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7) ABSTRACT

A thin film diode panel comprises a pixel electrode formed
on a substrate, the pixel electrode including a stem portion
and a plurality of branch portions extended from the stem
portion, and a data electrode line formed on the substrate, the
data electrode line including a plurality of branch electrodes
formed parallel to the plurality of branch portions. The
plurality of branch portions may extend in a direction
perpendicular to the stem portion and the plurality of branch
electrodes may extend in a direction perpendicular to the
data clectrode line.
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LIQUID CRYSTAL DISPLAY, THIN FILM DIODE
PANEL, AND MANUFACTURING METHOD OF
THE SAME

BACKGROUND OF THE INVENTION
[0001]

[0002] The present disclosure relates to thin film diode
array panels using metal insulator metal (MIM) diodes as
switching elements, and a manufacturing method of the
same. In more detail, the present disclosure relates to thin
film diode array panels of a dual select diode (DSD) type,
and a liquid crystal display using the same.

[0003]

[0004] A liquid crystal display (LCD) is one of the most
widely used flat panel displays. An LCD includes two panels
provided with field-generating electrodes, and a liquid crys-
tal (LC) layer interposed therebetween. The LCD displays
images by applying voltages to the field-generating elec-
trodes to generate an electric field in the LC layer, which
determines orientations of LC molecules in the LC layer to
adjust polarization of incident light.

[0005] An LCD may have switching elements to switch
voltages of pixels arranged in a matrix form. An LCD can
display various images since pixel voltages are individually
switched. An LCD having switching elements to switch
pixel voltages individually is called as an active matrix type
LCD.

[0006] Thin film transistors or thin film diodes may be
used as the switching elements. When thin film diodes are
applied, MIM diodes can be used.

[0007] A MIM diode has two metal layers and one insu-
lating layer interposed between the metal layers and a
thickness capable of being measured in micrometers. A
MIM diode may act as a switch due to the electrical
nonlinearity of the insulating layer. A MIM diode has two
terminals. As a result, the manufacturing process of the MIM
diode is simpler than that of the thin film transistor having
three terminals. Accordingly, MIM diodes can be manufac-
tured at a lower cost than thin film transistors.

(a) Technical Field

(b) Discussion of the Related Art

[0008] However, when diodes are used as switching ele-
ments, the uniformity of image quality and contrast ratio
may be degraded due to asymmetry of an applied voltage
with respect to the polarity.

[0009] In response to the asymmetry, a dual select diode
(DSD) type panel has been developed. A DSD type panel
includes two diodes which are symmetrically connected to a
pixel electrode and are driven by applying voltages of
opposite polarities.

[0010] A DSD type LCD shows improved image quality,
contrast ratio, gray scale uniformity, and response speed by
applying voltages having opposite polarities to the two
diodes which are connected to a same pixel electrode.
Accordingly, a DSD type LCD can display images with high
resolution like that of an LCD using thin film transistors.

[0011] In a conventional DSD type LCD, scanning signal
lines, diodes, and pixel electrodes are formed on a lower
substrate, and image signal stripes are formed on an upper
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substrate. Therefore, scanning signal drivers are connected
to the lower substrate and image signal drivers are connected
to the upper substrate.

[0012] Known structures of DSD type LCDs make it
difficult to load driver integrated circuits (ICs). Further,
conventional DSD type LCDs do not provide for the wide
viewing angles that are becoming more important as the size
of a display increases.

SUMMARY OF THE INVENTION

[0013] A panel for a liquid crystal display device, in
accordance with an embodiment of the present invention,
comprises a pixel electrode formed on a substrate, the pixel
electrode including first and second contact portions, a stem
portion and a plurality of branch portions extended from the
stem portion, a data electrode line formed on the substrate,
the data electrode line including is a plurality of branch
electrodes aligned parallel to the plurality of branch por-
tions, a first input electrode formed on the substrate adjacent
the first contact portion, a second input electrode formed on
the substrate adjacent the second contact portion, a first
floating electrode formed on the substrate, wherein the first
floating electrode crosses the first input electrode and the
first contact portion, and a second floating electrode formed
on the substrate, wherein the second floating electrode
crosses the second input electrode and the second contact
portion.

[0014] Each branch portion of the plurality of branch
portions may be alternately disposed with a branch electrode
of the plurality of branch electrodes. The panel may further
comprise a first channel insulating layer disposed between
the first floating electrode and the first input electrode and
the first contact portion, and a second channel insulating
layer disposed between the second floating electrode and the
second mput electrode and the second contact portion. The
first and second channel insulating layers, the first and
second floating electrodes, the first and second input elec-
trodes and the first and second contact portions may form
respective first and second MIM diodes which are symmetri-
cally connected to the pixel electrode.

[0015] First and second scanning signal lines may be
formed on the substrate, wherein a portion of the first and
second input electrodes respectively overlap the first and
second scanning signal lines and the first and second input
electrodes are respectively electrically connected to the first
and second scanning signal lines.

[0016] An inter-insulating layer may be formed on the first
and second floating electrodes, the pixel electrode, the first
and second input electrodes and the first and second scan-
ning signal lines, and the data electrode line may be formed
on the inter-insulating layer. The inter-insulating layer may
include a plurality of contact holes for exposing portions of
the first and second scanning signal lines. The pixel elec-
trode may further include an overlapping portion extended
from the stem portion and the data electrode line may further
include a storage electrode connected thereto, wherein the
storage electrode overlaps the overlapping portion to form a
storage capacitor and an inter-insulating layer is disposed
between the storage electrode and the overlapping portion.

[0017] The plurality of branch portions may extend in a
direction perpendicular to the stem portion and the plurality
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of branch electrodes may extend in a direction perpendicular
to the data electrode line. The stem portion may extend in a
longitudinal direction.

[0018] The first and second input electrodes may branch
out from the first and second scanning signal lines, respec-
tively. The inter-insulating layer may be formed on the
overlapping portion of the pixel electrode and portions of the
first and second scanning signal lines. The data electrode
line may be formed on the inter-insulating layer.

[0019] A panel for a liquid crystal display device, in
accordance with an embodiment of the present invention,
comprises a pixel electrode formed on a substrate, the pixel
electrode including a frame portion, first and second contact
portions extended from the frame portion and a branch
portion extended from the frame portion, a data electrode
line formed on the substrate, the data electrode line includ-
ing a plurality of branch electrodes aligned parallel to the
branch portion, a first input electrode formed on the sub-
strate adjacent the first contact portion, a second input
electrode formed on the substrate adjacent the second con-
tact portion, a first floating electrode formed on the sub-
strate, wherein the first floating electrode crosses the first
input electrode and the first contact portion, and a second
floating electrode formed on the substrate, wherein the
second floating electrode crosses the second input electrode
and the second contact portion.

[0020] Each branch electrode of the plurality of branch
electrodes may be positioned at a predetermined distance
from the branch portion and the frame portion and may be
disposed between the branch portion and the frame portion.

[0021] An insulating layer may be formed on the substrate
to cover the pixel electrode, the first and second scanning
signal lines, and the first and second input electrodes. The
data electrode line may be formed on the insulating layer and
a thickness of the insulating layer may be increased at a
crossing portion of the data electrode line with the first and
second scanning signal lines. The data electrode line may
further include a storage electrode connected thereto and
formed on the insulating layer, the pixel electrode may
further include an overlapping portion formed by expansion
of part of the frame portion, and a thickness of the insulating
layer may be increased in an area between the overlapping
portion and the storage electrode. The first and second
floating electrodes may be formed on the insulating layer.
The insulating layer may be disposed between the first and
second scanning signal lines and the data electrode line,
between the overlapping portion and the storage electrode,
and between the first and second floating electrodes and the
first and second input electrodes and the first and second
contact portions. The insulating layer, the first and second
floating electrodes, the first and second input electrode and
the first and second contact portions may form respective
first and second MIM diodes symmetrically connected to the
pixel electrode. The insulating layer may include a plurality
of contact holes for exposing portions of the first and second
scanning signal lines.

[0022] A subsidiary insulating layer may be formed on a
portion of the insulating layer. The data electrode line may
be formed on the subsidiary insulating layer, and the sub-
sidiary insulating layer may be disposed between the first
and second scanning signal lines and the data electrode line
and between the overlapping portion and the storage elec-
trode.
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[0023] The branch portion may extend in a direction
parallel to a longitudinal portion of the frame portion and the
plurality of branch electrodes may extend in a direction
parallel to the data electrode line. The frame portion may
have a rectangular shape.

[0024] A thin film diode panel for a liquid crystal display
device, in accordance with an embodiment of the present
invention, comprises a pixel electrode formed on a substrate,
the pixel electrode including first and second contact por-
tions, and a data electrode line formed on the substrate, the
data electrode line including a plurality of branch electrodes.

[0025] The pixel electrode may further include a stem
portion, a plurality of upper branch portions and a plurality
of lower branch portions extending from the stem portion.
The plurality of upper branch portions may extend from the
stem portion at an angle ranging from about 7 degrees to
about 23 degrees with respect to an axis perpendicular to the
stem portion and the plurality of lower branch portions
extend from the stem portion at an angle ranging from about
-7 degrees to about -23 degrees with respect to the axis
perpendicular to the stem portion. The plurality of branch
electrodes may include upper and lower branch electrodes
positioned parallel to the upper and lower branch portions,
respectively. Each branch portion of the plurality of upper
and lower branch portions may be alternately disposed with
a branch electrode of the plurality of branch electrodes. An
alignment layer may be formed on the panel, and the upper
and lower branch portions and the upper and lower branch
electrodes may be slanted against a rubbing direction of the
alignment layer.

[0026] The pixel electrode may further include a first
overlapping portion extending from the stem portion and
decreasing in width in a direction away from the stem
portion, and a second overlapping portion extending from
the stem portion and increasing in width in the direction
away from the stem portion. The data electrode line may
include first and second storage electrodes connected thereto
and overlapping with the first and second overlapping por-
tions to form first and second storage capacitors.

[0027] The pixel electrode may further include a frame
portion and a branch portion extended from the frame
portion, the data electrode line may include a plurality of
branch electrodes, and the frame portion, the branch portion
and the branch electrodes may each include a plurality of
adjacent bent sections. An angle of a bent section may range
from about 15 degrees to about 45 degrees with respect to an
axis formed by an adjacent bent section. The frame portion,
the branch portion and the branch electrodes may be slanted
against a rubbing direction of the alignment layer.

[0028] A method for manufacturing a panel of a liquid
crystal display, in accordance with an embodiment of the
present invention, comprises forming a conductive material
layer on a substrate and photo-etching the conductive mate-
rial layer to form a pixel electrode including first and second
contact portions, a first input electrode adjacent the first
contact portion and a second input electrode adjacent the
second contact portion, depositing a silicon nitride layer on
the substrate and photo-etching the silicon nitride layer to
form a first channel insulating layer on the first input
electrode and the first contact portion, and to form a second
channel insulating layer on the second input electrode and
the second contact portion, depositing a metal layer on the
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substrate and photo-etching the metal layer to form a first
floating electrode crossing the first input electrode and the
first contact portion, a second floating electrode crossing the
second input electrode and the second contact portion, and
first and second scanning signal lines, depositing an insu-
lating layer on the substrate and photo-etching the insulating
layer to form an inter-insulating layer on the first and second
floating electrodes, the pixel electrode, the first and second
input electrodes and the first and second scanning signal
lines, and depositing a metal layer on the substrate and
photo-etching the metal layer to form a data electrode line on
the inter-insulating layer.

[0029] A method for manufacturing a panel of a liquid
crystal display, in accordance with an embodiment of the
present invention, comprises forming a conductive material
layer on a substrate and photo-etching the conductive mate-
rial layer to form a pixel electrode including first and second
contact portions and an overlapping portion, a first input
electrode adjacent the first contact portion, a second input
electrode adjacent the second contact portion, and first and
second scanning signal lines, depositing a silicon nitride
layer on the substrate and photo-etching the silicon nitride
layer to form an insulating layer on the first input electrode
and the first contact portion, and on the second input
electrode and the second contact portion, and depositing a
metal layer on the substrate and photo-etching the metal
layer to form a first floating electrode crossing the first input
electrode and the first contact portion, a second floating
electrode crossing the second input electrode and the second
contact portion, and a data electrode line.

[0030] The insulating layer may include first and second
channel layers respectively formed on the first and second
input electrodes and the first and second contact portions,
and the first and second floating electrodes may be respec-
tively formed on the first and second channel insulating
layers.

[0031] The method may further comprise depositing a
layer including an insulator on the substrate and photo-
etching the insulating layer to form an inter-insulating layer
on the overlapping portion of the pixel electrode and on a
portion of the first and second scanning signal lines, wherein
the data electrode line is formed on the inter-insulating layer.
The method may also comprise coating a photoresist film on
the insulating layer, and exposing the photoresist film to
light through a mask including a slit or lattice pattern or
through a semitransparent film.

[0032] Aliquid crystal display device, in accordance with
an embodiment of the present invention, comprises a thin
film diode panel including a pixel electrode formed on a
substrate, the pixel electrode including a stem portion and a
plurality of branch portions extended from the stem portion,
and a data electrode line formed on the substrate, the data
electrode line including a plurality of branch electrodes
formed parallel to the plurality of branch portions, and a
color filter panel positioned opposite the thin film diode
panel, wherein a gap is formed between the thin film diode
and color filter panels for housing a liquid crystal layer in the
gap.

[0033] Liquid crystal molecules of the liquid crystal layer
deposited in the gap may be aligned to be parallel with the
plurality of branch portions and the plurality of branch
electrodes in the absence of an electric field between the thin
film diode and color filter panels.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Preferred embodiments of the present invention
can be understood in more detail from the following descrip-
tions taken in conjunction with the accompanying drawings,
in which:

[0035] FIG. 1 is a perspective view of a liquid crystal
display according to an embodiment of the present inven-
tion;

[0036] FIG. 2 is a layout view of a thin film diode array

panel for a liquid crystal display according to an embodi-
ment of the present invention,

[0037] FIG. 3 is a sectional view of the thin film diode
array panel taken along the line ITI-IIT' of FIG. 2 according
to an embodiment of the present invention;

[0038] FIG. 4A is a layout view of the thin film diode
array panel at a step of a manufacturing method thereof
according to an embodiment of the present invention;

[0039] FIG. 4B is a sectional view of the thin film diode
array panel taken along the line IVL-IVL' of FIG. 4A
according to an embodiment of the present invention;

[0040] FIG. 5A is a layout view of the thin film diode
array panel at another step of a manufacturing method
thereof according to an embodiment of the present inven-
tion;

[0041] FIG. 5B is a sectional view of the thin film diode
array panel taken along the line Vb-Vb' of FIG. SA accord-
ing to an embodiment of the present invention;

[0042] FIG. 6 is a layout view of a thin film diode array
panel for a liquid crystal display according to an embodi-
ment of the present invention,

[0043] FIG. 7 is a sectional view of the thin film diode
array panel taken along the line VII-VII' of FIG. 6 according
to an embodiment of the present invention;

[0044] FIG. 8 is a layout view of a thin film diode array
panel for a liquid crystal display according to an embodi-
ment of the present invention,

[0045] FIG. 9 is a sectional view of the thin film diode
array panel taken along the line IX-IX' of FIG. 8 according
to an embodiment of the present invention;

[0046] FIG. 10 is a sectional view of the thin film diode
array panel taken along the line IX-IX' of FIG. 8 according
to an embodiment of the present invention;

[0047] FIG. 11 is a sectional view of the thin film diode
array panel taken along the line IX-IX' of FIG. 8 according
to an embodiment of the present invention;

[0048] FIG. 12 is a layout view of a thin film diode array
panel for a liquid crystal display according to an embodi-
ment of the present invention; and

[0049] FIG. 13 is a layout view of a thin film diode array
panel for a liquid crystal display according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0050] Preferred embodiments of the present invention
now will be described more fully hereinafter with reference
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to the accompanying drawings, in which preferred embodi-
ments of the invention are shown. The present invention
may, however, be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.

[0051] In the drawings, the thickness of layers, films, and
regions are exaggerated for clarity. Like numerals refer to
like elements throughout. It will be understood that when an
element such as a layer, film, region, or substrate is referred
to as being “on” another element, it can be directly on the
other element or intervening elements may also be present.
FIG. 1 is a perspective view of a liquid crystal display
according to an embodiment of the present invention.

[0052] As shown in FIG. 1, the liquid crystal display has
a lower panel (a thin film diode array panel) 100, an upper
panel (a color filter array panel) 200 facing the lower panel
100, an upper and lower polarizing films 22 and 12, and a
liquid crystal layer 3 interposed between the two panels 100
and 200 and having liquid crystal molecules aligned in a

horizontal direction with respect to the surfaces of the panels
100 and 200.

[0053] The lower panel 100 has a plurality of pixel elec-
trodes 190 formed on corresponding regions with red, green,
and blue pixels; a plurality of pairs of gate lines 121 and 122
transmitting signals having opposite polarity; and a plurality
of pairs of MIM diodes D1 and D2 which are switching
elements. The lower panel 100 also includes a plurality of
data electrode lines 270 having a plurality of branch elec-
trodes 271. Pixel areas are defined by the intersection of the
data electrode lines 270 with the pair of gate lines 121 and
122.

[0054] The upper panel 200 includes a plurality of red,
green, and blue color filters 230 which respectively corre-
spond with pixel areas to define red, green, and blue pixel
areas. White pixel areas on which no color filter is formed
may be included.

[0055] The structure of the thin film diode array panel
according to an embodiment of the present invention will be
described in more detail.

[0056] FIG. 2 is a layout view of a thin film diode array
panel for a liquid crystal display according to an embodi-
ment of the present invention. FIG. 3 is a sectional view of
the thin film diode array panel taken along the line III-IIT' of
FIG. 2.

[0057] As shown in FIGS. 2 and 3, a pixel ¢lectrode 190
includes first and second contact portions 191 and 192 and
is formed on a transparent insulating substrate 110 such as

a glass along with first and second input electrodes 123 and
124.

[0058] The pixel electrode 190 further includes a stem
portion 193 extended in a longitudinal direction, branch
portions 194 extended from the stem portion 193 in a
transverse direction, and overlapping portions 195 having an
increased width extended from the stem portion 193 in a
transverse direction.

[0059] The first input electrode 123 is adjacent to the first
contact portion 191 with a predetermined gap therebetween.
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The second input electrode 124 is adjacent to the second
contact portion 192 with a predetermined gap therebetween.

[0060] The pixel electrode 190 and the first and second
input electrodes 123 and 124 may be made of an opaque
conductive material such as chromium (Cr), aluminum (Al),
molybdenum (Mo), tantalum (Ta), and their alloys, as well
as a transparent conductive material such as indium-tin-
oxide (ITO) and indium-zinc-oxide (IZO).

[0061] A plurality of first channel insulating layers 151 are
locally formed on the first input electrodes 123 and the first
contact portions 191 of the plurality of pixel electrodes 190.
A plurality of second channel insulating layers 152 are
locally formed on the second input electrodes 124 and the
second contact portions 192 of the plurality of pixel elec-
trodes 190. The first and second channel insulating layers
151 and 152 are made of an insulating material such as
silicon nitride (SiNx).

[0062] A plurality of first and second floating electrodes
143 and 144 are respectively formed on the first and second
channel insulating layers 151 and 152. The first floating
electrode 143 crosses the first input electrode 123 and the
first contact portion 191. The second floating electrode 144
crosses the second input electrode 124 and the second
contact portion 192.

[0063] A plurality of first and second scanning signal lines
141 and 142 extending in a transverse direction are formed
on the insulating substrate 110. The first and second scan-
ning signal lines 141 and 142 are respectively overlapped by
aportion of the first and second input electrodes 123 and 124
and are respectively electrically connected to the first and
second input electrodes 123 and 124.

[0064] The first and second scanning signal lines 141 and
142 and the first and second floating electrodes 143 and 144
are formed of the same material, such as chromium (Cr),
aluminum (Al), molybdenum (Mo), tantalum (Ta), and their
alloys.

[0065] An inter-insulating layer 160 is formed on the first
and second floating electrodes 143 and 144, the pixel
electrode 190, the first and second input electrodes 123 and
124, and the first and second scanning signal lines 141 and
142.

[0066] A plurality of data electrode lines 270 are formed
on the inter-insulating layer 160. A data electrode line 270
includes a plurality of branch electrodes 271 and storage
electrodes 272.

[0067] A branch electrode 271 is formed to be parallel
with the branch portion 194 of the pixel electrode 190. The
branch electrode 271 and the branch portion 194 are alter-
nately disposed.

[0068] The storage electrode 272 overlaps the overlapping
portion 195 of the pixel electrode 190 to form a storage
capacitor.

[0069] In the above described thin film diode array panel,
a pair of input electrodes 123 and 124, a pair of channel
insulating layers 151 and 152, a pair of floating electrodes
143 and 144, and a pair of contact portions 191 and 192 form
a pair of MIM diodes. Such a MIM diode performs a diode
function by using nonlinearity of current-voltage character-
istics of the first and second channel insulating layers 151
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and 152. The MIM diodes allow a signal voltage to pass and
be applied to the pixel electrode only when a voltage over a
predetermined value is applied between the first and the
second scanning signal lines 141 and 142. On the other hand,
when no voltage is applied between the first and the second
scanning signal lines 141 and 142, the MIM diodes are open
circuits. Accordingly, a signal voltage applied between the
pixel electrode 190 and the data electrode line 270 is
preserved in the liquid crystal capacitor formed between the
pixel electrode 190 and the data electrode line 270.

[0070] The upper panel 200 has a light blocking layer (not
illustrated) and color filters 230. The upper panel 200 may
further have an overcoat layer covering the color filters 230.

[0071] When no electric field is applied, liquid crystal
molecules of the liquid crystal layer 3 are aligned to be
parallel with the branch electrodes 271 and the branch
portions 194. When a horizontal electric field is formed in
the liquid crystal layer 3 by applying a voltage between the
pixel electrode 190 and the data electrode line 270, liquid
crystal molecules spin toward a direction to be perpendicular
to the branch electrodes 271 and the branch portions 194 due
to the horizontal electric field. Spinning displacement of
liquid crystal molecules is greatest at the center between the
two panels 100 and 200, and decreases toward (i.c. away
from the center of) the two panels 100 and 200 due to the
alignment force of alignment layers.

[0072] When liquid crystals spin on a plane parallel with
the two panels 100 and 200, a wide viewing angle is
obtained because a variation of retardation (And) according
to light passage is small.

[0073] A liquid crystal display according to an embodi-
ment of the present invention shows a wide viewing angle
even though no compensation film is used, has excellent side
visibility without color shift, and has a more uniform
response speed in the whole gray level. Accordingly, such a
liquid crystal display is capable of effectively displaying a
moving picture.

[0074] Now, a manufacturing method of the thin film
diode array panel according to an embodiment of the present
invention will be described.

[0075] FIG. 4A is a layout view of the thin film diode
array panel at a step of a manufacturing method thereof
according to an embodiment of the present invention. FIG.
4B is a sectional view of the thin film diode array panel taken
along the line IVb-IVb' of FIG. 4A. FIG. 5A is a layout
view of the thin film diode array panel at another step of a
manufacturing method thereof. FIG. 5B is a sectional view
of the thin film diode array panel taken along the line Vb-Vb'
of FIG. 5A.

[0076] As shown in FIGS. 4A and 4B, a transparent or
opaque conductive material layer is formed on the insulating
substrate 110 and is photo-etched to form the pixel elec-

trodes 190 and the first and second input electrodes 123 is
and 124.

[0077] Next, a silicon nitride layer is deposited and is
photo-etched to form the first channel insulating layer 151
on the first input electrode 123 and the first contact portion
191 of the pixel electrode 190, and to form the second
channel insulating layer 152 on the second input electrode
124 and the second contact portion 192 of the pixel electrode
190.
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[0078] Next, as shown in FIGS. 5¢ and 5b, a metal layer
of Mo, Al, Ta, Ti, or their alloys is deposited and is
photo-etched to form the first and second floating electrodes
143 and 144 and the first and second scanning signal lines
141 and 142.

[0079] Next, an insulating layer made of an inorganic
insulator such as SiNx and SiOx or an organic insulator such
as resin is deposited and is photo-etched to form the inter-
insulating layer 160 having contact holes 161 (see FIG. 2)
to expose portions of the first and second scanning signal
lines 141 and 142 for connecting to external circuits.

[0080] Next, as shown in FIGS. 2 and 3, a metal layer is
photo-etched to form the data electrode lines 270 including
the branch electrodes 271 and the storage electrodes 272.

[0081] In an embodiment, the thin film diode array panel
is manufactured by using five photo-etching processes.
Alternatively, a thin film diode array panel may be manu-
factured by using less photo-etching processes. Further-
more, the shape of the pixel electrode 190 and the branch
electrode 271 may be modified. Such modifications will be
described below.

[0082] FIG. 6 is a layout view of a thin film diode array
panel for a liquid crystal display according to an embodi-
ment of the present invention, and FIG. 7 is a sectional view

of the thin film diode array panel taken along the line
VII-VII' of FIG. 6.

[0083] As shown in FIGS. 6 and 7, a plurality of pixel
electrodes 190 having first and second contact portions 191
and 192 and first and second scanning signal lines 121 and
122 which are respectively connected with a first input
electrode 123 and a second input electrode 124 are formed
on a transparent insulating substrate 110 such as glass.

[0084] A pixel electrode 190 includes a stem portion 193
extended toward a longitudinal direction, branch portions
194 extended from the stem portion 193 and extended
toward a transverse direction, and overlapping portions 195
extended from the stem portion 193, extended in a transverse
direction, and having an increased width.

[0085] The first and second scanning signal lines 121 and
122 are substantially extended in a transverse direction. The
first input electrode 123 is branched out from the first
scanning signal line 121, and is extended in a longitudinal
direction. The first input electrode 123 also is adjacent to the
first contact portion 191 with a predetermined gap therebe-
tween. The second input electrode 124 is branched out from
the second scanning signal line 122, and is extended in a
longitudinal direction. The second input electrode 124 also
is adjacent to the second contact portion 192 with a prede-
termined gap therebetween.

[0086] The pixel electrode 190, the first and second scan-
ning signal lines 121 and 122, and the first and second input
electrodes 123 and 124 may be made of an opaque conduc-
tive material such as chromium (Cr), aluminum (Al), molyb-
denum (Mo), tantalum (Ta), and their alloys, as well as of a
transparent conductive material such as indium-tin-oxide
(ITO) and indium-zinc-oxide (IZO).

[0087] Aplurality of first channel insulating layers 151 are
locally formed on the first input electrodes 123 and the first
contact portions 191. A plurality of second channel insulat-
ing layers 152 are locally formed on the second input
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electrodes 124 and the second contact portions 192. The first
and second channel insulating layers 151 and 152 are made
of an insulating material such as silicon nitride (SiNx).

[0088] An inter-insulating layer 160 is locally formed on
the overlapping portion 195 of the pixel electrode 190 and
portions of the first and second scanning signal lines 121 and
122. The inter-insulating layer 160 is for insulating the first
and second scanning signal lines 121 and 122 from a data
electrode line 270 which will be described below, and for
insulating the overlapping portion 195 and a storage elec-
trode 272 which will also be described below.

[0089] A plurality of first and second floating electrodes
143 and 144 are respectively formed on the first and second
channel insulating layers 151 and 152. The first floating
electrode 143 crosses the first input electrode 123 and the
first contact portion 191. The second floating electrode 144
crosses the second input electrode 124 and the second
contact portion 192.

[0090] A plurality of data electrode lines 270 are formed
on the inter-insulating layer 160. The data electrode line 270
includes a plurality of branch electrodes 271 and storage
electrodes 272.

[0091] The branch electrode 271 is disposed to be parallel
with the branch portion 194 of the pixel electrode 190. The
branch electrode 271 and the branch portion 194 are alter-
nately disposed.

[0092] The storage electrode 272 overlaps the overlapping
portion 195 of the pixel electrode 190 to form a storage
capacitor.

[0093] A manufacturing method of the thin film diode
array panel according to the embodiment described in con-
nection with FIGS. 6 and 7 will be described.

[0094] A transparent or an opaque conductive material
layer is formed on the insulating substrate 110 and is
photo-etched to form the pixel electrodes 190, the first and
second scanning signal lines 121 and 122, and the first and
second input electrodes 123 and 124.

[0095] Next, a silicon nitride layer is deposited and is
photo-etched to form the first channel insulating layer 151
on the first input electrode 123 and the first contact portion
191 of the pixel electrode 190 and to form the second
channel insulating layer 152 on the second input electrode
124 and the second contact portion 192 of the pixel electrode
190.

[0096] Next, an insulating layer made of an inorganic
insulator such as SiNx and SiOx or an organic insulator such
as resin is deposited and is photo-etched to form the inter-
insulating layer 160 covering portions of the first and second
scanning signal lines 121 and 122 and the overlapping
portion 195.

[0097] A metal layer made of, for example, chromium
(Cr), aluminum (Al), molybdenum (Mo), tantalum (Ta), and
their alloys is deposited and is photo-etched to form the first
and second floating electrodes 143 and 144, the data elec-
trode line 270, branch electrode 271, and storage electrode
272.

[0098] As described above, the thin film diode array panel
according to the embodiment described in connection with
FIGS. 6 and 7 is manufactured by using four photo-etching
processes.
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[0099] FIG. 8 is a layout view of a thin film diode array
panel for a liquid crystal display according to an embodi-
ment of the present invention, and FIG. 9 is a sectional view
of the thin film diode array panel taken along the line IX-IX'
of FIG. 8 according to an embodiment of the present
invention.

[0100] As shown in FIGS. 8 and 9, a plurality of pixel
electrodes 190 having first and second contact portions 191
and 192 and first and second scanning signal lines 121 and
122 which are respectively connected with a first input
electrode 123 and a second input electrode 124 are formed
on a transparent insulating substrate 110 such as glass.

[0101] The pixel electrode 190 further includes a frame
portion 196 having a rectangular shape, branch portions 194
extended from the frame portion 196 in a longitudinal
direction, and overlapping portions 195 formed by expan-
sion of the frame portion 196.

[0102] The first and second scanning signal lines 121 and
122 are substantially extended in a transverse direction. The
first input electrode 123 is branched out from the first
scanning signal line 121, and is extended in a longitudinal
direction. The first input electrode 123 is adjacent to the first
contact portion 191 with a predetermined gap therebetween.
The second input electrode 124 is branched out from the
second scanning signal line 122, and is extended in a
longitudinal direction. The second input electrode 124 is
adjacent to the second contact portion 192 with a predeter-
mined gap therebetween.

[0103] The pixel electrode 190, the first and second scan-
ning signal lines 121 and 122, and the first and second input
electrodes 123 and 124 may be made of an opaque conduc-
tive material such as chromium (Cr), aluminum (Al), molyb-
denum (Mo), tantalum (Ta), and their alloys as well as a
transparent conductive material such as indium-tin-oxide
(ITO) and indium-zinc-oxide (IZO).

[0104] An insulating layer 150 made of an insulating
material such as SiNx is formed on the insulating substrate
110 to cover the pixel electrode 190, the first and second
scanning signal lines 121 and 122, and the first and second
input electrodes 123 and 124.

[0105] The thickness of the insulating layer 150 in most
areas, including upper portions of the first input electrode
123, the contact portion 191, and the second input electrode
124, is thinner than that in other areas, including the crossing
portion of a data electrode line 270 and the first and second
scanning signal lines 121 and 122, and the overlapping
portion of the overlapping portion 195 and a storage elec-
trode 272, which will be described below. With this struc-
ture, the insulating layer 150 is capable of functioning as
both a channel insulating layer of an MIM diode and an
insulator between conductors.

[0106] The insulating layer 150 includes contact holes 161
exposing portions of the first and second scanning signal
lines 121 and 122 for connecting with external circuits.

[0107] A plurality of first and second floating electrodes
143 and 144 are respectively formed on the insulating layer
150. The first floating electrode 143 crosses the first input
electrode 123 and the first contact portion 191. The second
floating electrode 144 crosses the second input electrode 124
and the second contact portion 192.
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[0108] A plurality of data electrode lines 270 are formed
on the insulating layer 150 and extend in a longitudinal
direction. The data electrode line 270 includes a plurality of
storage electrodes 272 and branch electrodes 271 which
branch out from one of the storage electrodes 272 and extend
in a longitudinal direction.

[0109] Referring to FIG. 8, the branch electrodes 271 are
formed to be parallel with the branch portion 194 of the pixel
electrode 190, to have a predetermined distance from the
branch portion 194 and the frame portion 196, and to be
disposed between the branch portion 194 and the frame
portion 196.

[0110] The storage electrode 272 overlaps the overlapping
portion 195 of the pixel electrode 190 to form a storage
capacitor.

[0111] A manufacturing method of the thin film diode
array panel according to an embodiment will now be
described.

[0112] A transparent or an opaque conductive material
layer is formed on the insulating substrate 110 and is
photo-etched to form the pixel electrodes 190, the first and
second scanning signal lines 121 and 122, and the first and
second input electrodes 123 and 124.

[0113] Next, a silicon nitride layer is deposited and is
photo-etched to form the insulating layer 150 having contact
holes 161, where the thickness of the insulating layer 150 in
most areas, including upper portions of the first input
electrode 123, the contact portion 191, the second input
electrode 124, and the contact portion 191, is thinner than
that in other areas, including the crossing portion of a data
electrode line 270 and the first and second scanning signal
lines 121 and 122, and the overlapping portion of the
overlapping portion 195 and a storage electrode 272.

[0114] Half tone light exposing is employed to form the
insulating layer 150. That is, a photoresist film is coated on
the insulating layer 150 to have a thickness of 1 um, it is
exposed to light through a mask with a slit or lattice pattern
or through a semitransparent film, and is developed such that
the photoresist film portion at the area of contact holes 161
is entirely removed while exposing the insulating layer 150.
The photoresist film portion at the area of the insulating
layer 150 having a small thickness is left over with a small
thickness, and the photoresist film portion at the area of the
insulating layer 150 having a large thickness is left over with
a large thickness.

[0115] When using a half tone mask, a light transparent
area and light blocking area of the half tone mask may be
exchanged with each other depending on the type of pho-
toresist used.

[0116] The insulating layer 150 is etched to form the
contact hole 161 using the photoresist film.

[0117] Next, the photoresist film is ashed to remove the
small thickness portion of the photoresist film. After that, the
insulating layer 150 is etched again to reduce the thickness
of the insulating layer 150.

[0118] A metal layer made of, for example, chromium
(Cr), aluminum (Al), molybdenum (Mo), tantalum (Ta), and
their alloys is deposited on the insulating layer 150 and is
photo-etched to form the first and second floating electrodes
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143 and 144, the data electrode line 270, branch electrode
271, and storage electrode 272.

[0119] As described above, the thin film diode array panel
according to the embodiment described in connection with
FIGS. 8 and 9 is manufactured by using three photo-etching
processes including a half-tone exposure.

[0120] FIG. 10 is a sectional view of the thin film diode
array panel shown in FIG. 8 taken along the line IX-IX'
according to an embodiment of the present invention.

[0121] Asshown in FIG. 10, a plurality of pixel electrodes
190 having first and second contact portions 191 and 192
and first and second scanning signal lines 121 and 122 which
are respectively connected with a first input electrode 123
and a second input electrode 124 are formed on a transparent
insulating substrate 110 such as glass.

[0122] The pixel electrode 190, the first and second scan-
ning signal lines 121 and 122, and the first and second input
electrodes 123 and 124 may be made of an opaque conduc-
tive material such as chromium (Cr), aluminum (Al), molyb-
denum (Mo), tantalum (Ta), and their alloys, as well as of a
transparent conductive material such as indium-tin-oxide
(ITO) and indium-zinc-oxide (IZO).

[0123] A basic insulating layer 150 made of SiNx is
formed on the insulating substrate 110 to cover the pixel
electrode 190, the first and second scanning signal lines 121
and 122, and the first and second input electrodes 123 and
124. The basic insulating layer 150 has a plurality of contact
holes 161 to expose portions of the first and second scanning
signal lines 121 and 122 to connect to external circuits.

[0124] A subsidiary insulating layer 160 is regionally
formed on the basic insulating layer 150. As will be
described below, the subsidiary insulating layer 160 is
disposed between the first and second scanning signal lines
121 and 122 and the data electrode line 270, and between the
overlapping portion 195 and the storage electrode 272. The
subsidiary insulating layer 160 ensures insulation of inter-
layers if the basic insulating layer 150, functioning as a MIM
diode channel, is not sufficient to insulate the inter-layers.

[0125] A plurality of first and second floating electrodes
143 and 144 are formed on the basic insulating layer 150.

[0126] A plurality of data electrode lines 270, and storage
electrodes 272 and branch electrodes 271 connected to the
data electrode lines 270 are formed on the subsidiary insu-
lating layer 160. The storage electrode 272 overlaps the
overlapping portion 195 of the pixel electrode 190 to form
a storage capacitor.

[0127] In the above described embodiments, insulation
between the data electrode line 270 and the first and second
scanning signal lines 121 and 122 and between the storage
electrode 272 and overlapping portion 195 is ensured by
using one of the following three methods. One alternative is
using a different insulating layer from the channel insulating
layer of the MIM diode. Another alternative is controlling
the insulating layer to be thicker at the crossing or overlap-
ping portions than at the remaining portions. The other
alternative is forming a subsidiary insulating layer.

[0128] However, a channel insulating layer itself may be
sufficient to insulate between the data electrode line 270 and
the first and second scanning signal lines 121 and 122, and
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between the storage electrode 272 and the overlapping
portion 195, since a threshold voltage of the MIM diode
channel is much higher than the highest voltage that may
applied between the data electrode line 270 and the first and
second scanning signal lines 121 and 122 and between the
storage electrode 272 and the overlapping portion 195. The
threshold voltage of the MIM diode is about 20V, but the
highest voltage applied between the data electrode line 270
and the first and second scanning signal lines 121 and 122
and between the storage electrode 272 and overlapping
portion 195 is about 10V. These factors are considered in the
following embodiment.

[0129] FIG. 11 is a sectional view of the thin film diode
array panel shown in FIG. 8 taken along the line IX-IX'
according to a an embodiment of the present invention.

[0130] The embodiment shown in FIG. 11 has a structure
in which the subsidiary insulating layer is removed from the
embodiment shown in FIG. 10.

[0131] Structures of thin film diode array panels are
described above in accordance with embodiments of the
present invention. The following embodiments of the
present invention illustrate modifications to layouts of elec-
trodes.

[0132] FIG. 12 is a layout view of a thin film diode array
panel for a liquid crystal display according to an embodi-
ment of the present invention.

[0133] Referring to FIG. 12, the pixel electrode 190
includes a stem portion 193 extended in a longitudinal
direction, and upper branch portions 194 branched out from
the stem portion 193 and making an angle ranging from
about 7 degrees to about 23 degrees with respect to the
transverse axis of the scanning signal lines 141 and 142.
Lower branch portions 198 are branched out from the stem
portion 193 and make an angle ranging from about -23
degrees to about -7 degrees with respect to the transverse
axis of the scanning signal lines 141 and 142 (here, the
symbol, ‘=’, means that the lower branch portions 198 are
slanted in a direction opposite that of the upper branch
portions 194). The pixel electrode also includes a center
overlapping portion 196 extended in a transverse direction
and having a widening width in a direction away from the
stem portion 193, and upper and lower overlapping portions
195 extended in a transverse direction and having a narrow-
ing width in a direction away from the stem portion 193. The
distances between the adjacent branch portions 194 and 198
are substantially the same. The distances between the upper
and lower overlapping portions 195 and the center overlap-
ping portion 196 are substantially the same.

[0134] The branch electrodes 271 and 274 are formed to
be parallel with the branch portions 194 and 198, respec-
tively, of the pixel electrode 190, and are disposed between
the adjacent branch portions 194 and 198 and the overlap-
ping portions 195 and 196.

[0135] The storage electrodes 272 and 273 connected to
the data electrode line 270 overlap the overlapping portions
195 and 196 of the pixel electrode 190 to form storage
capacitors.

[0136] The rubbing direction of an alignment layer formed
on the thin film diode array panel is shown by the arrow.
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[0137] As described above, when the branch portions 194
and 198 of the pixel electrode 190 and the branch electrodes
271 and 274 are formed to be slanted against the rubbing
direction, the alignment directions of liquid crystals cross
with the horizontal electric field formed between the branch
portions 194 and 198 of the pixel electrode 190 and the
branch electrodes 271 and 274. As a result, a color shift of
right and left sides and reverse turning of gray can be
prevented from occurring.

[0138] Furthermore, when the rubbing direction is parallel
with the scanning signal lines 141 and 142, the liquid
crystals are aligned to be parallel with the scanning signal
lines 141 and 142. That is, when no electric field is applied,
the long axes of the liquid crystals are perpendicular to the
data electrode line 270 and the stem portion 193 of the pixel
electrode 190. Therefore, a cross talk phenomenon exhibited
in side viewing, which is light leakage arising from rear-
rangement of the liquid crystals due to the electric field
formed between, for example, the stem portion 193 and the
data electrode line 270, is prevented. Cross talk is prevented
because the alignment direction of liquid crystals is not
changed, since the liquid crystals are originally aligned in
the same direction as the electric field formed between the
stem portion 193 and the data electrode line 270.

[0139] Only one disclination line, which arises on the
portion of the liquid crystal that changes alignment, is
exhibited in a pixel because the liquid crystal alignment is
changed only once on the center overlapping portion 196 of
the pixel electrode 190.

[0140] FIG. 13 is a layout view of a thin film diode array
panel for a liquid is crystal display according to an embodi-
ment of the present invention.

[0141] Referring to FIG. 13, the frame portion 196 and the
branch portion 194 of the pixel electrode 190, and the branch
electrode 271 of the data electrode line 270 are formed to be
periodically bent in order for the alignment directions of the
liquid crystals to cross the horizontal electric field in a slant
manner. As shown in FIG. 13, a frame portion 196, branch
portion 194 and branch electrodes 271 each include a
plurality of adjacent bent sections. The angle of a bent
section on the frame portion 196, the branch portion 194,
and the branch electrode 271 ranges from about 15 degrees
to about 45 degrees with respect to an axis formed by an
adjacent bent section. Therefore, the angle formed between
the two adjacent bent sections ranges from about 135
degrees to about 165 degrees (i.e., about (180-45) degrees to
about (180-15) degrees).

[0142] The rubbing direction of the alignment layer
formed on the thin film diode array panel is along the data
electrode line 270 as shown by the arrow.

[0143] As described above, when the branch portion 194
and the frame portion 196 of the pixel electrode 190 and the
branch electrodes 271 are formed to be slanted against the
rubbing direction, the alignment directions of liquid crystals
cross with the horizontal electric field formed between the
branch portion 194, frame portion 196, and the branch
electrode 271. As a result, a color shift of right and left sides
and reverse turning of gray can be prevented from occurring.

[0144] A liquid crystal display according to embodiments
of the present invention shows a wide enough viewing angle
even though no compensation film is used, excellent side



US 2005/0105010 A1

visibility without a color shift, and a more uniform response
speed in the whole gray level. Accordingly, such a liquid
crystal display has is capable of effectively displaying a
moving picture.

[0145] Although the illustrative embodiments have been
described herein with reference to the accompanying draw-
ings, it is to be understood that the present invention is not
limited to those precise embodiments, and that various
changes and modifications may be affected therein by one of
ordinary skill in the related art without departing from the
scope or spirit of the invention. All such changes and
modifications are intended to be included within the scope of
the invention as defined by the appended claims.

What is claimed is:
1. A panel for a liquid crystal display device, comprising:

apixel electrode formed on a substrate, the pixel electrode
including first and second contact portions, a stem
portion and a plurality of branch portions extended
from the stem portion,

a data electrode line formed on the substrate, the data
electrode line including a plurality of branch electrodes
aligned parallel to the plurality of branch portions;

a first input electrode formed on the substrate adjacent the
first contact portion;

a second input electrode formed on the substrate adjacent
the second contact portion;

a first floating electrode formed on the substrate, wherein
the first floating electrode crosses the first input elec-
trode and the first contact portion; and

a second floating electrode formed on the substrate,
wherein the second floating electrode crosses the sec-
ond-input electrode and the second contact portion.

2. The panel as recited in claim 1, wherein each branch

portion of the plurality of branch portions is alternately
disposed with a branch electrode of the plurality of branch
electrodes.

3. The panel as recited in claim 1, further comprising:

a first channel insulating layer disposed between the first
floating electrode and the first input electrode and the
first contact portion; and

a second channel insulating layer disposed between the
second floating electrode and the second input elec-
trode and the second contact portion.

4. The panel as recited in claim 3, wherein:

the first channel insulating layer, the first floating elec-
trode, the first input electrode and the first contact
portion form a first MIM diode;

the second channel insulating layer, the second floating
electrode, the second input electrode and the second
contact portion form a second MIM diode; and

the first and second MIM diodes are symmetrically con-
nected to the pixel electrode.
5. The panel as recited in claim 1, further comprising:

a first scanning signal line formed on the substrate,
wherein a portion of the first input electrode overlaps
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the first scanning signal line and the first input electrode
is electrically connected to the first scanning signal
line; and

a second scanning signal line formed on the substrate,
wherein a portion of the second input electrode over-
laps the second scanning signal line and the second
input electrode is electrically connected to the second
scanning signal line.

6. The panel as recited in claim 5, further comprising an
inter-insulating layer formed on the first and second floating
electrodes, the pixel electrode, the first and second input
electrodes and the first and second scanning signal lines.

7. The panel as recited in claim 6, wherein the data
electrode line is formed on the inter-insulating layer.

8. The panel as recited in claim 6, wherein the inter-
insulating layer includes a plurality of contact holes for
exposing portions of the first and second scanning signal
lines.

9. The panel as recited in claim 1, wherein:

the pixel electrode further includes an overlapping portion
extended from the stem portion,

the data electrode line further includes a storage electrode
connected thereto; and

the storage electrode overlaps the overlapping portion to

form a storage capacitor.

10. The panel as recited in claim 9, wherein an inter-
insulating layer is disposed between the storage electrode
and the overlapping portion.

11. The panel as recited in claim 1, wherein the plurality
of branch portions extend in a direction perpendicular to the
stem portion and the plurality of branch electrodes extend in
a direction perpendicular to the data electrode line.

12. The panel as recited in claim 11, wherein the stem
portion extends in a longitudinal direction.

13. The panel as recited in claim 1, further comprising:

a first scanning signal line formed on the substrate,
wherein the first input electrode branches out from the
first scanning signal line; and

a second scanning signal line formed on the substrate,
wherein the second input electrode branches out from
the second scanning signal line.

14. The panel as recited in claim 13, further comprising an
inter-insulating layer formed on an overlapping portion of
the pixel electrode and portions of the first and second
scanning signal lines.

15. The panel as recited in claim 14, wherein the data
electrode line is formed on the inter-insulating layer.

16. Apanel for a liquid crystal display device, comprising:

a pixel electrode formed on a substrate, the pixel electrode
including a frame portion, first and second contact
portions extended from the frame portion and a branch
portion extended from the frame portion;

a data electrode line formed on the substrate, the data
electrode line including a plurality of branch electrodes
aligned parallel to the branch portion;

a first input electrode formed on the substrate adjacent the
first contact portion;

a second input electrode formed on the substrate adjacent
the second contact portion;
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a first floating electrode formed on the substrate, wherein
the first floating electrode crosses the first input elec-
trode and the first contact portion; and

a second floating electrode formed on the substrate,
wherein the second floating electrode crosses the sec-
ond input electrode and the second contact portion.

17. The panel as recited in claim 16, wherein each branch

electrode of the plurality of branch electrodes is positioned
at a predetermined distance from the branch portion and the
frame portion and is disposed between the branch portion
and the frame portion.

18. The panel as recited in claim 16, further comprising:

a first scanning signal line formed on the substrate,
wherein the first input electrode branches out from the
first scanning signal line; and

a second scanning signal line formed on the substrate,
wherein the second input electrode branches out from
the second scanning signal line.

19. The panel as recited in claim 18, further comprising an
insulating layer formed on the substrate to cover the pixel
electrode, the first and second scanning signal lines, and the
first and second input electrodes.

20. The panel as recited in claim 19, wherein the data
electrode line is formed on the insulating layer and a
thickness of the insulating layer is increased at a crossing
portion of the data electrode line with the first and second
scanning signal lines.

21. The panel as recited in claim 19, wherein:

the data electrode line further includes a storage electrode
connected thereto and formed on the insulating layer;

the pixel electrode further includes an overlapping portion
formed by expansion of part of the frame portion; and

a thickness of the insulating layer is increased in an area
between the overlapping portion and the storage elec-
trode.

22. The panel as recited in claim 19, wherein the first and

second floating electrodes are formed on the insulating layer.

23. The panel as recited in claim 22, wherein:

the data electrode line is formed on the insulating layer;

the data electrode line further includes a storage electrode
connected thereto and formed on the insulating layer;

the pixel electrode further includes an overlapping portion
formed by expansion of part of the frame portion; and

the insulating layer is disposed between the first and
second scanning signal lines and the data electrode line,
between the overlapping portion and the storage elec-
trode, and between the first and second floating elec-
trodes and the first and second input electrodes and the
first and second contact portions.

24. The panel as recited in claim 19, wherein:

the insulating layer, the first floating electrode, the first
input electrode and the first contact portion form a first
MIM diode;

the insulating layer, the second floating electrode, the
second input electrode and the second contact portion
form a second MIM diode; and

the first and second MIM diodes are symmetrically con-
nected to the pixel electrode.
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25. The panel as recited in claim 19, wherein the insu-
lating layer includes a plurality of contact holes for exposing
portions of the first and second scanning signal lines.

26. The panel as recited in claim 19, further comprising a
subsidiary insulating layer formed on a portion of the
insulating layer.

27. The panel as recited in claim 26, wherein:

the data electrode line is formed on the subsidiary insu-
lating layer;

the data electrode line further includes a storage electrode
connected thereto and formed on the subsidiary insu-
lating layer;

the pixel electrode further includes an overlapping portion
formed by expansion of part of the frame portion; and

the subsidiary insulating layer is disposed between the
first and second scanning signal lines and the data
electrode line and between the overlapping portion and
the storage electrode.

28. The panel as recited in claim 16, wherein:

the pixel electrode further includes an overlapping portion
formed by expansion of part of the frame portion;

the data electrode line further includes a storage electrode
connected thereto; and

the storage electrode overlaps the overlapping portion to

form a storage capacitor.

29. The panel as recited in claim 28, wherein an insulating
layer is disposed between the storage electrode and the
overlapping portion.

30. The panel as recited in claim 16, wherein the branch
portion extends in a direction parallel to a longitudinal
portion of the frame portion and the plurality of branch
electrodes extend in a direction parallel to the data electrode
line.

31. The panel as recited in claim 16, wherein the frame
portion has a rectangular shape.

32. A thin film diode panel for a liquid crystal display
device, comprising:

a pixel electrode formed on a substrate, the pixel electrode
including first and second contact portions; and

a data electrode line formed on the substrate, the data
electrode line including a plurality of branch elec-
trodes.

33. The thin film diode panel as recited in claim 32,
wherein the pixel electrode further includes a stem portion,
a plurality of upper branch portions and a plurality of lower
branch portions extending from the stem portion.

34. The thin film diode panel as recited in claim 33,
wherein the plurality of upper branch portions extend from
the stem portion at an angle ranging from about 7 degrees to
about 23 degrees with respect to an axis perpendicular to the
stem portion and the plurality of lower branch portions
extend from the stem portion at an angle ranging from about
-7 degrees to about =23 degrees with respect to the axis
perpendicular to the stem portion.

35. The thin film diode panel as recited in claim 34,
wherein the plurality of branch electrodes includes upper
and lower branch electrodes positioned parallel to the upper
and lower branch portions, respectively.

36. The thin film diode panel as recited in claim 35,
wherein each branch portion of the plurality of upper and
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lower branch portions is alternately disposed with a branch
electrode of the plurality of branch electrodes.

37. The thin film diode panel as recited in claim 335,
wherein:

an alignment layer is formed on the panel; and

the upper and lower branch portions and the upper and
lower branch electrodes are slanted against a rubbing
direction of the alignment layer.
38. The thin film diode panel as recited in claim 32,
wherein:

the pixel electrode further includes a first overlapping
portion extending from the stem portion and decreasing
in width in a direction away from the stem portion, and
a second overlapping portion extending from the stem
portion and increasing in width in the direction away
from the stem portion,

the data electrode line includes a first storage electrode
connected thereto and overlapping with the first over-
lapping portion to form a first storage capacitor; and

the data electrode line includes a second storage electrode

connected thereto and overlapping with the second

overlapping portion to form a second storage capacitor.

39. The thin film diode panel as recited in claim 32,
wherein:

the pixel electrode further includes a frame portion and a
branch portion extended from the frame portion,

the data electrode line includes a plurality of branch
electrodes; and

the frame portion, the branch portion and the branch
electrodes each include a plurality of adjacent bent
scctions.

40. The thin film diode panel as recited in claim 39,
wherein an angle of a bent section ranges from about 15
degrees to about 45 degrees with respect to an axis formed
by an adjacent bent section.

41. The thin film diode panel as recited in claim 39,
wherein each branch electrode of the plurality of branch
electrodes is disposed between the branch portion and the
frame portion.

42. The thin film diode panel as recited in claim 39,
wherein:

an alignment layer is formed on the panel; and

the frame portion, the branch portion and the branch
electrodes are slanted against a rubbing direction of the
alignment layer.
43. The thin film diode panel as recited in claim 32,
further comprising:

a first input electrode formed on the substrate adjacent the
first contact portion;

a second input electrode formed on the substrate adjacent
the second contact portion;

a first floating electrode formed on the substrate, wherein
the first floating electrode crosses the first input elec-
trode and the first contact portion; and

a second floating electrode formed on the substrate,
wherein the second floating electrode crosses the sec-
ond input electrode and the second contact portion.
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44. The thin film diode panel as recited in claim 32,
wherein:

the pixel electrode further includes a branch portion and
a frame portion, the branch portion and the first and
second contact portions extending from the frame por-
tion; and

the plurality of branch electrodes are aligned parallel to
the branch portion.
45. The thin film diode panel as recited in claim 32,
wherein:

the pixel electrode further includes a stem portion and a
plurality of branch portions extended from the stem
portion; and

the plurality of branch electrodes are aligned parallel to
the plurality of branch portions.
46. A method for manufacturing a panel of a liquid crystal
display, comprising:

forming a conductive material layer on a substrate and
photo-etching the conductive material layer to form a
pixel electrode including first and second contact por-
tions, a first input electrode adjacent the first contact
portion and a second input electrode adjacent the
second contact portion;

depositing a silicon nitride layer on the substrate and
photo-etching the silicon nitride layer to form a first
channel insulating layer on the first input electrode and
the first contact portion, and to form a second channel
insulating layer on the second input electrode and the
second contact portion;

depositing a metal layer on the substrate and photo-
etching the metal layer to form a first floating electrode
crossing the first input electrode and the first contact
portion, a second floating electrode crossing the second
input electrode and the second contact portion, and first
and second scanning signal lines;

depositing an insulating layer on the substrate and photo-
etching the insulating layer to form an inter-insulating
layer on the first and second floating electrodes, the
pixel electrode, the first and second input electrodes
and the first and second scanning signal lines; and

depositing a metal layer on the substrate and photo-
etching the metal layer to form a data electrode line on
the inter-insulating layer.

47. The method as recited in claim 46, wherein the first
scanning signal line is overlapped by a portion of the first
input electrode and the second scanning signal line is
overlapped by a portion of the second input electrode.

48. The method as recited in claim 46, wherein the pixel
electrode further includes a stem portion and a plurality of
branch portions extended from the stem portion and the data
electrode line includes a plurality of branch electrodes
aligned parallel to the plurality of branch portions.

49. The method as recited in claim 46, wherein:

the first channel insulating layer, the first floating elec-
trode, the first input electrode and the first contact
portion form a first MIM diode;

the second channel insulating layer, the second floating
electrode, the second input electrode and the second
contact portion form a second MIM diode; and
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the first and second MIM diodes are symmetrically con-
nected to the pixel electrode.
50. A method for manufacturing a panel of a liquid crystal
display, comprising:

forming a conductive material layer on a substrate and
photo-etching the conductive material layer to form a
pixel electrode including first and second contact por-
tions and an overlapping portion, a first input electrode
adjacent the first contact portion, a second input elec-
trode adjacent the second contact portion, and first and
second scanning signal lines;

depositing a silicon nitride layer on the substrate and
photo-etching the silicon nitride layer to form an insu-
lating layer on the first input electrode and the first
contact portion, and on the second input electrode and
the second contact portion; and

depositing a metal layer on the substrate and photo-
etching the metal layer to form a first floating electrode
crossing the first input electrode and the first contact
portion, a second floating electrode crossing the second
input electrode and the second contact portion, and a
data electrode line.

51. The method as recited in claim 50, wherein:

the insulating layer includes first and second channel
layers respectively formed on the first and second input
electrodes and the first and second contact portions; and

the first and second floating electrodes are respectively
formed on the first and second channel insulating
layers.

52. The method as recited in claim 50, wherein the first
input electrode branches out from the first scanning signal
line and the second input electrode branches out from the
second scanning signal line.

53. The method as recited in claim 50, wherein the pixel
electrode further includes a stem portion and a plurality of
branch portions extended from the stem portion and the data
electrode line includes a plurality of branch electrodes
aligned parallel to the plurality of branch portions.

54. The method as recited in claim 50, wherein:

the insulating layer is also formed on the overlapping
portion of the pixel electrode;

the data electrode line is formed on the insulating layer
and includes a storage electrode connected thereto; and

the insulating layer is disposed between the storage elec-
trode and the overlapping portion of the pixel electrode
to form a storage capacitor.
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55. The method as recited in claim 50, further comprising:

depositing a layer including an insulator on the substrate
and photo-etching the insulating layer to form an
inter-insulating layer on the overlapping portion of the
pixel electrode and on a portion of the first and second
scanning signal lines, wherein the data electrode line is
formed on the inter-insulating layer.

56. The method as recited in claim 50, wherein the
insulating layer is also formed on the first and second
scanning signal lines and on the overlapping portion of the
pixel electrode.

57. The method as recited in claim 56, wherein the
insulating layer varies in thickness.

58. The method as recited in claim 50, further comprising:
coating a photoresist film on the insulating layer; and

exposing the photoresist film to light through a mask
including a slit or lattice pattern or through a semi-
transparent film.

59. A liquid crystal display device, comprising:
a thin film diode panel, including:

a pixel electrode formed on a substrate, the pixel
electrode including a stem portion and a plurality of
branch portions extended from the stem portion; and

a data electrode line formed on the substrate, the data
electrode line including a plurality of branch elec-
trodes formed parallel to the plurality of branch
portions; and

a color filter panel positioned opposite the thin film diode
panel, wherein a gap is formed between the thin film
diode and color filter panels for housing a liquid crystal
layer in the gap.

60. The liquid crystal display device as recited in claim
59, wherein the plurality of branch portions extend in a
direction perpendicular to the stem portion and the plurality
of branch electrodes extend in a direction perpendicular to
the data electrode line.

61. The liquid crystal display device as recited in claim
59, wherein liquid crystal molecules of the liquid crystal
layer deposited in the gap are aligned to be parallel with the
plurality of branch portions and the plurality of branch
electrodes in the absence of an electric field between the thin
film diode and color filter panels.
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