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LIQUID CRYSTAL DISPLAY APPARATUS
HAVING DATA LINES WITH CURVED
PORTIONS AND METHOD

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application is a divisional application of application
Ser. No. 13/288,191. Move than one reissue application has
been filed for the reissue of U.S. Pat. No. 7,796,223, which
issued on Sep. 14, 2010. The more than one reissue appli-
cation is the present application Ser. No. 13/288,191, filed
on Nov. 3, 2011 and application Ser. No. 13/285,191, filed on
Nov. 3, 2011. This application claims priority to Korean
Patent Applications No. 2005-0019611, filed on Mar. 9,
2005 and No. 2005-0027108, filed on Mar. 31, 2005 1n the
Korean Intellectual Property Oflice, and all the benefits
accruing therefrom under 35 U.S.C. §119, and the contents
of which 1n their entirety are herein incorporated by refer-
ence.

BACKGROUND OF THE INVENTION

(a) Field of the Invention
The present invention relates to a liquid crystal display

apparatus.

(b) Description of the Related Art

A liquad crystal display (“LCD”) apparatus 1s one of the
most widely used flat panel display apparatuses. The LCD
apparatus includes two panels (e.g., a lower panel and an
upper panel) each having electric field generating electrodes,
such as pixel electrodes and a common electrode, and a
liguad crystal (“LC”) layer interposed therebetween. The
LCD apparatus displays an image by applying a voltage to
the electric field generating electrodes to generate an electric
field in the LC layer which determines alignment of LC
molecules 1n the LC layer to control polarization of incident
light.

Among such LCD apparatuses, a vertical alignmnent
(VA) mode LCD, which aligns LC molecules such that the
long axes of the LC molecules are perpendicular to the
panels 1n the absence of electric field, 1s spotlighted because
of the high contrast ratio and wide reference viewing angle
obtained with the VA mode LCD. Here, the reference
viewing angle means a viewing angle having a contrast ratio
of 1:10 or an eflective angle 1n mnversion of brightness
between grayscales.

The wide viewing angle of the VA mode LCD can be
realized by protrusions on and/or cut portions in the field-
generating electrodes. Since the direction 1n which the liqud
crystal molecules are tilted can be determined by the use of
the cut portions and the protrusions, the reference viewing
angle can be widened by variously arranging the cut portions
and the protrusions to distribute the tilt direction of the liquid
crystal molecules in various directions.

However, the VA mode LCD has poor lateral visibility as
compared with front visibility. For example, 1n a case of an
LCD apparatus with a patterned vertical alignment (“PVA”)
mode having the cut portions, an 1mage becomes brighter at
the sides thereof, and in some cases the difference 1n
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brightness between high grayscales may disappear making
the profile of the 1image vague.

To improve the lateral visibility, a conventional method
includes dividing a pixel mto two sub-pixels capacitively
coupled to each other. One of the two sub-pixels 1s directly
supplied with a voltage, while the other 1s subjected to a
voltage drop by the capacitive coupling such that the two
sub-pixels have diflerent voltages, and therefore, cause
different transmittances of light incident on the LC layer.

However, the conventional method may not control the
transmittances of the two sub-pixels. In a high resolution
LCD apparatus, one horizontal period (1 H) 1s shortened 1n
the conventional method, so that a charging margin of pixels
1s reduced. In addition, when a frame frequency increases,
for example when the frame frequency 1s 120 Hz, the one
horizontal period (1 H) 1s extremely short, such that the
image signal cannot be displayed.

In addition, if the two divided sub-pixels have openings
having different shapes, optical characteristics at front and
side surfaces are different from each other and thus deterio-
ration 1n 1mage quality results.

BRIEF SUMMARY OF THE INVENTION

The present mvention provides a liquid crystal display
apparatus capable of improving side or lateral visibility,
increasing a charging rate of pixels even at high resolution
and high frame frequency and preventing deterioration 1in
image quality.

According to an exemplary embodiment of the present
invention, a liquid crystal display apparatus comprises: a
plurality of data lines having a plurality of straight line
portions and a plurality of curved portions connected to a
plurality of straight line portions, a plurality of gate lines
intersecting the data lines, thin film transistors connected to
the data lines and the gate lines, and pixel electrodes
connected to the thin film transistors, wherein the straight
line portions and the curved portions for each data line are
disposed substantially in the same line.

In the above exemplary embodiment of the present inven-
tion, channels of the thin film transistors may be disposed in
extension lines of the straight line portions of the data lines.

In addition, the curved portions may constitute source
clectrodes of the thin film transistors. The liquid crystal
display apparatus may further comprise drain electrodes
connected to the pixel electrodes, wherein the curved por-
tions surround ends of the drain electrodes.

The drain electrodes may be located at the same positions
in the pixels, or may be symmetrically disposed.

The curved portions may be formed to have a U-shape,
and the curved portions may have inlets which open 1n
opposite directions every alternate pixel row.

The liqud crystal display apparatus may further comprise
shielding electrodes which cover the straight line portions of
the data lines and at least partially overlap the curved
portions of the data lines.

In addition, the thin film transistors of different pixel rows
may be connected to the data lines of different sides, and
may be connected to the data lines of diflerent sides every
alternate pixel row.

Polarities of the data voltages of the adjacent data lines
may be opposite to each other, or polarities of the data
voltages of the data lines may be equal to each other.

Each of the pixel electrodes may have at least one cut
portion, and each of the pixel electrodes may include a first
sub-pixel electrode connected to the drain electrode and a
second sub-pixel electrode capacitively-coupled with the
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first sub-pixel electrode. A voltage charged 1n the first
sub-pixel electrode 1s larger than a voltage charged 1n the

second sub-pixel electrode.

According to another exemplary embodiment of the pres-
ent mvention, a liquid crystal display apparatus comprises:
a plurality of data lines each having a plurality of first
straight line portions, a plurality of second straight line
portions alternately disposed with the first straight line
portions, and first and second curved portions alternately
connected between the first and second straight line por-
tions; a plurality of pairs of first and second gate lines
intersecting the data lines; a plurality of pairs of first and
second thin film transistors connected to the data lines and
the first and second gate lines, respectively; and a plurality
of pixel electrodes connected to the first and second thin film
transistors.

In the above exemplary embodiment of the present inven-
tion, magnitudes of first and second data voltages applied to
the first and second sub-pixel electrodes, respectively, may
be different from each other, and may be obtamned from
single 1mage information.

The first and second straight line portions and the first and
second curved portions for each data line may be disposed
substantially in the same line, and channels of the first and
second thin film transistors may be disposed in extension
lines of the first and second straight line portions of the data
lines.

In addition, the liquid crystal display apparatus may
turther comprise first and second drain electrodes connected
to the first and second sub-pixel electrodes, respectively,
wherein the first and second curved portions surround ends
of the first and second drain electrodes, respectively.

In addition, the first and second drain electrodes may be
located substantially at the same positions relative to each
pixel, or may be symmetrically disposed 1n a pixel array. The
first and second thin film transistors may be connected to the
data lines of diflerent sides every alternate pixel row.

According to still another exemplary embodiment of the
present invention, a liquid crystal display apparatus com-
prises: a plurality of pixels arrayed 1n a matrix and having
pixel electrodes; a plurality of gate lines connected to the
pixels and having a plurality of gate electrodes; a plurality
of data lines intersecting the gate lines and having a plurality
of source electrodes; and a plurality of drain electrodes
facing the respective source electrodes and connected to the
respective pixel electrodes, wherein switching devices con-
structed with the gate, source and drain electrodes are
disposed at different positions, and wherein openings of the
pixels have substantially the same shape.

In the above exemplary embodiment of the present inven-
tion, the gate lines may include dummy gate electrodes
having substantially the same shape as the gate electrodes.

In addition, the liqmd crystal display apparatus may
turther include dummy drain electrodes which are located at
the same positions 1n each pixel as the drain electrodes or
symmetrically disposed 1n a pixel array. Two pixels may be
disposed between the adjacent two data lines, the switching
devices and the data lines may be disposed substantially 1n
the same line, and the adjacent source electrodes may be
oriented 1n different directions with respect to the data lines.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the
present invention will become more apparent by describing,
in detail exemplary embodiments thereof with reference to
the attached drawings, 1n which:

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 1 1s a block diagram showing an exemplary embodi-
ment of a liquad crystal display apparatus according to the
present 1nvention;

FIG. 2 1s an equivalent schematic circuit diagram showing,
an exemplary embodiment of a pixel of the liguid crystal
display apparatus according to the present invention;

FIG. 3 1s a schematic plan view showing an exemplary
embodiment of a switching device array and polarity of
pixels 1n the liquid crystal display apparatus according to the
present 1nvention;

FIG. 4 1s a plan view showing a layout of an exemplary
embodiment of a thin film transistor panel for a liquid crystal
display apparatus according to the present invention;

FIG. 5 1s a plan view showing a layout of an exemplary
embodiment of a common electrode panel for a liquid
crystal display apparatus according to the present invention;

FIG. 6 1s a plan view showing a layout of a liquid crystal
display apparatus constructed with the thin film transistor
panel of FIG. 4 and the common electrode panel of FIG. 5;

FIGS. 7 and 8 are cross-sectional views showing the
liquad crystal display apparatus taken along lines VII-VII'
and VIII-VIII' of FIG. 6, respectively;

FIG. 9 1s an equivalent schematic circuit diagram showing,
another exemplary embodiment of a pixel of a liquad crystal
display apparatus according to the present invention;

FIG. 10 1s a schematic plan view showing another exem-
plary embodiment of a switching device array and polarity
of pixels 1n the liquid crystal display apparatus according to
the present invention;

FIG. 11 1s a plan view showing another exemplary
embodiment of a layout of the liquid crystal display appa-
ratus according to the present invention;

FIG. 12 1s a cross-sectional view showing the liquid
crystal display apparatus taken along line XII-XII' of FIG.
11;

FIG. 13 1s a plan view showing a layout of some layers of
the liquid crystal display apparatus of FIG. 11;

FIGS. 14A to 14C are block diagrams of another exem-

plary embodiment of a liqud crystal display apparatus
according to the present invention;

FIG. 15 1s an equivalent schematic circuit diagram show-
ing another exemplary embodiment of a pixel of the liquid
crystal display apparatus according to the present invention;

FIG. 16 1s a schematic plan view showing an exemplary
embodiment of a switching device array and polarity of
pixels 1n the liquid crystal display apparatus according to the
present 1nvention;

FIG. 17 1s a plan view showing a layout of another
exemplary embodiment of a liquid crystal display apparatus
according to the present ivention;

FIG. 18 1s a cross-sectional view showing the liquid
crystal display apparatus taken along line XVIII-XVIII' of
FIG. 17;

FIG. 19 1s a plan view showing a layout of some layers of
the liquad crystal display apparatus of FIG. 17;

FIG. 20 1s a block diagram showing another exemplary
embodiment of a liquid crystal display apparatus according
to the present 1vention;

FIGS. 21 and 22 are plan views showing an exemplary
embodiment of a pixel array of the liquid crystal display
apparatus according to the present ivention;

FIG. 23 1s a plan view showing a layout of another
exemplary embodiment of a thin film transistor display
panel of a liquid crystal display panel assembly according to
the present invention;
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FIG. 24 1s a plan view showing a layout of another
exemplary embodiment of a common electrode panel of a

liquad crystal display panel assembly according to the pres-
ent 1nvention;

FIG. 25 1s a plan view showing a layout of the liquid
crystal display panel assembly constructed with the thin film
transistor display panel of FIG. 23 and the common elec-
trode panel of FIG. 24;

FIG. 26 1s a cross-sectional view showing the liquid
crystal display apparatus taken along line XXVI-XXVT' of
FI1G. 25; and

FIG. 27 1s a plan view showing a layout of a pixel array
of the liquid crystal display panel assembly of FIG. 25.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

The mmvention now will be described more fully herein-
alter with reference to the accompanying drawings, 1n which
embodiments of the invention are shown. This invention
may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set
torth 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 1n the art.
Like reference numerals refer to like elements throughout.

It will be understood that when an element 1s referred to
as being “on’” another element, 1t can be directly on the other
clement or intervening elements may be present therebe-
tween. In contrast, when an element 1s referred to as being
“directly on” another element, there are no intervening
clements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

It will be understood that, although the terms first, second,
third etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could
be termed a second element, component, region, layer or
section without departing from the teachings of the present
invention.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” and/or
“comprising,” or “includes” and/or “including” when used
in this specification, specily the presence of stated features,
regions, integers, steps, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of one
or more other features, regions, integers, steps, operations,
clements, components, and/or groups thereof.

Furthermore, relative terms, such as “lower” or “bottom”
and “upper” or “top,” may be used herein to describe one
clement’s relationship to another elements as 1llustrated 1n
the Figures. It will be understood that relative terms are
intended to encompass different orientations of the device 1n
addition to the onentation depicted in the Figures. For
example, 1f the device 1n one of the figures 1s turned over,
clements described as being on the “lower” side of other
clements would then be oriented on “upper” sides of the
other elements. The exemplary term “lower”, can therefore,

10

15

20

25

30

35

40

45

50

55

60

65

6

encompasses both an orientation of “lower” and “upper,”
depending of the particular orientation of the figure. Simi-
larly, 11 the device 1 one of the figures 1s turned over,
clements described as “below” or “beneath” other elements
would then be oriented “above” the other elements. The
exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this mnvention belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and the present disclosure, and will not be interpreted 1n
an 1dealized or overly formal sense unless expressly so
defined herein.

Embodiments of the present mmvention are described
herein with reference to cross section illustrations that are
schematic 1llustrations of idealized embodiments of the
present mnvention. As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
embodiments of the present invention should not be con-
strued as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region 1llustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are 1llustrated may be rounded. Thus, the regions 1llustrated
in the figures are schematic 1n nature and their shapes are not
intended to illustrate the precise shape of a region and are
not intended to limit the scope of the present invention.

Now, an exemplary embodiment of a liquid crystal dis-
play apparatus according to the present invention will be
described with reference to accompanying drawings.

FIG. 1 1s a block diagram showing an exemplary embodi-
ment of a liquad crystal display apparatus according to the
present invention. FIG. 2 1s an equivalent circuit schematic
diagram showing an exemplary embodiment of a pixel of an
liguid crystal display apparatus according to the present
invention. FIG. 3 1s a schematic plan view showing an
exemplary embodiment of a switching device array and
polarity of pixels 1n a liqmd crystal display apparatus
according to the present ivention.

As shown 1 FIG. 1, the exemplary embodiment of the
liguad crystal display apparatus according to the present
invention includes a liquid crystal display panel assembly
300, a gate driver 400 and a data driver 500 connected to the
liquid crystal display panel assembly 300, a grayscale volt-
age generator 800 connected to the data driver 500, and a
signal controller 600 for controlling the components.

As seen 1n the equivalent circuit schematic diagram, the
liquid crystal display panel assembly 300 includes a plural-
ity of pixels PX, which are connected to a plurality of
display signal lines G, to G, and D, to D, and arrayed
substantially 1n a matrix.

The display signal lines G, to G, and D, to D_ include a
plurality of gate lines G, to GG, for transmitting gate signals
(sometimes referred to as scan signals) and a plurality of
data lines D, to D, for transmitting data signals. The gate
lines G, to GG, extend parallel to each other substantially 1n
a row direction, and the data lines D, to D, extend parallel
to each other substantially in a column direction.

Each pixel PX includes a switching device Q connected to
the display signal lines G, to G, and D, to D,_, a liqud
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crystal capacitor C, . connected to the switching device ()
and a storage capacitor C.,. The storage capacitor C., may
be omitted, as needed.

The switching devices Q such as thin film transistors are
disposed on a lower panel 100 and are three-port devices.
Control and mput ports of the switching device Q are
connected to the gate lines G,-G, and the data lines D, to
D ., respectively, and an output port thereot 1s connected to

the liguid crystal capacitor C, .~ and the storage capacitor
Cor

As best seen with reference to FIG. 2, two ports of the
liquid crystal capacitor C, ~ are a pixel electrode 190 of the
lower display panel 100 and a common electrode 270 of an
upper display panel 200. A liquid crystal layer 3 interposed
between the two electrodes 190 and 270 serves as a dielec-
tric member. The pixel electrode 190 1s connected to the
switching device Q, and the common electrode 270 1s
disposed 1n front of the upper display panel 200 to receive
a common voltage V__ . Unlike in FIG. 2, the common
clectrode 270 may be disposed at the lower display panel
100, and 1n this case, at least one of the two electrodes 190
and 270 may be formed 1n a shape of a line or bar.

The storage capacitor C.-having an auxiliary function for
the liquid crystal capacitor C, ~ 1s constructed by overlap-
ping the pixel electrode 190 and a separate signal line (not
shown) provided to the lower panel 100 with an nsulating
member interposed therebetween. A predetermined voltage,
such as a common voltage V___ . 1s applied to the separate
signal line. However, alternatively, the storage capacitor C...
may be constructed by overlapping the pixel electrode 190
and a front gate line disposed just above with an msulating
member interposed therebetween.

On the other hand, 1 order to implement color display,
cach of the pixels umiquely displays one of primary colors
(spatial division), or each of the pixels alternately displays
the primary colors according to time (time division). A
desired color can be obtained by a spatial or time combi-
nation of the primary colors. An example of the colors 1s
three colors such as red, green, and blue, and may also be
primary colors.

FIG. 2 show an example of the spatial division where each
pixel has a color filter 230 representing one of the three
colors 1n a region corresponding to the pixel electrode 190.

Unlike 1n FIG. 2, the color filter 230 may be provided
above or below the pixel electrode 190 of the lower display
panel 100.

As shown 1n FIG. 3, the positions of the switching devices
of the pixels PX in the liquid crystal display apparatus
according to the exemplary embodiment change every pixel
row. Namely, in the adjacent rows of pixels, the switching,
devices (Q are alternately connected to the data lines of the
different sides. Among the four pixel rows of pixels shown
in FIG. 3, the switching devices QQ of the uppermost pixel
row and the third pixel row are connected to the left data
lines, and on the contrary, the switching devices QQ of the
second pixel row and the fourth pixel row are connected to
the right data lines. In other words, the switching devices of
one pixel row are connected to one gate line, and the
switching devices of one pixel column are alternately con-
nected to the adjacent data lines.

Returming to FIG. 1, the grayscale voltage generator 800
generates two pairs of grayscale voltages associated with
transmittance of the pixels. One of the two pairs has a
positive value with reference to the common voltage V___ |
and the other has a negative value with reference to the
common voltage V__ .
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The gate driver 400 1s connected to the gate lines G, to
G, of the liquid crystal display panel assembly 300 to apply
gate signals (formed 1n a combination of a gate-on voltage
V,, and a gate-off voltage V- that are externally supplied)
to the gate lines G, to G,

The data driver 500 1s connected to the data lines D, to D
of the liquid crystal display panel assembly 300 to select
grayscale voltages from the grayscale voltage generator 800
and apply the selected grayscale voltages to the pixels as
data signals.

The gate driver 400 or the data driver 500 may be directly
mounted 1n a form of a plurality of driving IC chips on the
liquid crystal display panel assembly 300. Alternatively, the
gate driver 400 or the data driver 500 may be attached 1n a
form of a tape carrier package (““ITCP”) on a flexible printed
circuit (“FPC”) film (not shown) 1n the liquad crystal display
panel assembly 300. Further, the gate drivers 400 or the data
drivers 5300 may be directly mounted on the liquid crystal
display panel assembly 300.

The signal controller 600 controls operations of the gate
driver 400, the data driver 500, and the like.

Now, display operations of the liquid crystal display
apparatus will be described 1n detail.

The signal controller 600 receives mput image signals R,
G, and B and input control signals for controlling display
thereof from an external graphics controller (not shown). As
an example of the input control signals, a vertical synchro-
nization signal Vsync, a horizontal synchronization signal
Hsync, a main clock signal MCLK and a data enable signal
DE are received. The signal controller 600 processes the
image signals R, G and B according to an operating condi-
tion of the liquid display panel assembly 300 based on the
input control signals and the mput image signals R, G and
B to generate a gate control signal CONT1 and a data control
signal CONT2. After that, the signal controller 600 transmuits
the generated gate control signal CONT1 to the gate driver
400 and the generated data control signal CONT2 and the
processed 1image signal DAT to the data driver 500.

The gate control signal CONT1 includes a synchroniza-
tion start signal STV for indicating scan start of the gate-on
voltage V__ , at least one gate clock signal for controlling an
output of the gate-on voltage V_ , and the like.

The data control signal CONT2 includes a horizontal
synchronization start signal STH for indicating data trans-
mission for one pixel row, a load signal LOAD for com-
manding to apply the associated data voltages to the data
lines D, to D_, a reverse signal RVS for inverting a polarity
of the data voltage with respect to the common voltage V.
(heremaftter, “polarity of the data voltage with respect to the
common voltage V_.__"" 1s abbreviated to “data signal polar-
ity”’), and a data clock signal HCLK.

In response to the data control signal CONT2 from the
signal controller 600, the data driver 500 receives the 1mage
data DAT for one pixel row and selects the grayscale voltage
corresponding to each of the image data DAT from the
grayscale voltage generator 800 to convert the 1image data
DAT to the associated data voltages, and after that, applies
the data voltages to the data lines D, to D, .

In response to the gate control signal CONT1 from the
signal controller 600, the gate driver 400 applies the gate-on
voltage V_, to the gate lines G, to G, to turn on the switching
devices QQ connected to the gate lines G, to G,.. As a result,
the data voltages applied to the data lines D, to D _ are
applied to the associated pixels through the turned-on
switching devices Q.

A difference between the data voltage applied to the pixel
and the common voltage V___ becomes a charge voltage of
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the ligmd crystal capacitor C, ., that 1s, a pixel voltage.
Alignment of the liquid crystal molecules varies according
to the intensity of the pixel voltage. Therefore, polarization
of light passing through the liquid crystal layer 3 changes.
The change 1n the polarization results 1n a change 1n trans-
mittance of the light due to polarizers attached to the display
panels 100 and 200.

When one horizontal period (or 1 H, that 1s, one period of
the horizontal synchromization signal Hsync and the data
enable signal DE) elapses, the data driver 500 and the gate
driver 400 repeatedly perform the alorementioned operation
for the next pixel row. In this manner, during one frame, the
gate-on voltage V__ 1s sequentially applied to all the gate
lines G, to G, , so that the data voltages are applied to all the
pixels. When one frame ends, the next frame starts, and a
state of the reverse signal RVS applied to the data driver 500
1s controlled, so that the polarity of the data signal applied
to each of the pixels 1s opposite to the polarity in the
previous frame (“frame mmversion™).

Instead of the frame 1nversion, the data driver 500 inverts
the polarities of the data voltages applied to the adjacent data
lines D, to D_ 1n one frame, so that the polarities of the pixel
voltages of the pixels applied with the data voltages also
change. On the other hand, as shown 1n FIG. 3, since the
connection of the pixels with the data lines D1 to Dm
changes every pixel row, the polarity inversion pattern
(driver 1nversion pattern) of the pixel voltages 1n the data
driver 500 1s different from the polarity inversion pattern
(apparent inversion pattern) of the pixel voltages displayed
on a screen of the liquid crystal display panel assembly 300.
Namely, the driver inversion becomes column 1nversion, but
the apparent inversion becomes 1x1 dot mversion.

On the other hand, i1f the positions of the switching
devices QQ change every two pixel rows, the apparent inver-
sion becomes 2x1 dot mversion. Various types of mnversion
may be implemented according to the positions of the
switching devices Q.

In this way, 11 the apparent inversion becomes the dot
inversion, the brightness difference (caused by kick-back
voltages when the pixel voltage 1s a positive polarity and
when the pixel voltage 1s a negative polarity) 1s dispersed, so
that 1t 1s possible to eliminate transverse line flicker. In
addition, if the driver inversion becomes the column inver-
sion, the polarities of the data voltages applied to the data
lines D1 to Dm during one frame are equal to each other, so
that resolution or frame frequency increases. Accordingly,
even 1n a case where one horizontal period 1s shortened, 1t
1s possible to increase a charging rate of pixels.

Now, an example of the liquid crystal display apparatus
will be described 1n detail with reference to FIGS. 4 to 8.

FIG. 4 1s a plan view showing a layout of an exemplary
embodiment of a thin film transistor panel for a liquid crystal
display apparatus. FIG. 3 1s a plan view showing a layout of
an exemplary embodiment of a common electrode panel for
a liquid crystal display. FIG. 6 1s a plan view showing a
layout of a liquid crystal display apparatus constructed with
the thin film transistor panel of FIG. 4 and the common
clectrode panel of FIG. 5. FIGS. 7 and 8 are cross-sectional
views showing the liquid crystal display apparatus taken
along lines VII-VII' and VIII-VIII' of FIG. 6, respectively.

Referring to FIGS. 4 to 8, the liquid crystal display
apparatus according to the exemplary embodiment includes
a thin film transistor panel 100 and a common electrode
panel 200 which face each other. A liquid crystal layer 3 1s
interposed between the two panels 100 and 200.

First, the thin film transistor panel 100 will be described
in detail with reference to FIGS. 4 and 6 to 8.
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A plurality of gate lines 121 and a plurality of storage
clectrode lines 131 are disposed on a dielectric substrate 110
made of transparent glass or the like.

The gate lines 121 extend mainly 1n a longitudinal direc-
tion and separated from each other to transmit gate signals.
Each of the gate lines 121 includes a plurality of protrusions
constituting a plurality of gate electrodes 124 and an end
portion 129 having a wide area for connection to other layers
or external apparatuses.

The storage electrode lines 131 extend mainly 1n a lon-
gitudinal direction and include a plurality of protrusions
constituting storage electrodes 133. The storage electrodes
133 are substantially rectangular and have symmetry about
the storage electrode lines 131. A predetermined voltage
such as a common voltage applied to the common electrode
270 of the common electrode panel 200 of the liquid crystal
display apparatus 1s applied to the storage electrode line 131.

The gate lines 121 and the storage electrode lines 131 may
be made of an aluminum-based metal such as aluminum (Al)
and an aluminum alloy, a silver-based metal such as silver
(Ag) and a silver alloy, a copper-based metal such as copper
(Cu) and copper alloy, a molybdenum-based metal such as
molybdenum (Mo) and a molybdenum alloy, chromium
(Cr), titanium (T1), or tantalum (Ta), for example. However,
the gate lines 121 and the storage electrode lines 131 may
have a multi-layered structure including two conductive
layers (not shown) having diflerent physical properties. One
of the two conductive layers 1s made of a metal having low
resistivity, for example, an aluminum-based metal, a silver-
based metal, and a copper-based metal, 1n order to reduce
signal delay or voltage drop of the gate lines 121 and the
storage electrode lines 131. The other conductive layer 1s
made ol a material having good adhesive characteristics
with other materials, particularly ITO (indium tin oxide) and
[ZO (indium zinc oxide), such as a molybdenum-based
metal, chromium, titanium, and tantalum. A preferred
example of the combination includes a combination of a
lower chromium layer and an upper aluminum layer and a
combination of a lower aluminum layer and an upper
molybdenum layer. However, the gate lines 121 and the
storage electrode lines 131 may be made of various metals
and conductive matenals.

In addition, side surfaces of the gate lines 121 and the
storage electrode lines 131 are slanted or angled with respect
to a surface of the substrate 110, and it 1s preferable that the
slant angle 1s 1n a range of about 30° to about 80°.

A gate nsulating film 140 made of a silicon nitride SiN
or the like 1s formed on the gate lines 121 and the storage
clectrode lines 131.

A plurality of 1sland-shaped semiconductors 154 made of
a hydrogenated amorphous silicon (abbreviated to a-Si) are
formed on the gate electrodes 124 above the gate msulating
film 140.

A plurality of 1sland-shaped ohmic contact members 163
and 165 made of a silicide or an n+ hydrogenated amorphous
silicon or the like, which are doped with n-type impurities
such as phosphorus (P), are formed above the semiconduc-
tors 154. The ohmic contact members 163 and 163 constitute
pairs and are disposed on the semiconductors 154.

As seen 1n FIG. 7, side surfaces of the semiconductors 154
and the ohmic contact members 163 and 165 are also slanted
or angled with respect to the surface of the substrate 110, and
the slant angle 1s 1n a range of about 30° to about 80°.

A plurality of data lines 171 and a plurality of drain
clectrodes 175, which are separated from the plurality of
data lines 171, are formed on the ohmic contact members

163 and 165 and the gate insulating film 140.
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The data lines 171 extend mainly in the longitudinal
direction (see FIGS. 4 and 6) to apply the data voltages. The
data lines 171 include a plurality of straight line portions
172, a plurality of curved portions 173 connected between
the straight line portions 172, and end portions 179 having 5
an enlarged width for connection to other layers or external
apparatuses.

As best seen with reference to FIGS. 4 and 6, the straight
line portions 172 are aligned 1n a straight line to intersect the
storage electrode lines 131. The straight line portions 172 10
together with the curved portions 173 intersect the gate lines
121. The curved portions 173 are disposed on the semicon-
ductors 154 1n a shape of rotated U-letter by 90° clockwise
or counterclockwise (e.g., C-shaped) and constitute source
clectrodes. The straight line portions 172 are connected to 15
two branches of the U-shaped curved portions 173.

The drain electrodes 175 extend from a bar-shaped end
portion surrounded by the source electrode 173 in the
longitudinal and transverse directions, and have an enlarged
portion 177 having a wide area overlapping the storage 20
electrode 133, as best seen in FIG. 4.

One of the gate electrodes 124, one of the source elec-
trodes 173, and one of the drain electrodes 175 together with
one of the semiconductors 154 constitute one of the thin film
transistors (““I'F17) Q. Channels of the thin film transistors 25
Q are formed i the semiconductors 154 between the source
clectrodes 173 and the drain electrodes 175.

As described above, 1 order to form the apparent inver-
sion as the dot inversion, even 1n a case where the driver
inversion 1s the column 1nversion, the thin film transistors (Q 30
of one pixel column are alternately connected to the adjacent
data lines 171. The inlets of the source electrodes 173 of one
data line 171 are oriented alternately at the right and left
sides with respect to the data line 171.

In this way, the source electrodes 173 are disposed along 35
the extension line of the straight line portions 172 of the data
line 171, so that it 1s possible to increase the aperture ratio.

The data lines 171 and the drain electrodes 1735 are
preferably made of chromium, a molybdenum-based metal,
or a refractory metal such as tantalum and titanitum, and may 40
have a multi-layered structure. The multi-layered structure 1s
constructed with a lower layer (not shown) made of the
refractory metal and an upper layer (not shown) made of a
low resistance material disposed thereon. As an example of
the multi-layered structure, in addition to the aforemen- 45
tioned two-layered layer of a lower chromium or molybde-
num layer and an upper aluminum layer, a three-layered
structure comprises a molybdenum layer/an aluminum
layer/a molybdenum layer.

Similar to the gate lines 121 and the storage electrode line 50
131, the side surfaces of the data lines 171 and the drain
clectrodes 175 are also slanted or angled at an angle ranging
from about 30° to about 80°.

The ohmic contact members 163 and 165 are interposed
between the underlying semiconductors 154 and the over- 55
lying source electrodes 173 and drain electrodes 175, respec-
tively, and have a function of reducing contact resistance
therebetween. The semiconductors 154 have exposed por-
tions between the source electrodes 173 and the drain
clectrodes 175, and the exposed portions of the semicon- 60
ductors 154 are disposed along the extension line of the
straight line portions 172 of the data lines 171. On the other
hand, the semiconductors can be further provided at the
intersections between the gate lines 121 and the data lines
171, between the storage electrode lines 131 and the data 65
lines 171, and at the intersections between the drain elec-
trodes 175 and the storage electrodes 133. These semicon-
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ductors allow profiles at the intersections to become smooth,
so that disconnection between the data lines 171 and the
drain electrodes 175 can be prevented.

A protective film (passivation layer) 180 1s formed on the
data lines 171, the drain electrodes 175 and the exposed
portions of the semiconductors 154. The protective film 180
1s made of an inorganic material such as a silicon nitride and
a silicon oxide, an organic material having an excellent
planarization property and photosensitivity, and a low
dielectric-constant insulating material formed with plasma
enhanced chemical vapor deposition (“PECVD”) such as
a-S1:C:0 and a-S1:O:F. However, 1in order to make use of the
excellent properties of an orgamic film and protect the
exposed portions of the semiconductors 154, the protective
film 180 may have a two-layered structure of a lower
inorganic {ilm and an upper organic film.

In the protective film 180, a plurality of contact holes 182
and 185, which expose the enlarged portions 177 of the drain
clectrodes 175 and the end portions 179 of the data lines 171,
are formed. In the protective film 180 and the gate insulating
f1lm 140, a plurality of contact holes 181, which expose the
end portions 129 of the gate lines 121, are formed.

On the protective film 180, a plurality of the pixel
clectrodes 190, a plurality of shielding electrodes 88 and a
plurality of contact assistant members 81 and 82 are formed.
The pixel electrodes 190, the shielding electrodes 88 and the
contact assistant members 81 and 82 are made of a trans-
parent conductive material such as ITO and IZO or a
reflective conductive material such as aluminum.

The pixel electrodes 190 are physically and electrically
connected through the contact holes 1835 to the drain elec-
trodes 175 to receive data voltages from the drain electrodes
175.

The pixel electrodes 190 applied with the data voltages
together with the common electrode 270 generate an electric
field, so that alignment of the liquid crystal molecules of the
liguid crystal layer 3 between the two electrodes 190 and
270 can be determined.

As described above, the pixel electrodes 190 and the
common electrode 270 constitute the liquid crystal capaci-
tors C; ~ to sustain the applied voltages even when the thin
film transistors Q turn off. In order to increase the voltage
storage capability, the storage capacitors C.,connected 1n
parallel to the liqud crystal capacitors C, . are constructed

by overlapping the pixel electrodes 190 and the drain
clectrodes 175 connected thereto with the storage electrode
133.

Each of the pixel electrodes 190 has an outer boundary
shaped substantially as a rectangle. The pixel electrode 190
has central cut portions 91, upper cut portions 92a and 93a,
and lower cut portions 92b and 93b. The pixel electrode 190
1s divided into a plurality of domains by the cut portions 91
to 93b. The cut portions 91 to 93b have approximate
inversion symmetry with respect to the storage electrode line
131.

Retferring to FIGS. 4 and 6, the upper and lower cut
portions 92a and 92b extend in a slanted or angled direction
from the left side of the pixel electrodes 190 to the right side
thereol, and diverge toward each other. The upper and lower
cut portions 93a and 93b extend in a slanted or angled
direction from the upper and lower sides of the pixel
clectrodes 190 to the right side thereof, and also diverge
toward each other. The upper cut portions 92a and 93a and
the lower cut portions 92b and 93b are disposed 1n upper and
lower half regions, respectively, of the pixel electrode 190
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divided by the storage electrode 133, and make an angle of
about 45° with respect to the gate lines 121 to extend
perpendicular to each other.

The central cut portions 91 extend 1n a slanted or angled
direction from the storage electrode 133 to the left side, and
have a pair of slanted branches which are substantially
parallel to the upper cut portion 92a and 93a and the lower
cut portions 92b and 93b. The central cut portions 91 also
make an angle of about 45° with respect to the gate lines 121
and the central cut portions 91 also extend perpendicular to
cach other.

Accordingly, each of the upper and lower half regions of
the pixel electrodes 190 1s divided mto four domains by the
cut portions 91 to 93b. Here, the number of domains or the
number of cut portions may vary according to a size of a
pixel, an aspect ratio of the pixel electrodes 190, a type or
characteristics of the liquid crystal layer 3 or other design
factors.

The pixel electrode 190 overlaps the adjacent gate lines
121, thus increasing an aperture ratio thereof.

The shielding electrodes 88 extend along the data lines
171 and gate lines 121. Portions of the shielding electrodes
88 disposed over the data lines 171 cover the entire portions
of the straight line portions 172 of the data lines 171, and
most of the curved portions 173 thereol. Theretfore, the
shielding electrodes 88 cover most areas of the thin film
transistors QQ, and particularly, they substantially cover most
arcas ol the exposed portions of the semiconductors 154.
The portions of the shielding electrodes 88 disposed over the
gate lines 121 have a smaller width than widths of the gate
lines 121 and are disposed within boundaries of the gate
lines 121. The straight line portions 172 of the data lines 171
disposed between the two adjacent pixel electrodes 190 are
entirely covered with the shielding electrodes 88. However,
the widths thereof may be adjusted to be smaller than those
of the straight line portions 172 of the data lines 171, and
boundary lines thereol may be located outside the bound-
aries of the gate lines 121. In order to apply a common
voltage to the shielding electrodes 88, the shielding elec-
trodes 88 may be connected through contact holes (not
shown) of the protective film 180 and the gate insulating film
140 to the storage electrode line 131 or a short point (not
shown) through which the common voltage 1s transmitted
from the thin film transistor panel 100 to the common
clectrode panel 200. Here, 1t 1s preferable that a distance
between the shielding electrode 88 and the pixel electrode
190 1s minimized in order to minimize a decrease in the
aperture ratio.

In this manner, 1f the shuelding electrodes 88 applied with
the common voltage are disposed over the data lines 171, the
shielding electrodes 88 shield the electric field generated
between the data lines 171 and the pixel electrodes 190 and
between the data lines 171 and the common electrode 270,
thereby reducing voltage distortion of the pixel electrodes
190 and signal delay and distortion of data voltage trans-
mitted by the data lines 171.

In addition, since the pixel electrodes 190 and the shield-
ing electrodes 88 are separated from each other by a distance
in order to prevent a short-circuit therebetween, the pixel
clectrodes 190 can be further separated from the data lines
171, thus reducing parasitic capacitance therebetween. In
addition, since permittivity of the liquid crystal layer 3 1is
higher than that of the protective film 180, a parasitic
capacitance between the data lines 171 and the shielding
clectrodes 88 1s not much higher than the parasitic capaci-
tance between the data lines 171 and common electrode 270
in a case where the shielding electrode 180 1s not provided.
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Further, since the pixel electrodes 190 and the shielding
clectrodes 88 are constructed at the same layer, the distance
therebetween can be uniformly maintained, so that the
parasitic capacitance therebetween 1s uniform.

However, the shielding electrodes 88 may be omitted as
needed.

The contact assistant members 81 and 82 are connected
through the contact holes 181 and 182 to the end portions
129 of the gate lines 121 and the end portions 179 of the data
lines 171, respectively. The contact assistant members 81
and 82 have a function of compensating for adhesiveness of
the exposed end portions 129 of the gate lines 121 and the
exposed end portions 179 of the data lines 171 to external
apparatuses and a function of protecting these portions.

On the pixel electrodes 190, the contact assistant mem-
bers 81 and 82 and the protective film 180, an alignment film
11 for aligning the liquid crystal layer 3 1s coated. The
alignment film 11 may be a vertical alignment {ilm.

Now, the common electrode panel 200 will be described
with reference to FIGS. 5 to 8.

A light-shielding member 220 for preventing light leak-
age, which 1s called a black matrix, 1s formed on a dielectric
substrate 210 made of a transparent glass or the like (FIG.
7). The light-shielding member 220 includes a plurality of
opening portions 2235 which face the pixel electrodes 190
and have substantially the same shape as the pixel electrodes
190. Alternatively, the light-shielding member 220 may be
constructed with portions corresponding to the data lines
171 and portions corresponding to the thin film transistors Q.
However, the light-shielding member 220 may have various
shapes 1n order to shield the light leakage 1n a vicinity of the
pixel electrodes 190 and the thin film transistors Q.

A plurality of color filters 230 are formed on the substrate
210. The color filters 230 are disposed 1n most regions
surrounded by the light-shielding member 220, and extend
along the pixel electrodes 190 1n the transverse direction.
The color filters 230 can display one of three colors such as
red, green and blue, including primary colors.

A cover 11lm 250 1s formed on the color filters 230 and the
light-shielding member 220 1n order to prevent the color
filters 230 from being exposed and to provide a planarized
surface. A common electrode 270 made of a transparent
conductive material such as ITO and IZ0 1s formed on the
cover film 250.

As best seen with reference to FIG. 5, the common
clectrode 270 1ncludes a plurality of pairs of cut portions 71
to 74b. A pair of the cut portions 71 to 74b faces one of the
pixel electrodes 190 and includes central cut portions 71 and
72, upper cut portions 73a and 74a, and lower cut portions
73b and 74b. The cut portions 71 to 74b are disposed
between the adjacent cut portions 91 to 93b of the pixel
clectrode 190 and edge cut portions 93a and 93b and the
sides of the pixel electrode 190 (FIG. 6). In addition, each
of the cut portions 71 to 74b 1ncludes at least one slanted or
angled portion which extends 1n parallel to the respective cut
portions 91 to 93b of the pixel electrodes 190.

Each of the upper and lower cut portions 73a to 74b
includes a slanted or angled portion which extends from the
right side of the pixel electrode 190 and toward the lower or
upper side thereof, and longitudinal and transverse portions
which extend from the ends of the slanted or angled portion
along the sides of the pixel electrode 190 with an obtuse
angle with respect to the slanted or angled portion and
overlaps the sides of the pixel electrode 190 (see FIGS. 5 and
6).

The central cut portion 71 includes a pair of slanted or
angled portions which extend from the storage electrode 133
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and toward the left side of the pixel electrode 190 with an
slanted angle with respect to the storage electrode 133.
Distal longitudinal portions which extend from the ends of
the slanted or angled portions along the left sides of the pixel
clectrode 190 forming an obtuse angle with respect to the
slanted or angled portions and overlap the left side of the
pixel electrode 190. The central cut portion 72 includes a
longitudinal portion which extends along the right side of
the pixel electrode 190 and overlaps the right side of the
pixel electrode 190. A pair of slanted or angled portions
extend from the ends of the longitudinal portion toward the
left side of the pixel electrode 190, and distal longitudinal
portions extend from the ends of the slanted or angled
portions along the left side of the pixel electrode 190
forming an obtuse angle with respect to the slanted or angled
portions and overlaps the lett side of the pixel electrode 190.

The number of the cut portions 71 to 74b may vary
according to the design factors, and the light-shielding
member 220 overlaps the cut portions 71 to 74b to shield
light leakage 1in a vicinity of the cut portions 71 to 74b, as
best seen 1 FIG. 7.

Since the same common voltage 1s applied to the common
clectrode 270 and the shielding electrodes 88, no electric
field 1s generated therebetween. Accordingly, the liquid
crystal molecules disposed between the common electrode
270 and the shielding electrodes 88 maintain an iitial
vertically aligned state, so that light incident to these regions
cannot be transmitted and 1s shielded.

An alignment film 21 for aligning the liquid crystal layer
3 1s coated on the common electrode 270 and the cover film
250. The alignment film 21 may be a vertical alignment film.

Polarizing plates 12 and 22 are provided on outer surfaces
of the panels 100 and 200. Transmitting axes ol the two
polarizing plates 12 and 22 are perpendicular to each other,
and one of the transmitting axes (or absorbing axes) 1s 1n
parallel to the longitudinal direction. In the case of a
reflective type of liquid crystal display apparatus, one of the
two polarizing plates 12 and 22 may be omitted.

The liquid crystal layer 3 has negative anisotropic per-
mittivity, and the liquid crystal molecules of the liquid
crystal layer 3 are aligned such that major axes thereotf are
perpendicular to the surfaces of the two panels when no
clectric field 1s applied to the liquid crystal molecules.

When the common voltage and the data voltage are
applied to the common electrode 270 and the pixel elec-
trodes 190, an electric field 1s generated in a direction
substantially perpendicular to the surfaces of the panels 100
and 200. The cut portions 91 to 93b and 71 to 74b of the
clectrodes 190 and 270, respectively, distort the electric field
to generate a horizontal component, which 1s perpendicular
to the sides of the cut portions 91 to 93b and 71 to 74b.

Accordingly, the electric field 1s oriented 1n a direction
that 1s slanted or angled with respect to a direction perpen-
dicular to the surfaces of the panels 100 and 200.

In response to the electric field, the liquid crystal mol-
ecules have a tendency to change the major axis direction to
be perpendicular to the direction of the electric field. At this
time, since the electric field 1n a vicinity of the cut portions
91 to 93b and 71 to 74b and the sides of the pixel electrode
190 has a predetermined angle which 1s not in parallel to the
major axis direction of the liquid crystal molecules, the
liquid crystal molecules rotate in such a direction that the
moving distance on the surface formed by the major axis
direction of the liquid crystal molecules and the electric field
1s short. Therefore, one group of the cut portions 91 to 93b
and 71 to 74b and the sides of the pixel electrode 190 divide

the region of the liquid crystal layer 3 located on the pixel
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clectrode 190 into a plurality of domains where the liquid
crystal molecules have different tilted angles, thus making 1t
1s possible to increase a reference viewing angle.

At least one of the cut portions 91 to 93b and 71 to 74b
may be replaced with protrusions or recessed portions, and
the shape and arrangement of the cut portions 91 to 93b and

71 to 74b may be modified.

Now, another exemplary embodiment of a liquid crystal
display apparatus according to the present invention will be
described 1n detail with reference to FIGS. 9 and 10.

FIG. 9 1s an equivalent circuit schematic diagram showing,
another exemplary embodiment of a pixel of a liquid crystal
display apparatus according to the present mnvention. FIG.
10 1s a schematic plan view showing another exemplary
embodiment of a switching device array and polarity of
pixels 1n the liquid crystal display apparatus according to the
present invention.

Similar to the atorementioned liquid crystal display appa-
ratus, the liqud crystal display apparatus according to the
present alternative exemplary embodiment of the present
invention includes a liquid crystal display panel assembly
300, a gate driver 400, a data driver 500, a signal controller
600, and the like. The liquid crystal display panel assembly
300 includes a plurality of gate lines G, to G, , a plurality of
data lines D, to D_. and a plurality of pixels. Therelore,
description of the same components as the above-described
ones 1s omitted, and only the diflferent components are
described in detail herein below.

As shown i FIG. 9, each pixel of the liquid crystal
display apparatus according to the embodiment includes a
switching device Q connected to gate lines G, to G, and data
lines D1 to D_, a first liquid crystal capacitor C, -, and a
storage capacitor C. connected thereto, a coupling capaci-
tor C ., connected to the first liquid crystal capacitor C, .,
and a second liquid capacitor C, ., connected thereto. The
storage capacitor C.,- may be omitted as needed.

Two ports of each of the first and second liquid crystal
capacitors C,._ and C, ., are first and second sub-pixel
clectrodes 190a and 190b, respectively, of the lower display
panel 100 and a common electrode 270 of the upper display
panel 200. The liguid crystal layer 3 interposed between the
two electrodes 190a/190b and 270 serves as a dielectric
member. The first sub-pixel electrode 190a 1s connected to
the switching device (Q, and the coupling capacitor C ., 1s
formed between the first and second sub-pixel electrodes
190a and 190b.

The first sub-pixel electrode 190a 1s applied with the data
voltage through the switching device Q, but the second
sub-pixel electrode 190b 1s capacitively-coupled with the
first sub-pixel electrode 190a through the coupling capacitor
Cp s0 as to be applied with a voltage. In the liqud crystal
display apparatus according to the present alternative exem-
plary embodiment, the voltage of the second sub-pixel
clectrode 190b 1s always lower than that of the voltage of the
first sub-pixel electrode 190a. Namely, assuming that the
voltages of the first and second sub-pixel electrodes 190a
and 190b with respect to a voltage of the common electrode
270 are denoted by Va and Vb, respectively, the following
equation 1s obtained according to the voltage division rule.

Vb=Va’ [Cp/(Cp+Cr )]

Here, since C ./ (C-»+C; ;) 1s always lower than 1, Vb
1s always lower than Va.

In this way, the two sub-pixel electrodes 190a and 190b
are provided within one pixel, and the coupling capacitor
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Cp 1s disposed between the sub-pixel electrodes 190a and
190b, so that these sub-pixel electrodes can be charged with
different voltages.

Accordingly, a side gamma curve can be close to a front
gamma curve due to the two sub-pixel electrodes 190a and
190b by adjusting the coupling capacitor C., or the like,

thus making 1t 1s possible to improve lateral or side visibility.

On the other hand, similar to the above-described embodi-
ment, as shown in FIG. 10, the positions of the switching
devices Q of the pixels PX 1n the liqud crystal display
apparatus according to the present alternative exemplary
embodiment change every pixel row. Namely, in the adja-
cent rows of pixels, the switching devices (Q are alternately
connected to the data lines of the diflerent sides. Among the
four pixel rows of pixels shown 1n FIG. 10, the switching
devices Q of the uppermost pixel row and the third pixel row
are connected to the left data lines, and on the contrary, the
switching devices Q of the second pixel row and the fourth
pixel row are connected to the right data lines. Therefore, the
driver inversion becomes column mversion, but the apparent
inversion becomes 1x1 dot inversion.

Accordingly, 1t 1s possible to eliminate transverse line
tlicker. In addition, 1t 1s possible to increase a charging rate
of pixels.

Now, an example of the liquid crystal display apparatus
will be described 1n detail with reference to FIGS. 11 to 13.

FIG. 11 1s a plan view showing a layout of another
exemplary embodiment of a liquid crystal display apparatus
according to the present mmvention. FIG. 12 1s a cross-
sectional view showing the liquid crystal display apparatus
taken along line XII-XII' of FIG. 11. FIG. 13 is a plan view
showing a layout of some layers of the liquid crystal display
apparatus of FIG. 11.

As shown 1 FIGS. 11 to 12, since a layered structure of
the liquid crystal display apparatus according to the present
exemplary embodiment 1s substantially the same as the
layered structure of the liquid crystal display apparatus
shown 1 FIGS. 4 to 8, description of the same components
1s omitted, but only the different components are described
herein below.

First, in the thin film transistor panel 100, a plurality of
gate lines 121 including a plurality of gate electrodes 124, a
plurality of pairs of storage electrode lines 131p and 131q,
and a plurality of coupling electrodes 126 are formed on a
dielectric substrate 110 (see FIG. 12).

The storage electrode lines 131p and 1319 extend mainly
in a transverse direction (FIGS. 11 and 13), and include a
plurality of storage electrodes 133p and 133q which extend
from the storage electrode lines 131p and 131q in up and
down directions thereof providing a wide area. The storage
clectrodes 133p and 133q further include protrusions which
protrude 1 down and up directions, respectively (see FIGS.
11 and 13).

The coupling electrodes 126 are separated by a predeter-
mined interval between the storage electrode lines 131p and
131qg, and are also separated from the gate lines 121. The
coupling electrodes 126 are substantially rectangularly
shaped, but the shape thereof can be diflerent.

A gate msulating film 140, a plurality of semiconductors
154 and 156, and a plurality of island-shaped ohmic contact
members 163 and 165 are sequentially formed on the gate
lines 121, the storage electrode lines 131p and 131q, and the
coupling electrodes 126.

A plurality of data lines 171 and a plurality of drain
clectrodes 175 are formed on the ohmic contact members

163 and 165 and the gate insulating film 140.
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As best seen with reference to FIGS. 12 and 3, each of the
data lines 171 includes a plurality of straight line portions
172, a plurality of curved portions 173 constituting source
clectrodes, and an end portion 179 having a wide area.

Each of the drain electrodes 175 includes enlarged por-
tions 177p, 177q, and 176, which overlap with the storage
clectrodes 133p and 1339 and the coupling electrodes 126,
respectively. In addition, each of the drain electrodes 175
includes longitudinal portions 174p and 174q, which are
connected between the enlarged portions 177p and 177g and
the enlarged portion 176, respectively (FIG. 11).

Referring to FIG. 12, the enlarged portion 176 of the drain
clectrode 175 has an opening 178. The semiconductors 156
are formed at intersections between the storage electrode
lines 131p and 131qg and the data lines 171 and at intersec-
tions between the storage electrodes 133p and 133q, the
coupling electrodes 126, and the drain electrodes 175.

A protective film 180 1s formed on the data lines 171, the
drain electrodes 175 and exposed portions of the semicon-
ductors 154. In the protective film 180, a plurality of contact
holes 182, 185p, and 185g which expose the end portions
179 of the data lines 171 and the enlarged portions 177p and
177q of the drain electrodes 175 are formed, and in the
protective film 180 and the gate insulating film 140, a
plurality of contact holes 181 and 186 which expose the end
portions 129 of the gate lines 121 and the coupling elec-
trodes 126 are formed.

On the protective film 180, a plurality of the pixel
clectrodes 190 including the first and second sub-pixel
clectrodes 190a and 190b, the shielding electrodes 88, and a
plurality of the contact assistant members 81 and 82 are
formed.

As best seen with reference to FIG. 11, the first sub-pixel
clectrode 190a 1ncludes trapezoidal portions 190p and 190q,
which are disposed 1n upper and lower half regions of the
pixel with respect to the coupling electrode 126 and are
symmetrically separated from each other. The trapezoidal
portions 190p and 190q of the first sub-pixel electrode 190a
are physically and electrically connected through the contact
holes 185p and 185q to the enlarged portions 177p and 177q
of the drain electrode 175, so that the first sub-pixel elec-
trode 190a 1s applied with the data voltage from the drain
clectrode 1735. The first pixel electrode 190a applied with the
data voltage together with the common electrode 270 gen-
erates an electric field, and as described above with refer-
ence to FIG. 9, the two electrodes 190a and 270 constitute
the first liquid crystal capacitor C, . .

The coupling capacitor C - 1s constructed by overlapping
the enlarged portion 176 of the drain electrode 175 and the
coupling electrode 126. The coupling capacitor C -, trans-
mits a voltage lower than the data voltage from the drain
clectrode 175 to the coupling electrode 126.

The second sub-pixel electrode 190b 1s physically and
clectrically connected through the contact hole 186 to the
coupling electrode 126, so that the second sub-pixel elec-
trode 190b 1s applied with a voltage lower than the data
voltage from the coupling electrode 126. The second sub-
pixel electrode 190b applied with such a voltage together
with the common electrode 270 generates an electric field,
and the two electrodes 190b and 270 constitute the second
liquid crystal capacitor C, .

A pair of the first and second sub-pixel electrodes 190a
and 190b constituting the pixel electrode 190 face each other
with gaps 94p and 94q mterposed therebetween. An outer
boundary of the pixel electrode 190 1s substantially rectan-
gularly shaped. The right sides of the trapezoidal portions
190p and 190q of the first sub-pixel electrode 190a are
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longer than the lett sides thereof, and each of the trapezoidal
portions 190p and 1909 have slanted sides forming an angle
of about 45° with respect to the gate line 121. The second
sub-pixel electrode 190b has a shape of a rotated equilateral
trapezoid, which has a left side longer than a right side and
a pair ol upper and lower sides facing the slanted sides of the
first sub-pixel electrode 190a. The gaps 94p and 94q
between the first and second sub-pixel electrodes 190a and
190b have a substantially uniform width. Hereinatfter, for the
convenience of description, the gaps 94p and 94q are
denoted as cut portions.

The pixel electrode 190 has central cut portions 92 and 93,
lower cut portions 94p and 95p, and upper cut portions 94q
and 95q. The pixel electrode 190 1s divided mto a plurality
of domains by the cut portions 92 to 95q. The cut portions
92 to 95q have approximate inversion symmetry with
respect to the coupling electrode 126.

The lower and upper cut portions 94p and 949 extend in
a slanted direction from the leit side of the pixel electrode
190 to the right side thereof, and the lower and upper cut
portions 95p and 95q extend 1n a slanted or angled direction
from the lower and upper sides of the pixel electrodes 190
to the right side thereof. The lower cut portions 94p and 935p
and the upper cut portions 94q and 95q are disposed 1n lower
and upper half regions, respectively, of the pixel electrode
190 divided by the coupling electrode 126, and form an
angle of about 45° with respect to the gate line 121 to extend
perpendicular to each other.

The central cut portion 92 has an 1inlet at the left side of
the second sub-pixel electrode 190b, and a transverse por-
tion which extends from the inlet along the coupling elec-
trode 126. The 1nlet of the cut portion 92 has a pair of slanted
or angled portions having an angle of about 45° with respect
to the gate line 121. The central cut portion 93 has a central
transverse portion which extends substantially from the right
side of the second sub-pixel electrode 190b 1n the transverse
direction and a pair of slanted or angled portions which
extend from the end of the central transverse portion with a
slanted angle with respect to the central transverse portion
toward the left side of the pixel electrode 190.

An alignment film 11 1s coated on the pixel electrodes
190, the shielding electrode 88, the contact assistant mem-
bers 81 and 82 and the protective film 180.

In the common electrode panel 200, shielding members
220, a plurality of color filters 230, a cover film 250, a
common electrode 270 having a plurality of cut portions 73,
T4p, 74q, T5p, 75q, 76p, and 769, and an alignment film 21
are formed on a dielectric substrate 210.

The cut portions 73 to 76q of the common electrode 270
include the central cut portion 73 which 1s located across the
lower and upper half regions of the pixel electrode 190, the
cut portions 74p, 75p, and 76p which are located in the lower
half region, and the cut portions 74q, 75q, and 76q which are
located 1n the upper half region.

The aforementioned features of the liqud crystal display
apparatus of FIGS. 4 to 8 may be applied to the liquid crystal
display apparatus of FIGS. 11 and 12.

In FIG. 13, the thin film transistor panel 100 including the
four pixels shown in FIG. 11 1s schematically shown. In
order to claniy the features of the present invention, a gate
metal layer, a data metal layer, and the like are shown, and
the pixel electrodes are not shown.

As shown 1n FIG. 13, for example, 1n the 1-th pixel row,
the thin film transistors are located at the left side of the
pixels. The inlets of the curved portions 173 of the data line
171 are oniented to the right side. The drain electrodes 175
extend from the inlets of the curved portions 1n the longi-
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tudinal and transverse directions and have enlarged portions
177p, 177q, and 176 (see FIG. 11). In addition, the drain
clectrode 175 has an extension portion 175r, which extends
from the longitudinal portion connected to the enlarged
portion 177p 1n the down direction to the curved portions
173 of the adjacent data line 171.

On the contrary, i the (1+1)-th pixel row, the thin film
transistors are located at the right side of the pixels. The
inlets of the curved portions 173 of the data line 171 are
oriented to the left side. However, similar to the 1-th pixel
row, the drain electrode 175 has an extension portion 175r
which extends from the longitudinal portion connected to
the enlarged portion 177p in the down direction to the
curved portions 173 of the adjacent data line 171.

On the other hand, the pixel-electrode formed on the data
metal layer has the same cut portions for every pixel.

By forming the thin film transistors Q and the drain
clectrodes 175 1n such a manner, the shapes and areas of the
domains of the pixels can be substantially uniform even 1n
a case where the positions of the thin film transistors
change every pixel row. Therefore, the mversion driving
scheme according to the present invention can be applied to
a PVA mode having a plurality of domains.

Accordingly, 1t 1s possible to obtain a wide viewing angle
and to 1improve side or lateral visibility.

Now, a liquid crystal display apparatus according to other
exemplary embodiments of the present invention will be
described in detail with reference to FIGS. 14A and 16. In
the present exemplary embodiments, detailed description of
the same components as the above-described embodiment
will be omitted.

FIGS. 14A to 14C are block diagrams of a liquid crystal
display apparatus according to other exemplary embodi-
ments of the present mvention. FIG. 15 1s an equivalent
circuit schematic diagram showing another exemplary
embodiment of a pixel of the liquid crystal display apparatus
according to the present ivention. FIG. 16 1s a schematic
plan view showing another exemplary embodiment of a
switching device array and polarity of pixels 1n the liquid
crystal display apparatus according to the present invention.

As shown 1n FIGS. 14A to 14C, a liquid crystal display
apparatus according to other exemplary embodiments of the
present invention includes a liquid crystal display panel
assembly 300, a pair of gate drivers 400a and 400b or a gate
driver 401 and a data driver 500 connected to the liquid
crystal display panel assembly 300, a grayscale voltage
generator 800 connected to the data driver 500, and a signal
controller 600 for controlling the components.

As seen 1n the equivalent circuit schematic diagram, the
liquid crystal display panel assembly 300 includes a plural-
ity of pixels PX connected to a plurality of display signal
lines G, to G,, and D, to D_ and are arrayed substantially
in a matrix.

The display signal lines G, to G, , and D, to D, 1include
a plurality of gate lmmes G, to G, , for transmitting gate
signals and a plurality of data lines D, to D_ for transmitting
data signals. The gate lines G, to G, , extend parallel to each
other substantially 1n a row direction, and the data lines D,
to D_ extend parallel to each other substantially 1n a column
direction.

As seen 1n the equivalent circuit schematic diagram of the
display signal lines G,,, G;;,, and D, the display signal lines

Ted?

turther 1include storage electrode lines SL (only one shown)
which extend substantially parallel to the gate lines G, and
G,,.

Each pixel PX includes a pair of sub-pixels PXa and PXb.
Each sub-pixel PXa/PXb includes a switching device Qa/Qb
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connected to the respective gate line G, /G, and the data line
D, a hqud crystal capacitor C, . /C; ., connected to the
switching device Qa/Qb, and a storage capacitor C../Ccr,
connected to the switching device Qa/Qb and the storage
line SL. The storage capacitors C.., and C.,, may be
omitted, as needed. In this case, the storage lines SL are
unnecessary.

Since the sub-pixels PXa and PXb are substantially the
same as the pixels shown i FIG. 2, detailed description
thereol 1s omitted.

As shown in FIG. 16, the positions of the switching
devices (Qa and Qb of the pixels PX in the liqud crystal
display apparatus according to the present exemplary
embodiment change every pixel row. Namely, in the adja-
cent rows of pixels, the switching devices Qa and Qb are
alternately connected to the data lines of the diflerent sides.
Among the four rows of pixels shown in FIG. 16, the
switching devices Qa and Qb of the uppermost pixel row and
the third pixel row are connected to the left data lines, and
the switching devices Qa and Qb of the second pixel row and
the fourth pixel row are connected to the right data lines.
Theretfore, the driver inversion becomes column inversion,
but the apparent inversion becomes 1x1 dot inversion.
Accordingly, 1t 1s possible to eliminate transverse line
tlicker. In addition, 1t 1s possible to increase a charging rate
ol pixels.

Referring to FIGS. 14A to 14C, the gate drivers 400a,
400b, and 401 are connected to the gate lines GG,  to G, , to
apply gate signals (formed 1n a combination of a gate-on
voltage V_,, and a gate-off voltage V- externally supplied)
to the gate lines G, to G, ,. In FIG. 14A, a pair of the gate
drivers 400a and 400b are disposed at the left and right sides
of the liquid crystal display assembly 300 and connected to
the odd-numbered and even-numbered gate lines G, to G, ,,
respectively. The gate driver 401 shown 1n FIGS. 14B and
14C 1s disposed at one side of the liquid crystal display
assembly 300 and 1s connected to all the gate lines G, , to
G, .. In the case shown 1 FI1G. 14C, two driver circuits 401a
and 401b included 1n the gate driver 401 are connected to the
odd-numbered and even-numbered gate lines G, _ to G, ,,
respectively.

The grayscale voltage generator 800 generates two gray-
scale voltage sets (or reference grayscale voltage sets)
associated with transmittance of pixels. The two grayscale
voltage sets are independently applied to the two sub-pixels
of one pixel. Each grayscale voltage set includes one having
a positive value with reference to the common voltage V__
and the other having a negative value with reference to the
common voltage V__ . However, instead of two (reference)
grayscale voltage sets, one (reference) grayscale voltage set
may be generated.

The data driver 500 1s connected to the data lines D, to D
of the liquid crystal display assembly 300 to select one of the
two grayscale voltage sets from the grayscale voltage gen-
crator 800 and apply one grayscale voltage of the selected
grayscale voltage set to the pixel as a data voltage. However,
in a case where the grayscale voltage generator 800 does not
provide all the grayscale voltages but only the reference
grayscale voltage, the data driver 500 divides the reference
grayscale voltage to generate the grayscale voltages or all
the grayscales and selects the data voltage from the gray-
scale voltages.

Now, display operations of the liquid crystal display
apparatus will be described 1n detail.

The signal controller 600 receives mput image signals R,
(G, and B and mput control signals that are externally applied

and generates a gate control signal CON'T1, a data control
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signal CONT2 and processed image data DAT. After that,
the signal controller 600 transmits the generated control
signals and 1image data to the gate drivers 400a, 400b, and
401, and the data driver 500.

In response to the data control signal CONT2 from the
signal controller 600, the data driver 500 receives the 1mage
data DAT {for a pair of the sub-pixels PXa and PXb, selects
one ol the two grayscale voltage sets from the grayscale
voltage generator 800, and selects a gray voltage corre-
sponding to the image data DAT from the selected grayscale
voltage set, so that the image data DAT 1s converted into the
associated data voltage. After that, the data voltage 1is
applied to the associated data lines D, to D .

Alternatively, instead of the data driver 500, a separately
provided external selection circuit (not shown) may select
one of the two grayscale voltage sets and transmit the
selected one to the data driver 500. Otherwise, the grayscale
voltage generator 800 may provide a reference voltage
having a variable value, and the date driver 500 may divide
the reference voltage, so that the grayscale voltage can be
generated.

In response to the gate control signal CONT1 from the
signal controller 600, the gate drivers 400a, 400b and 401
apply the gate-on voltage V__ to the gate lines G, to G, , to
turn on the switching devices QQa and Qb connected to the
gate lines G, _ to G, ,. As a result, the data voltages applied
to the data lines D, to D, are applied to the associated
sub-pixels PXa and PXb through the turned-on switching
devices Qa and Qb.

The two above-described grayscale voltage sets represent
different gamma curves and are applied to the two sub-pixels
PXa and PXb of one pixel PX, so that the gamma curve of
the one pixel PX 1s a composite curve of the gamma curves.
In the determination of the two grayscale voltage sets, the
composite gamma curve 1s determined to be close to the
reference gamma curve for the front surface. For example,
the composite gamma curve for the front surface i1s deter-
mined to be equal to the reference gamma curve for the front
surface which 1s most suitable, and the composite gamma
curve for the side surface 1s determined to be closest to the
reference gamma curve for the front surface. By doing so, 1t
1s possible to further improve side or lateral visibility.

In units of half a horizontal period (or 2 H), the data
driver 500 and the gate drivers 400a, 400b and 401 repeat-
edly perform the aforementioned operations. In this manner,
during one frame, the gate-on voltage V__ 1s sequentially
applied to all of the gate lines G, to G, ,, so that the data
voltages are applied to all the pixels. When one frame ends,
the next frame starts, and a state of the reverse signal RVS
applied to the data driver 500 1s controlled so that the
polarity of the data signal applied to each of the pixels 1s
opposite to the polarity 1n the previous frame. In addition, as
described above, the polarties of the data voltages applied
to the adjacent data lines D, to D__1n one frame are inverted,
so that the driver inversion becomes column inversion, but
the apparent inversion becomes 1x1 dot inversion.

Now, an example of the liquid crystal display apparatus
will be described 1n detail with reference to FIGS. 17 to 19.

FIG. 17 1s a plan view showing a layout of another
exemplary embodiment of a liquid crystal display apparatus
according to the present mmvention. FIG. 18 1s a cross-

sectional view showing the liquid crystal display apparatus
taken along line XVIII-XVIII' of FIG. 17. FIG. 19 15 a plan

view showing a layout of some layers of the liquid crystal

display apparatus of FIG. 17.
As shown 1 FIGS. 17 to 19, since a layered structure of

the liquid crystal display apparatus according to the present
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exemplary embodiment 1s substantially the same as the
layered structure of the liquid crystal display apparatus
shown 1 FIGS. 11 to 13, description of the same compo-
nents 1s omitted, and only the different components are
described.

First, in the thin film transistor panel 100, a plurality of
gate lines 121a and 121b and a plurality of storage electrode
lines 131 including a plurality of storage electrodes 133 are
tformed on a dielectric substrate 110.

The first and second gate lines 121a and 121b are disposed
in upper and lower sides, respectively, and include end
portions 129a and 129b, respectively, having a wide area for
connection to a plurality of first and second gate electrodes
124a and 124b, respectively, protruding in up and down
directions, other layers, or external driving circuits.

A gate msulating film 140, a plurality of i1sland-shaped
semiconductors 154a, 154b, and 156, and a plurality of
island-shaped ohmic contact members 163b and 165b are
sequentially formed on the gate lines 121a and 121b and the
storage electrode lines 131.

A plurality of data lines 171 and a plurality of pairs of the
first and second drain electrodes 175a and 175b are formed
on the ohmic contact members 163a, 163b, 165a, and 165b
and the gate mnsulating film 140.

The data lines 171 include a plurality of pairs of first and
second straight line portions 172p and 1729, and a plurality
of pairs of first and second curved portions 173a and 173b,
and end portions 179 having enlarged widths.

The first and second straight line portions 172p and 172q
are alternately disposed along one straight line, and the
second straight line portion 172q i1s longer than the first
straight line portion 172p and intersects the storage electrode
lines 131. The first and second curved portions 173a and
173b are alternately connected between the first and second
straight line portions 172p and 172q and are disposed on the
semiconductors 154a and 154b.

The first and second drain electrodes 175a and 173b have
enlarged portions 177a and 177b having a large area which
extend from bar-shaped end portions on the semiconductors
154a and 154b and overlap the storage electrodes 133, as
best seen 1n FIG. 19. The first and second curved portions
173a and 173b constituting source electrodes surround the
bar-shaped end portions of the first and second drain elec-
trodes 175a and 175b. The first/second gate electrode 124a/
124b, the first/second source electrode 173a/173b, and the
first/second drain electrode 175a/175b together with the
semiconductor 134a/154b constitute a thin film transistor
Qa/Qb. The channel of the thin film transistor Qa/Qb 1s
formed 1n the semiconductor 154a/154b between the first/
second source electrode 173a/173b and the first/second drain
clectrode 175a/175b.

A protective film 180 1s formed on the data lines 171, the
drain electrodes 175a and 175b, and exposed portions of the
semiconductors 154a and 154b. In the protective film 180, a
plurality of contact holes 182, 185a, and 185b which expose
the end portions 179 of the data lines 171 and the enlarged
portions 177a and 177b of the drain electrodes 175a and
175b are formed. A plurality of contact holes 181 are formed
in the protective film 180 and the gate msulating film 140,
the plurality of contact holes 181 expose the end portions
129 of the gate lines 121.

A plurality of the pixel electrodes 191 including the first
and second sub-pixel electrodes 191a and 191b, the shield-
ing electrodes 88, and a plurality of the contact assistant
members 81 and 82 are formed on the protective film 180.

The first/second sub-pixel electrode 191a/191b 1s physi-

cally and electrically connected through the contact hole
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185a/185b to the first/second drain electrode 175a/175b, so
that the first/second sub-pixel electrode 191a/191b 1s applied
with a data voltage from the first/second drain electrode
175a/175b. Different data voltages that are predetermined
for one put 1mage signal are applied to a pair of the
sub-pixel electrodes 191a and 191b, and the intensities
thereol may be determined according to the sizes and shapes
of the sub-pixel electrodes 191a and 191b. In addition, the
areas ol the sub-pixel electrodes 191a and 191b may be
different from each other. As an example, the second sub-
pixel electrode 191b may be applied with a higher voltage
than the first sub-pixel electrode 191a, and the area of the
second sub-pixel electrode 191b may be smaller than that of
the first sub-pixel electrode 191a.

The upper right corner of each pixel electrode 191 1s cut,

and the cut side has an angle of about 45° with respect to the
gate lines 121a and 121b.

A pair of first and second sub-pixel electrodes 191a and
191b constituting one pixel electrode 191 1s engaged with
cach other with the gap 94 interposed therebetween, and an
outer boundary of the pixel electrode 191 is substantially
rectangularly shaped. The second sub-pixel electrode 191b
has a shape of a rotated equilateral trapezoid of which a base
side 1s recessed 1n a shape of a trapezoid, and most of second
sub-pixel electrode 191b 1s surrounded by the first sub-pixel
clectrode 191a. The first sub-pixel electrode 191a 1s con-
structed with upper, lower, and central trapezoidal portions,
which are connected to each other at the left side. The first
sub-pixel electrode 191a has cut portions 95a, 95b and 95c,
which extend from the upper side of the upper trapezoidal
portion and the lower side of the lower trapezoidal portion
toward the right side. The gate line 121a 1s disposed between
the cut portions 95a and 95b. The central trapezoidal portion
of the first sub-pixel electrode 191a 1s engaged with the
recessed base side of the second sub-pixel electrode 191b.
The first sub-pixel electrode 191a has a cut portion 92,
which extends along the storage electrode line 131. The cut
portion 92 has an inlet at the left side of the first sub-pixel
clectrode 191a and a transverse portion which extends from
the inlet in the transverse direction. The inlet of the cut
portion 92 has a pair of slanted or angled sides having an
angle of about 45° with respect to the storage electrode line
131. In addition, the gap 94 between the first and second
sub-pixel electrodes 191a and 191b includes upper and
lower slanted or angled portions having a substantially
uniform width and an angle of about 45° with respect to the
gate lines 121a and 121b and three longitudinal portions
having a substantially umiform width. Hereinafter, for the
convenience of description, the gap 94 1s denoted as a cut
portion.

The pixel electrode 191 has the cut portions 92, 94, 95a,
and 95b, and the pixel electrode 191 1s divided nto a
plurality of domains by the cut portions 92, 94, 95a, and 95b.
The cut portions 92, 94, 95a, and 95b extend substantially
from the left side of the pixel electrode 191 to the right side
thereof 1n a slanted or angled direction and have approxi-
mate inversion symmetry with respect to the storage elec-
trode line 131. The cut portions 92, 94, 95a, and 95b have
an angle of about 45° with respect to the gate lines 121a and
121b to extend perpendicular to each other.

An alignment film 11 1s coated on the pixel electrodes
191, the shielding electrodes 88, the contact assistant mem-
bers 81 and 82, and the protective film 180.

In the common electrode panel 200, shielding members
220, a plurality of color filters 230, a cover film 250, a
common electrode 270 having a plurality of cut portions 73,
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74, 75a, 75b, 76a, and 76b, and an alignment film 21 are
tformed on a dielectric substrate 210.

The cut portions 73 to 76b of a common electrode 270
include the central cut portions 73 and 74 which are located
across the lower and upper half regions of the pixel electrode
191, the cut portions 75a and 76a which are located in the
lower half region, and the cut portions 75b and 76b which
are located in the lower half region.

The aforementioned features of the liquid crystal display
apparatus of FIGS. 11 to 12 may be applied to the liquid
crystal display apparatus of FIGS. 17 and 18.

In FIG. 19, the thin film transistor panel 100 including the
four pixels shown in FIG. 17 1s schematically shown. In
order to clanily the features of the present invention, a gate
metal layer, a data metal layer, and the like are shown, and
the pixel electrodes are not shown.

As shown 1n FIG. 19, for example, 1n the 1-th pixel row,
the thin film transistors Qa and Qb are located at the left side
of the pixels. The inlets of the curved portions 173a and
173b of the data line 171 are oriented to the right side. The
drain electrodes 175a and 175b extend from the inlets of the
curved portions 1n the longitudinal and transverse directions
and have enlarged portions 177a and 177b. In addition, the
drain electrodes 175a and 175b have extension portions
175p and 175q which extend from the longitudinal portions
connected to the enlarged portions 177a and 177b to the
curved portions 173a and 173b of the adjacent data line 171.

On the contrary, 1n the (1+1)-th pixel row, the thin film
transistors Qa and Qb are located at the right side of the
pixels. The inlets of the curved portions 173a and 173b of
the data line 171 are oriented to the left side. However,
similar to the i1-th pixel row, the drain electrodes 175a and
175b have extension portions 175p and 175g which extend
from the longitudinal portions connected to the enlarged
portions 177a and 177b to the curved portions 173a and
173b of the adjacent data line 171.

Now, another exemplary embodiment of a liquid crystal
display apparatus according to the present invention will be
described 1n detail with reference to FIGS. 20 to 22.

FIG. 20 1s a block diagram showing another exemplary

embodiment of a liquid crystal display apparatus according
to the present invention. FIGS. 21 and 22 are plan views
showing other exemplary embodiments of a pixel array of a
liquid crystal display apparatus according to the present
invention.

As shown 1n FIG. 20, the liquid crystal display apparatus
according to the present exemplary embodiment of the
present nvention includes a liquid crystal display panel
assembly 300, a gate driver 402 and a data driver 501
connected to the liquid crystal display panel assembly 300,
a grayscale voltage generator 800 connected to the data
driver 501, and a signal controller 600 for controlling the
components.

As seen 1n the equivalent circuit block diagram, the liquid
crystal display panel assembly 300 includes a plurality of
display signal lines G, to G,, and D, to D, , and a plurality
of pixels PX connected thereto and arrayed substantially 1n
a matrix.

The display signal lines G, to G,, and D, to D_ include
a plurality of gate lines G, to G,, for transmitting gate
signals (sometimes referred to as scan signals) and a plu-
rality of data lines D, to D_ for transmitting data signals. The
gate lines G, to G,, extend parallel to each other substan-
tially 1n a row direction, and the data lines D, to D_  extend
parallel to each other substantially 1n a column direction.
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Since the pixels PX are substantially the same as the
pixels shown 1 FIG. 2, detailed description thereof 1s
omitted.

In the pixel array of the liquid crystal display apparatus,
as shown 1n FIG. 21, pairs of gate lines G, and G,_,, G, , and
G, 5, ...(eg.,depicted as G,, G,, G, and G, .. . 1n FIG. 20)
are disposed above and below a row of pixel electrodes 192.
In addition, each of the data lines D, to D_ (e.g., depicted as

D, D1, Dis, D,s .. in FIG. 21) 1s disposed between the
pixel electrodes 192 1n two columns. Namely, one data line
1s disposed between a pair of pixel columns. Now, the
connection between the gate lines G, to G,,, and the data
lines D, to D, and the pixel electrodes 192 will be described

in detail.

A plurality of pairs of the gate lines G, to G,, connected
to the pixel electrodes 192 at the upper and lower sides
thereol are connected through the switching devices Q)
disposed on the pixel electrodes 192 at the upper or lower
side thereof to the associated pixel electrodes 192.

Namely, in the odd-numbered pixel row, the switching
devices Q disposed at the left side of the data lines D, to D,
are connected to the gate lines G, G, Gg, . . . disposed on
the upper side, and the switching devices Q disposed at the
right side of the data lines D, to D__ are connected to the gate
lines G,, Gg, G, . . . disposed on the lower side. On the
contrary, 1n the even-numbered pixel row, the connection
between the upper gate lines G5, G-, G, . . ., the lower gate
lines G,, Gg, Gy,, . . ., and the switching device Q 1s
opposite to the connection 1n the odd-numbered pixel row.
Namely, the switching devices Q disposed at the right side
of the data lines D, to D_, are connected to the gate lines G,
G,, G,,, disposed on the upper side, and the switching
devices QQ disposed at the left side of the data lines D, to D,
are connected to the gate lines G, G4, G,,, . . . disposed on
the lower side.

Among the pixel electrodes 192 of the odd-numbered
pixel row, the pixel electrodes 192 disposed at the left side
of the data lines D, to D, are connected through the
switching devices Q to the adjacent data lines D, to D_, and
the pixel electrodes 192 disposed at the right side of the data
lines D, to D_ are connected through the switching devices
Q to the next adjacent data lines D, to D_ . Among the pixel
clectrodes 192 of the even-numbered pixel row, the pixel
clectrodes 192 disposed at the left side of the data lines D,
to D_ are connected through the switching devices Q to the
previous data lines D, to D_, and the pixel electrodes 192
disposed at the rnight side of the data lines D, to D_ are
connected through the switching devices Q to the adjacent
data lines D, to D, .

The switching devices Q are formed at positions so as to
be easily connected to the data lines D, to D, , namely, so as
to shorten connection lengths as much as possible. There-
fore, i the pixel array shown in FIG. 21, the positions of the
switching devices (Q change every pixel row. Namely,
among a pair ol the pixels disposed in the odd-numbered
pixel row, the switching devices Q are formed 1n an upper
right region of the pixels disposed at the left side of the data
lines D, to D_, and the switching devices Q are formed 1n
a lower right region of the pixels disposed at the right side
of the data lines D, to D_ .

On the contrary, the positions of the switching devices
disposed 1n the odd-numbered pixel rows are opposite to the
positions thereol 1n the adjacent pixel rows. Namely, among
a pair of the pixels disposed 1n the even-numbered pixel row,
the switching devices QQ are formed 1n a lower left region of
the pixels disposed at the leit side of the data lines D, to D,
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and the switching devices Q are formed 1n a upper left region
of the pixels disposed at the right side of the data lines D,
to D_.

In summary of the connection between the pixel elec-
trodes 192 and the data lines D, to D_ shown 1n FIG. 21, in
cach pixel row, the switching devices Q of the two pixels
disposed between the adjacent two data lines are connected
to the same data lines. Namely, the switching devices Q of
the two pixels disposed between the two data lines in the
odd-numbered pixel row are connected to the data lines
disposed at the right side, and the switching devices Q of the
two pixels disposed between the two data lines in the
even-numbered pixel row are connected to the data lines
disposed at the left side.

Next, similar to FIG. 21, as shown i FIG. 22, pairs of
gate lines G, and G, _,, G, and G, _,, .. . (e.g., depicted as

I+1° I+2 I+3°

G,, G,, Gy and G, . . . 1n FIG. 20) are disposed above and

below a row of pixel electrodes 192. In addition, each of the
data lmmes D, to D,, (e.g., depicted as D, D,,, D

J+1° J+20
D, 5 ... FIG. 22) 1s disposed between the pixel electrodes

192 1n two columns. Namely, one data line 1s disposed
between a pair of pixel columns.

In the connection between the pixel electrodes 192 shown
in FIG. 22 with the gate lines G, to G, , and the data lines
D, to D, _, the data lines D, to D, are connected to the
switching devices Q of the pixels disposed 1n the two pixel
columns. One of the switching devices Q of the two pixels
disposed at lett and right sides of the data lines D, to D, 1s
connected to the gate line disposed at the upper side, and the
other 1s connected to the gate line disposed at the lower side.
In addition, the switching devices disposed between the two
adjacent data lines are connected to the gate lines at the same
side. The pixel structure of one pixel row and the pixel
structure of the adjacent pixel row have symmetry with
respect to the gate lines.

The positions of the switching devices Q disposed on the
pixels change every pixel row. Namely, on the pixels dis-
posed 1n the odd-numbered pixel row, the switching devices
Q are sequentially formed on upper rnight, lower left, lower
right, and upper left regions thereol, and on the pixels

disposed in the even-numbered pixel row, the switching
devices Q are sequentially formed on lower right, upper left,
upper right, and lower left regions thereof.

The arrays shown i FIGS. 21 and 22 are merely an
example, and the connection between the pixel electrodes
192, the data lines D, to D, , and the gate lines G, to G,, may
change among them, and other connections may be
employed.

Returming to FIG. 20, the grayscale voltage generator 800
generates two grayscale voltage sets associated with trans-
mittance of pixels. One of the two sets has a positive value
with respect to the common voltage V and the other set
has a negative value.

The gate driver 402 1s connected to the gate lines G, to
G, of the liquid crystal display panel assembly 300 to apply
gate signals (formed 1n a combination of a gate-on voltage
V,, and a gate-off voltage V _that are externally supplied)
to the gate lines G, to G,,.

The data driver 501 1s connected to the data lines D, to D
of the liquid crystal display panel assembly 300 to select
grayscale voltages from the grayscale voltage generator 800
and apply the selected grayscale voltages to the pixels as
data signals.

The signal controller 600 controls operations of the gate

driver 402, the data driver 501, and the like.
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Now, display operations of the liquid crystal display
apparatus according to the present exemplary embodiment
will be described in detail.

The signal controller 600 receives mput image signals R,
G, and B and 1nput control signals that are externally applied
and transmits a gate control signal CONT1, a data control
signal CONT2, and processed image data DAT to the gate
driver 402 and the data driver 501. Here, the processing for
the 1mage signals R, G and B includes operations for
re-arranging the image data R, G and B according to the

pixel array of the liquid crystal display panel assembly 300
shown 1n FIGS. 21 and 22.

In response to the data control signal CONT2, the data
driver 501 sequentially receives the image data DAT for half
the pixels of one pixel row and selects a gray voltage
corresponding to the image data DAT from the selected
grayscale voltages from the grayscale voltage generator 800,
so that the image data DAT 1s converted into the associated
data voltage. After that, the data voltage 1s applied to the
associated data lines D, to D .

In response to the gate control signal CONT1 from the
signal controller 600, the gate driver 402 applies the gate-on
voltage V__ to the gate lines G, to G,, to turn on the
switching devices Q connected to the gate lines G, to G,,.
As a result, the data voltages applied to the data lines D, to
D_ are applied to the associated pixels through the turned-on
switching devices Q.

In units of half a horizontal period (or 2 H), the data
driver 501 and the gate driver 402 repeatedly perform the
alforementioned operations. In this manner, during one
frame, the gate-on voltage V_  1s sequentially applied to all
of the gate lines G, to G,,, so that the data voltages are
applied to all of the pixels. When one frame ends, the next
frame starts, and a state of the reverse signal RVS applied to
the data driver 501 1s controlled, so that the polarity of the
data signal applied to each of the pixels 1s opposite to the
polarity in the previous frame (frame mversions).

In addition, as described above, the data driver 501 inverts
the polarities of the data voltages applied to the adjacent data
lines D, to D, 1n one frame, so that the polarities of the pixel
voltages of the pixels applied with the data voltages also
change. However, since the connection of the pixels and the
data lines D, to D, may be formed 1n various manners as
shown 1 FIGS. 21 and 22, the polarity inversion pattern in
the data driver 501 1s different from the polarity inversion
pattern of the pixel voltages displayed on a screen of the
liquad crystal display panel assembly 300. Hereinafter, the
inversion 1n the data driver 501 1s referred to as driver
inversion, and the inversion displayed on the screen 1is
referred to as apparent 1nversion.

Now, types of mversion according to another exemplary
embodiment of the present mvention will be described 1n
detail with reference to FIGS. 21 and 22.

In FIG. 21, the driver inversion 1s column inversion where
the data voltages of the one data line always have the same
polarity, and the data voltages of the adjacent two data lines
have opposite polarities. The apparent inversion 1s 1x2 dot
1nversion.

In FIG. 22, the driver inversion 1s row and column
inversion where the data voltages of one data line always
have polarities inverted every row, and the data voltages of
the adjacent two data lines have opposite polarities. The
apparent inversion 1s 1x1 dot mnversion.

In this manner, 1f the apparent inversion becomes the dot
inversion, the brightness difference (caused by kick-back
voltages when the pixel voltage 1s a positive polarity and




US RE46,497 E

29

when the pixel voltage 1s a negative polarity) 1s dispersed,
thus making 1t 1s possible to reduce transverse line defects.

Now, structures of a thin film transistor display panel 100
and a common electrode panel 200 of the liquid crystal
display panel assembly 300 will be described 1n detail with
reterence to FIGS. 23 to 27.

FIG. 23 1s a plan view showing a layout of another
exemplary embodiment of a thin film transistor display
panel of a liquid crystal display panel assembly according to
the present mvention. FIG. 24 1s a plan view showing a
layout of another exemplary embodiment of a common
clectrode panel of a liquid crystal display panel assembly
according to the present invention. FIG. 235 1s a plan view
showing a layout of the liquid crystal display panel assembly
constructed with the thin film transistor display panel of
FIG. 23 and the common electrode panel of FIG. 24. FIG. 26
1s a cross-sectional view showing the liquid crystal display
apparatus taken along line XXVI-XXVT of FIG. 25. FIG. 27
1s a plan view showing a layout of a pixel array of the liqud
crystal display panel assembly of FIG. 25.

As shown 1n FIGS. 23 to 27, since a layered structure of
the liquid crystal display apparatus according to the present
exemplary embodiment 1s substantially the same as the
layered structure of the liquid crystal display apparatus
shown 1 FIGS. 17 to 19, description of the same compo-
nents 1s omitted, but only the different components are
described.

First, in the thin film transistor panel 100, a plurality of
gate lines 121a and 121b and a plurality of storage electrode
lines 131 are formed on a dielectric substrate 110.

The gate lines 121a and 121b extend mainly 1n a trans-
verse direction. A portion of the gate line 121a protrudes in
a downward direction to constitute a gate electrode 124a and
a dummy gate electrode 126a. Likewise, a portion of the gate
line 121b protrudes 1n an upward direction to constitute a
gate electrode 124b and a dummy gate electrode 126b. The
two gate lines 121a and 121b are adjacent to each other to
constitute a pair.

The storage electrode lines 131 extend mainly in the
transverse direction and include a plurality of pairs of branch
groups constructed with first to fourth storage electrodes
133a, 133b, 134a, and 134b.

A gate 1nsulating film 140, a plurality of i1sland-shaped
semiconductors 154a, 154b, 156a, and 156b, and a plurality
of 1sland-shaped ohmic contact members 163a, 163b, 165a,
165b, and 166 are sequentially formed on the gate lines 121a
and 121b and the storage electrode lines 131. The semicon-
ductors 154a and 154b are disposed on the gate electrodes
124a and 124b, respectively, and semiconductors 156a and
156b are disposed on dummy gate electrodes 126a and 126b,
respectively. The contact member 163a/163b and the contact
member 165a/165b constitute a pair and are disposed on the
1sland-shaped semiconductor 154a/154b.

A plurality of data lines 171 (see FIG. 27), a plurality of
drain electrodes 175a and 175b, and a plurality of dummy
drain electrodes 176a and 176b are formed on the ohmic
contact members 163b, 165b, and 166 and the gate insulat-
ing film 140.

The data lines 171 mainly extend 1n a longitudinal direc-
tion to intersect the gate lines 121a and 121b and the storage
clectrode lines 131. The data lines 171 transmit the data
voltages. On the data lines 171, a plurality of branches which
extend toward the drain electrodes 1735a and 175b 1n the left
and right directions constitute source electrodes 173a and
173b, respectively. The drain electrodes 1735a and 175b
extend from bar-shaped end portions surrounded by the
source electrodes 173a and 173b 1n the transverse direction.
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The source electrodes 173a and 173b are formed to be
curved so as to surround the straight line portions of the
drain electrodes 175a and 175b. The positions of the dummy
drain electrodes 176a and 176b 1n the pixels are substantially
the same as the positions of the drain electrodes 175a and
175b 1n the pixels.

The gate electrode 124a/124b, the source electrode 173a/
173b and the drain electrode 175a/175b together with the
island-shaped semiconductor 154a/154b constitute a thin
film transistor. The channel of the thin film transistor is
formed 1n the island-shaped semiconductor 154a/154b
between the source electrode 173a/173b and the drain elec-
trode 175a/175b.

A protective film 180 1s formed on the data lines 171, the
drain electrodes 175a and 175b, the dummy drain electrodes
176a and 176b, and exposed portions of the semiconductors
154a and 154b.

In the protective film 180, a plurality of contact holes
185a, 185b, 186a, and 186b are formed, which expose the
drain electrodes 175a and 175b and the dummy drain
clectrodes 176a and 176b. The contact holes 186a and 186b
are dummy contact holes, which may be omuitted.

On the protective film 180, a plurality of the pixel
clectrodes 192a and 192b are formed. The pixel electrodes
192a and 192b are physically and electrically connected
through the contact holes 185a and 185b to the drain
clectrodes 175a and 175b, respectively, so that the pixel
clectrodes 192a and 192b are applied with data voltages
from the drain electrodes 175a and 175b, respectively.

The outer boundaries of the pixel electrodes 192a and
192b are formed along the gate lines 121a and 121b, the gate
clectrodes 124a and 124b, the dummy gate electrodes 126a
and 126b, and the storage electrodes 133a, 133b, 134a and
134b. The pixel electrodes 192a and 192b include central cut
portions 91a and 91b, lower cut portions 94a and 94b, and
the upper cut portions 96a and 96b. The pixel electrodes
192a and 192b are divided into a plurality of domains by the
cut portions 91a to 96b. The cut portions 91a to 96b have
approximate mversion symmetry with respect to the storage
clectrode lines 131.

The lower and upper cut portions 94a, 94b, 96a and 96b
extend substantially from the left sides of the pixel elec-
trodes 192a and 192b to the right sides thereotf 1n a slanted
or angled direction. The lower cut portions 94a and 94b and
the upper cut portions 96a and 96b are disposed 1n lower and
upper half regions, respectively, of the pixel electrodes 192a
and 192b divided by the storage electrode lines 131, and
form an angle of about 45° with respect to the gate lines
121a and 121b to extend perpendicular to each other.

The central cut portions 91a and 91b extend from the
storage electrode lines 131 to the night side 1n a slanted or
angled direction and include a pair of slanted sides which are
substantially parallel to the respective lower cut portions 94a
and 94b and the upper cut portions 96a and 96b. The slanted
sides also form an angle of about 45° with respect to the gate
lines 121a and 121b to extend perpendicular to each other.

Accordingly, each of the upper and lower half regions of
the pixel electrode 192a/192b 1s divided into three domains
by the cut portions 91a to 96a/91b to 96b. Here, the number
of domains or the number of cut portions may vary accord-
ing to a size of pixel, an aspect ratio of the pixel electrode
192a/192b, a type or characteristics of the liquid crystal
layer 3, or other design factors.

The pixel electrodes 192a and 192b have substantially the
same openings. Namely, the dummy gate electrodes 126a
and 126b have substantially the same shapes as the gate
clectrodes 124a and 124b. The positions of the dummy drain
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clectrodes 176a and 176b are the same as the positions of the
drain electrodes 175a and 175b. In addition, the cut portions

91a to 96a and 91b to 96b of the pixel electrodes 192a and

192b have substantially the same shapes. In addition, the
patterns within the openings of the pixel electrodes 192a and
192b have a substantially up and down symmetry. In this
manner, 1f the shape of the pixel electrodes 192a and 192b
and openings thereof are the same, even though the positions
of the switching devices of the pixels are diflerent from each
other, optical characteristics of all the pixels become equal
to each other, thus making 1t 1s possible to prevent deterio-
ration of 1image quality.

Now, the common electrode panel 200 will be described.
As best seen with reference to FIGS. 24 and 26, shielding

members 220 having a plurality of openings 225a and 225b
which face the pixel electrodes 192a and 192b and have
substantially the same shape as the pixel electrodes 192a and
192b are formed on a dielectric substrate 210. Alternatively,
the shielding member 220 may be formed with portions
corresponding to the data lines 171 and portions correspond-
ing to the thin film transistors Q. However, the shielding
members 220 may have various shapes 1 order to prevent
light leakage 1n a vicinity of the pixel electrodes 192a and
192b and the thin film transistors Q.

A plurality of color filters 230, a cover film 250, and a
common electrode 270 are sequentially formed on the
substrate 210 and the shielding members 220.

The common electrode 270 has a plurality of sets of cut
portions 71a, 72a, 77a, 78a, 71b, 72b, 77b, and 78b. Since
the cut portions 71b to 78b and the cut portions 71a to 78a
have the same shapes, only the cut portions 71a to 78a will
be described.

One set of the cut portions 71a to 78a faces one pixel
clectrode 192a and includes central cut portions 71a and 72a,
a lower cut portion 77a, and an upper cut portion 78a. The
cut portions 71a to 78a are disposed between the cut portions
91ato 96a of the adjacent pixel electrodes 192a and between
edge cut portions 94a and 96a and corners of the pixel
clectrode 192a (see FIG. 25). In addition, each of the cut
portions 71a to 78a has at least one slanted or angled portion
which extends parallel to the respective cut portions 91a to
96a of the pixel electrode 192a.

Each of the lower and upper cut portions 72a and 77a
includes a slanted or angled portion which extends from the
right side of the pixel electrode 192a toward the lower or
upper side thereof, and longitudinal and transverse portions
which extend from the ends of the slanted or angled portion
along the sides of the pixel electrode 192a forming an obtuse
angle with respect to the slanted or angled portion and
overlap the sides of the pixel electrode 192a.

The central cut portion 71a includes a longitudinal portion
which extends along the left side of the pixel electrode 192a
and overlaps the left side thereot, a pair of slanted or angled
portions which extend from the ends of the longitudinal
portion and toward the right side of the pixel electrode 192a,
and a distal longitudinal portion which extends from the
ends of each of the slanted or angled portions along the right
side of the pixel electrode 192a forming an obtuse angle with
respect to the slanted or angled portions and overlaps the
right side. The central cut portion 72a includes a pair of
slanted or angled portions which extend substantially from
the storage electrode line 131 and toward the right side of the
pixel electrode 192a forming a slanted angle with respect to
the storage electrode line 131 and distal end portions which
extend from the each of the ends of the slanted or angled
portions along the right side of the pixel electrode 192a
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forming an obtuse angle with respect to the slanted portions
and overlap the right side thereof.

Notches having a shape of a “V” or triangle are formed 1n
the slanted or angled portions on opposite sides of the cut
portions 71a, 77, and 78a. The notches may have a shape of
a rectangle, a trapezoid, or a semicircle, and may have a
convex or concave shape. An alignment direction of the
liquid crystal molecules located 1n domain boundaries cor-
responding to the cut portions 71a, 77, and 78a can be
determined due to the notches.

On the other hand, a plurality of the pixels shown in FIG.
277 are obtained by disposing the pixels shown 1n FIG. 25 1n
a pixel array of FIG. 22. Here, the shape of the thin film
transistors of the four upper and lower pixels and the
positions of the gate lines and the data lines are different
from each other. The thin film transistors of the four upper
pixels are sequentially located at the upper right, lower left,
lower right, and upper right regions. Accordingly, the gate
clectrodes and the drain electrodes are located at the differ-
ent positions. However, due to the dummy gate electrodes
and the dummy drain electrodes, the openings of the pixels
are substantially equal to each other. As a result, since
optical characteristics of the pixels are equal to each other,
it 1s possible to prevent deterioration in 1mage quality.

The aforementioned features of the liquid crystal display
apparatus of FIGS. 14A to 19 may be applied to the liquid
crystal display apparatus of FIGS. 20 and 27.

The present invention described 1n the exemplary embodi-
ments can be applied to a case where pixels having different
shapes are disposed within a liquid crystal display panel
assembly. Particularly, the present invention can be
employed to a structure such as a VA mode LCD where a
plurality of domains are formed.

According to the present invention, by alternately dispos-
ing thin film transistors at leit and right sides of the pixels,
driver inversion becomes column inversion, but apparent
inversion becomes dot inversion. Accordingly, 1t 1s possible
to eliminate transverse line flicker and to 1ncrease a charging
rate of the pixels.

In addition, by providing source electrodes along data
lines and extending drain electrodes to the source electrodes
of adjacent pixels, 1t 1s possible to maintain uniformity of the
pixels even though the thin film transistors are alternately
disposed at right and left sides of the pixels. In addition,
inversion driving schemes according to the present invention
can be applied to a PVA mode. As a result, it 1s possible to
obtain a wide viewing angle.

In addition, by dividing one pixel mnto a pair of sub-pixels
and applying different data voltages to the sub-pixels, 1t 1s
possible to improve side or lateral visibility.

Further, by forming a plurality of dummy gate electrodes
and a plurality of dummy drain electrodes, 1t 1s possible to
prevent deterioration 1 1image quality.

Although exemplary embodiments and modified
examples of the present invention have been described, the
present invention 1s not limited to the embodiments and
examples, but may be modified i various forms without
departing from the scope of the appended claims, the
detailed description and the accompanying drawings of the
present invention. Therefore, it 1s natural that such modifi-
cations belong to the scope of the present invention.

What 1s claimed 1s:

[1. A liquid crystal display apparatus comprising:

a plurality of data lines, each of the plurality of data lines
having a plurality of straight line portions and a plu-
rality of curved portions connected to the plurality of
straight line portions;
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a plurality of gate lines disposed substantially perpen-
dicular to the plurality of data lines;

a plurality of thin film transistors connected to the plu-
rality of data lines and the plurality of gate lines; and

a plurality of pixel electrodes respectively connected to
the plurality of thin film transistors,

wherein the plurality of straight line portions and the
plurality of curved portions for each data line of the
plurality of data lines are linearly aligned, and

wherein each of the plurality of curved portions com-

Prises:

a substantially concave surface; and

a substantially convex surface opposing the substan-

tially concave surface,

wherein a terminal of the substantially concave surface

and a terminal of the substantially convex surface
both meet a terminal of the straight line portion
adjacent to the curved portion, and

wherein both the substantially concave surface and the

substantially convex surface are disposed on a first
side of two extended edges of the straight line
portion adjacent to the curved portion, and
wherein a remainder of the curved portion 1s disposed
on a second side of the two extended edges of the
straight line portion and includes a first linear branch
and a second linear branch disposed substantially
opposite the first linear branch defining a space
therebetween.]

[2. The liquid crystal display apparatus of claim 1,
wherein channels of the thin film transistors are disposed in
extension lines of the straight line portions of the data lines.}

[3. The liquid crystal display apparatus of claim 1,
wherein the curved portions constitute source electrodes of
the thin film transistors.]

[4. The liquid crystal display apparatus of claim 3, further
comprising drain electrodes connected to the pixel elec-
trodes, wherein each of the curved portions surrounds an end
of a respective drain electrode.]

[S. The liquid crystal display apparatus of claim 4,
wherein the drain electrodes are at least one of located
substantially at a same position 1n each pixel and are
substantially symmetrically disposed i a pixel array
matrix.J

[6. The liquid crystal display apparatus of claim 1,
wherein the curved portions are U-shaped.}

[7. The liquid crystal display apparatus of claim 1,
wherein the curved portions have inlets which open in
opposite directions every pixel row.]

[8. The liquid crystal display apparatus of claim 1, further
comprising shielding electrodes which cover the straight line
portions of the data lines and at least partially overlap the
curved portions of the data lines.}

[9. The liquid crystal display apparatus of claim 1,
wherein the thin film transistors of diflerent pixel rows are
connected to the data lines of different sides.]

[10. The liquid crystal display apparatus of claim 1,
wherein polarities of data voltages of adjacent data lines are
opposite to each other.]

[11. The liquid crystal display apparatus of claim 1,
wherein polarities of data voltages of adjacent data lines are
the same.]

[12. The liquid crystal display apparatus of claim 1,
wherein each of the pixel electrodes has at least one cut
portion. ]

[13. The liquid crystal display apparatus of claim 1,
wherein each of the pixel electrodes includes a first sub-
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pixel electrode connected to the drain electrode and a second
sub-pixel electrode capacitively-coupled with the first sub-
pixel electrode.}

[14. The liquid crystal display apparatus of claim 13,
wherein a voltage charged 1n the first sub-pixel electrode 1s
larger than a voltage charged 1n the second sub-pixel elec-
trode.]

[15. The liquid crystal display apparatus of claim 1,
wherein the plurality of thin film transistors are connected to
opposite sides of the plurality of data lines alternately every
pixel row, and

openings of a plurality of pixels associated with the
plurality of pixel electrodes have substantially a same
shape.]

[16. A liquid crystal display apparatus comprising:

a plurality of data lines each having a plurality of first
straight line portions, a plurality of second straight line
portions alternately linearly disposed with the first
straight line portions, and

a plurality of first and second curved portions alternately
connected between the first and second straight line
portions;

a plurality of pairs of first and second gate lines disposed
substantially perpendicular to the plurality of data lines;

a plurality of pairs of first and second thin film transistors
connected to the plurality of pairs of first and second
gate lines, respectively, and the plurality of data lines;
and

a plurality of pixel electrodes connected to the plurality of
first and second thin film transistors, each of the plu-
rality of pixel electrodes comprising first and second
sub-pixel electrodes respectively connected to a pair of
first and second thin film transistors of the plurality of
pairs of first and second thin film transistors,

wherein the first and second thin film transistors comprise
first and second drain electrodes connected to the first
and second sub-pixel electrodes, respectively, the first
and second drain electrodes each comprising a first end
portion surrounded by one of the plurality of first and
second curved portions, and a second end portion
extending from the first end portion in a transverse
direction substantially parallel to the first and second
gate lines,

wherein each of the first and second curved portions
COMPrises:

a substantially concave surface; and
a substantially convex surface opposing the substan-

tially concave surface,

wherein a terminal of the concave surface and a ter-
minal of the convex surface of each of the first and
second curved portions both meet a terminal of one
of the first and second straight line portions adjacent
to each of the first and second curved portions, and

wherein both of the substantially concave surface and
the substantially convex surface of at least one of the
first curved portion and the second curved portion
are disposed on a same side with respect to two
extended edges of the first and second straight line
portions adjacent to the at least one of the first and
second curved portions.]

[17. The liquid crystal display apparatus of claim 16,
wherein magnitudes of first and second data voltages applied
to the first and second sub-pixel electrodes, respectively, are
different from each other and are obtained from single image
information.}

[18. The liquid crystal display apparatus of claim 16,
wherein the first and second straight line portions of each
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data line and the respective first and second curved portions
are disposed substantially in the same line.]

[19. The liquid crystal display apparatus of claim 18,
wherein channels of the first and second thin film transistors
are disposed 1 extension lines of the first and second
straight line portions of the data lines.}

[20. The liquid crystal display apparatus of claim 18,
wherein the first and second drain electrodes are at least one
of located substantially at a same position in respective
pixels and are substantially symmetrically disposed 1n a
pixel array matrix.]

[21. The liquid crystal display apparatus of claim 18,
wherein the first and second thin film transistors are con-
nected to the data lines of diflerent sides alternately in every
pixel row.]

[22. The liquid crystal display apparatus of claim 21,
wherein polarities of data voltages of adjacent data lines are
opposite to each other.]

[23. The liquid crystal display apparatus of claim 21,
wherein polarities of data voltages of one of adjacent data
lines to a data line therebetween are the same.]

[24. A liquid crystal display apparatus comprising:

a plurality of pixels arrayed 1n a matrix and each of the

plurality of pixels having pixel electrodes;

a plurality of gate lines connected to the plurality of pixels
and each of the plurality of gate lines having a plurality
ol gate electrodes;

a plurality of data lines disposed substantially perpen-
dicular to the plurality of gate lines and having a
plurality of source electrodes; and

a plurality of drain electrodes facing respective source
clectrodes of the plurality of source electrodes and
connected to the respective pixel electrodes,

wherein each of the plurality of drain electrodes com-
Prises:

a first end portion disposed substantially opposite a
respective source electrode of the plurality of source
electrodes:

a second end portion extending from the first end
portion substantially parallel to the plurality of gate
lines the second end portion being directly connected
with the first end portion;

a first portion extending from a connection point
between the first end portion and the second end
portion 1 a direction substantially parallel to the
plurality of data lines, the first portion extending
away from both the first end portion and the second
end portion, the first portion comprising an end
disposed at the connection point between the first
end portion and the second end portion; and

an enlarged portion connected to another end of the first
portion and connected to the respective pixel elec-
trode of the plurality of pixel electrodes.]

[25. The liquid crystal display apparatus of claim 24,
wherein the gate lines include dummy gate electrodes hav-
ing substantially the same shape as the gate electrodes.]

[26. The liquid crystal display apparatus of claim 24,
turther comprising dummy drain electrodes which are at
least one of located substantially at same positions as the
drain electrodes and are substantially symmetrically dis-
posed in a pixel array matrix.}

[27. The liquid crystal display apparatus of claim 24,
wherein two pixels are disposed between two adjacent data
lines.]

[28. The liquid crystal display apparatus of claim 24,
wherein the switching devices and the data lines are sub-
stantially linearly aligned relative to each other.}
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[29. The liquid crystal display apparatus of claim 24,
wherein adjacent source electrodes are oriented 1n different
directions with respect to the data lines.]

[30. The liquid crystal display apparatus of claim 24,
wherein switching devices having the gate, source, and drain
clectrodes and residing 1n adjacent pixels are disposed at
different locations within the adjacent pixels with respect to
the pixel electrodes of the adjacent pixels, and

wherein openings of the plurality of pixels have substan-

tially a same shape.]

31. A thin film transistor panel comprising:

thin film transistors having gate electrodes, source elec-

trodes and drain electrodes, rvespectively;

a gate line connected to the gate electrodes of the thin film

transistors;

dummy gate electrodes connected to and extended from

the gate line in a same direction as the gate electrodes,
the dummy gate electrodes having the same shape and
size as the gate electrodes, and each dummy gate

electrode being disposed between adjacent gate elec-
trodes.

32. The thin film transistor panel of claim 31, wherein the
gate electrodes ave separated from each other by a first
pitch, and the dummy gate electrodes ave separated from
each other by a second pitch which is equal to the first pitch.

33. The thin film transistor panel of claim 31, further
COmMprising:

pixel electrodes connected to the drain electrodes of the
thin film transistors; and

dummy drain electrodes connected to the pixel electrodes,
the dummy drain electrodes having the same shape with
each other.

34. The thin film transistor panel of claim 33, further

COmprising:

a protective film disposed between the thin film transistors
and the pixel electrode, and having contact holes
exposing the dummy drain electrvodes, the pixel elec-
trodes being connected to the dummy drain electrodes
through the contact holes.

35. The thin film transistor panel of claim 33, further
comprising a storage electrode line having branches over-
lapping the pixel electrodes.

36. A thin film transistor panel comprising:

thin film transistors arranged in a matrix, the thin film
transistors having gate electrodes, source electrodes,
and drain electrodes;

a first gate line connected to the gate electrodes of the thin
film transistors disposed in a first vow of the matvix;

a second gate line connected to the gate electrodes of the
thin film transistors disposed in a second vow of the
matvix;

first dummy gate electrodes connected to and extended
from the first gate lines in a same divection as the gate
electrodes comnnected to the first gate line, the first
dummy gate electrodes having the same shape and size
as the gate electrodes connected to the first gate line,
and each first dummy gate electrode being disposed
between adjacent gate electrodes connected to the first
gate line; and

second dummy gate electrodes connected to and extended
from the second gate lines in a same divection as the
gate electrodes connected to the second gate line, the
second dummy gate electrodes having the same shape
and size as the gate electrodes connected to the second
gate line, and each second dummy gate electrode being
disposed between adjacent gate electrodes connected
to the second gate line.
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37. The thin film transistor panel of claim 36, wherein the a second dummy drain electrode connected to the second
gate electrodes connected to the first gate line are separated pixel electrode,
from each other by a first pitch, and the first dummy gate wherein a location of the first dummy drain electrode with
electrodes are separated from each other by a second pitch respect to the first pixel electrode is different from a
which is equal to the first pitch. 5 location of the second dummy drain electrode with
38. The thin film transistor panel of claim 37, wherein the respect to the second pixel electrode.
gate electrodes connected to the second gate line are sepa- 40. The thin film z;mmfstorpanel of claim 39, wherein the
rated from each other by the first pitch, and the second second dummy drain electrode has the same shape as the

dummy gate electrodes are separated from each other by the Jirst dummy C{Mf}? electroc{e. _
second pitch. 10 41. The thin film transistor panel of claim 39, further

39. The thin film transist | of claim 36, furth COMPrISing:
comprisi;fg* i film transistor panet of claim Jurther a protective film disposed between the thin film transistors

a first pixel electrode connected to one of the thin film and ﬂ?e pixel electr odesi and having COHR?CI holes
transistors disposed in the first row; exposing the dummy drain electrvodes, the pixel elec-

a second pixel electrode connected to one of the thin film 15 trodes being connected to the dummy drain electrodes

transistors disposed in the second vow, the second pixel through the contact holes.

electrode being longitudinally adjacent to the first pixel 42 T{ze thin film transistor p?”d Of_ claim 39, further
clectrode - comprising a storage electrode line having branches over-

a first dummy drain electrode connected to the first pixel lapping the pixel electrodes.
electrode; and O
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