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1
LIQUID CRYSTAL DISPLAY

This application claims priority to Korean Patent Applica-
tion 10-2006-0003996 filed on Jan. 13, 2006 and all the
benefits accruing therefrom under 35 U.S.C. §119, the con-
tents of which are herein incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display, and
more particularly, to a liquid crystal display wherein the
brightness and display quality thereof can be improved and
the production costs thereof can also be reduced.

2. Description of the Related Art

A liquid crystal display (LCD) can be advantageously
manufactured to be smaller, lightweight and to have a larger
screen as compared with a conventional cathode ray tube
(CRT), and thus, it has been actively developed. In particular,
since the liquid crystal display has been developed enough to
perform a function of a flat panel display, it is used not only in
a monitor for a desktop computer and a large-sized display
but also in a liquid crystal of a mobile phone, a PDA, a digital
camera and a camcorder. Therefore, the application range of
the liquid crystal display is rapidly expanded.

Intheliquid crystal display, desired images can be obtained
by applying voltages to two electrodes to generate an electric
field on a liquid crystal layer and adjusting the intensity of the
generated electric field to adjust the transmissivity of light
passing through the liquid crystal layer.

In order to prevent degradation phenomena occurring
when an electric field is applied to the liquid crystal layer in
one direction for a long time, a polarity of a data signal
relative to a common voltage is reversed according to frames,
rows or dots, and a data signal with a reversed polarity is then
used. In other words, a dot inversion, an N+1 inversion and a
line inversion are used.

However, there is a problem in that power consumption is
increased in the case of the dot inversion and the N+1 inver-
sion, whereas vertical blurs occur due to the difference in
kickback and coupling capacitance between pixels in the case
of the line inversion.

BRIEF SUMMARY OF THE INVENTION

One exemplary embodiment provides a liquid crystal dis-
play wherein an arrangement of gate lines, data lines and
pixels is changed to reduce vertical blurs and power con-
sumption and to improve a charging ratio of a pixel electrode
and visibility thereof.

Another exemplary embodiment provides a liquid crystal
display including a substrate, first and second rows of pixels
each formed on the substrate and including a plurality of
pixels, a first gate line extending in a row direction on the
substrate and connected to the first row of pixels, a second
gate line extending in the row direction on the substrate and
connected to the first and second rows of pixels, a third gate
line extending in the row direction on the substrate and con-
nected to the second row of pixels and first and second data
lines extending in a column direction on the substrate to
transmit data voltages to a pixel group consisting of three
columns of pixels.

In another exemplary embodiment, the liquid crystal dis-
play may further include a first gate driving unit connected to
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the first gate line, a second gate driving unit connected to the
second gate line and a third gate driving unit connected to the
third gate line.

In another exemplary embodiment, the first, second and
third gate driving units are integrated on the substrate. In
another exemplary embodiment, the first and second gate
driving units are integrated to be opposed to each other in the
row direction.

In another exemplary embodiment, the first, second and
third gate driving units are configured to sequentially apply
gate turn on voltages to the first, second and third gate lines
for two horizontal periods (2 H). In another exemplary
embodiment, the gate turn on voltages applied to the first,
second and third gate lines are overlapped for %5 to 1 hori-
zontal period.

In another exemplary embodiment, polarities of the data
voltages applied respectively to the first and second data lines
are different from each other. In an alternative exemplary
embodiment, the polarities of the data voltages applied
respectively to the first and second data lines may be different
for adjacent pixels. In another alternative exemplary embodi-
ment, the polarities of the data voltages applied respectively
to the first and second data lines may be different for every
frame.

In another exemplary embodiment, at least one of three
adjacent pixels in the first row of pixels is connected to the
first data line while the others of the three pixels in the first
row of pixels are connected to the second data line and at least
one of three pixels in the second row of pixels is connected to
the second data line while the others of the three pixels in the
second row of pixels are connected to the first data line.

In another exemplary embodiment, each first column of
pixels in the first and second rows of pixels is connected to the
first data line, each second column of pixels in the first and
second rows of pixels is connected to the first or second data
line and each third column of pixels in the first and second
rows of pixels is connected to the second data line.

In another exemplary embodiment, two of three consecu-
tive pixels in the first row of pixels are connected to the first
data line while the other of the three pixels in the first row of
pixels is connected to the second data line and two of three
pixels in the second row of pixels are connected to the second
data line while the other of the three pixels in the second row
of pixels is connected to the first data line.

In another exemplary embodiment, two of the three col-
umns of pixels in the first row of pixels are connected to the
first gate line, the other column of pixels in the first row of
pixels and one of the three columns of pixels in the second
row of pixels are connected to the second gate line and the
other two columns of pixels in the second row of pixels are
connected to the third gate line.

In another exemplary embodiment, the three columns of
pixels in the first and second rows of pixels are provided with
the same numbers of red pixels, green pixels and blue pixels
each having the same area.

In another exemplary embodiment, each pixel includes a
switching element connected to any one of the first to third
gate lines and any one of the first and second data lines.

Another exemplary embodiment provides a method for
driving a liquid crystal display including a substrate, first and
second rows of pixels each formed on the substrate and
including a plurality of pixels, a first gate line extending in a
row direction on the substrate and connected to the first row of
pixels, a second gate line extending in the row direction on the
substrate and connected to the first and second rows of pixels,
athird gate line extending in the row direction on the substrate
and connected to the second row of pixels and first and second
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data lines extending in a column direction on the substrate to
transmit data voltages to a pixel group consisting of three
columns of pixels. The method includes the steps of applying
the data voltages to the first and second data lines and apply-
ing gate turn on voltages to the first, second and third gate
lines, respectively, for two horizontal periods (2 H).

In another exemplary embodiment, the gate turn on volt-
ages are applied to the first, second and third gate lines,
respectively, for at least 25 horizontal period.

In another exemplary embodiment, the gate turn on volt-
ages applied to the first to third gate lines may be overlapped
with one another for ¥4 to | horizontal period.

In another exemplary embodiment, polarities of the data
voltages applied respectively to the first and second data lines
are different from each other. In an alternative exemplary
embodiment, the polarities of the data voltages applied
respectively to the first and second data lines may be different
for adjacent pixels. In another alternative exemplary embodi-
ment, the polarities of the data voltages applied respectively
1o the first and second data lines may be different for every
frame.

In another exemplary embodiment, a method of forming a
liquid crystal display includes forming first and second rows
of pixels on a substrate, disposing a first gate line, a second
gate line and a third gate line on the substrate and disposing
first and second data lines on the substrate in a column direc-
tion. Fach of the first and second rows of pixels include a
plurality of pixels defining a pixel group including three
columns of pixels. The first gate line, second gate line and
third gate line extend in a row direction. The first and second
data lines transmit a data voltage to the pixel group. The first
gatelineis connected to the first row of pixels, the second gate
line is connected to the first and second row of pixels and the
third gate line is connected to the second row of pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will become apparent from the following
description of preferred embodiments given in conjunction
with the accompanying drawings, in which:

FIG. 1 is a block diagram of an exemplary embodiment of
a liquid crystal display according to the present invention;

FIG. 2 is an equivalent circuit diagram of an exemplary
embodiment of a pixel of a liquid crystal display according to
the present invention;

FIG. 3 is a schematic plan view of an exemplary embodi-
ment of a liquid crystal display according to the present
invention;

FIG. 4 is a view illustrating the arrangement of an exem-
plary embodiment of a thin film transistor display panel
according to the present invention,

FIG. 5 is a cross-sectional view of the thin film transistor
display panel taken along line A-A of F1G. 4;

FIG. 6 is a diagram illustrating an exemplary embodiment
of a polarity of the liquid crystal display shown in FIG. 4
during the line inversion thereof;

FIG. 7 is a waveform diagram of the gate driving of an
exemplary embodiment of a liquid crystal display according
to the present invention;

FIG. 8 is a block diagram of another exemplary embodi-
ment of a liquid crystal display according to the present
invention;

FIG. 9 is a schematic plan view of another exemplary
embodiment of a liquid crystal display according to the
present invention; and
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FIG.101s a diagram illustrating an exemplary embodiment
of a polarity of the liquid crystal display shown in FIG. 9
during the line inversion thereof.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, preferred embodiments of the present inven-
tion will be explained in detail with reference to the accom-
panying drawings. However, the present invention is not lim-
ited to the embodiments described below but will be
implemented in various different forms. The embodiments
are provided only to complete the disclosure of the present
invention and fully convey the scope of the present invention
to those skilled in the air. In the drawings, the size and relative
sizes of layers and regions may be exaggerated for clarity.

It will be understood that when an element or layer is
referred to as being “on” or “connected to” another element or
layer, the element or layer can be directly on or connected to
another element or layer or intervening elements or layers. In
contrast, when an element is referred to as being “directly on”
or “directly connected to”” another element or layer, there are
no intervening elements or layers present. Like numbers refer
to like elements throughout. 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, com-
ponent, 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.

Spatially relative terms, such as “below”, “lower”,
“above”, “upper” and the like, may be used herein for ease of
description to describe the relationship of one element or
feature to another element(s) or feature(s) as illustrated in the
figures. It will be understood that the spatially relative terms
are intended to encompass different orientations of the device
in use or operation, in addition to the orientation depicted in
the figures. For example, if the device in the figures 1s turned
over, elements described as “below” other elements or fea-
tures would then be oriented “above” the other elements or
features. Thus, the exemplary term “below” can encompass
both an orientation of above and below. The device may be
otherwise oriented (rotated 90 degrees or at other orienta-
tions) and the spatially relative descriptors used herein inter-
preted accordingly.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended 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 “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

Embodiments of the invention are described herein with
reference to cross-section illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
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Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein
but areto include deviations in shapes that result, for example,
from manufacturing.

For example, an implanted region illustrated as a rectangle
will, typically, have rounded or curved features and/or a gra-
dient of implant concentration atits edges rather than a binary
change from implanted to non-implanted region. Likewise, a
buried region formed by implantation may result in some
implantation in the region between the buried region and the
surface through which the implantation takes place. Thus, the
regions illustrated in the figures are schematic in nature and
their shapes are not intended to illustrate the actual shape of a
region ofa device and are not intended to limit the scope of the
invention.

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 invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

Hereinafter, the present invention will be described in
detail with reference to the accompanying drawings.

FIG. 1 is a block diagram of an exemplary embodiment of
a liquid crystal display (LCD) according to the present inven-
tion and FIG. 2 is an equivalent circuit diagram of an exem-
plary embodiment of a pixel of the liquid crystal display
according to the present invention.

Referring to FIGS. 1 and 2, the liquid crystal display
according to this embodiment includes a liquid crystal panel
assembly 300, gate driving units 400L and 400R and a data
driving unit 500 each of which is connected to the liquid
crystal panel assembly 300. The liquid crystal display further
includes a gray scale voltage generating unit 800 connected to
the data driving unit 500 and a signal control unit 600 for
controlling the above assembly and units.

In view of an equivalent circuit, the liquid crystal panel
assembly 300 includes a plurality of display signal lines D1 to
Dm and G1 to Gn and a plurality of pixels P connected to the
plurality of display signal lines and generally arranged in a
matrix form.

The display signal lines G1 to Gn and D1 to Dm include a
plurality of gate lines G1 to Gn for transmitting gate signals
(referred to as “scanning signals”) and a plurality of data lines
D1 to Dm for transmitting data signals. In general, the gate
lines G1 to Gn extend substantially in a row direction and are
substantially parallel to one another while the data lines D1 to
Dm extend substantially in a column direction and are sub-
stantially parallel to one another.

Each of the pixels includes a switching element T con-
nected to one of the display signal lines G1 to Gn and D1 to
Dm, and a liquid crystal capacitor Clc and a storage capacitor
Cst connected to the switching element. In exemplary
embodiments, the storage capacitor Cst may be omitted. In
other exemplary embodiments, the switching element T may
be a three-terminal element formed on a lower display plate
100. Control and input terminals of the switching element T
are connected to one of the gate lines G1 to Gn and one of the
data lines D1 to Dm, respectively. An output terminal of the
switching element T is connected to the liquid crystal capaci-
tor Clc and the storage capacitor Cst.

Referring to FIG. 2, the liquid crystal capacitor Clc
includes a pixel electrode 190 disposed on the lower display
plate 100 and a common electrode 270 disposed on an upper
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display plate 200 as two terminals A liquid crystal layer 3
disposed between the two electrodes 190 and 270 functions as
a dielectric. The pixel electrode 190 is connected to the
switching element T, while the common electrode 270 is
formed on a surface of the upper display plate 200, such as on
an entire surface, and applied with a common voltage Vcom.
Alternative exemplary embodiments may include configura-
tions where, the common electrode 270 may be formed on the
lower display plate 100. In other exemplary embodiments, the
pixel and common electrodes 190 and 270 may be manufac-
tured in the from of a line or bar.

In one exemplary embodiment, the storage capacitor Cst
may be formed by overlapping an additional signal line (not
shown) and the pixel electrode 190, and a predetermined
voltage such as the common voltage Vcom is applied to the
additional signal line.

To implement a color display, each pixel may uniquely
display one of a number of colors, such as one of three
primary colors (spatial division) or each pixel may alternately
display three colors over time (time division) such that a
desired color can be recognized by mean of the spatial and
temporal summation of the three colors, such as three primary
colors. FIG. 2 shows the spatial division, with each pixel
including a color filter 230 for displaying one color on a
region corresponding to the pixel electrode 190. Alternative
exemplary embodiments may include configurations where
the color filter 230 may be formed above or below the pixel
electrode 190 of the lower display plate 100.

In exemplary embodiments, the color of the color filter 230
may be one of three primary colors such as red (R), green (G)
or blue (B). For convenience in explanation, pixels may
referred to as a red, green or blue pixel according to the color
displayed by the pixel.

An outer surface of one or both of the two display plates
100 and 200 of the liquid crystal panel assembly 300 may be
provided with a polarizer (not shown) for polarizing light.
Alternative embodiments include configurations where a
compensating plate (not shown) for compensating for the
reflectivity anisotropy of the liquid crystal layer may be inter-
posed between the polarizer and the display plate 100 and/or
200.

The gray scale voltage generating unit 800 generates a
plurality of gray scale voltages related to the brightness of the
liquid crystal display, 1.e. data signals. In one preferred exem-
plary embodiment, one set of the gray scale voltages is posi-
tive relative to the common voltage Vcom while the other set
ofthe plurality of gray scale voltages is negative relative to the
common voltage Vcom.

The data driving unit 500 is connected to the data lines D1
to Dm of the liquid crystal panel assembly 300 to select a gray
scale voltage from the gray scale voltage generating unit 800
and to apply the selected gray scale voltage to the data lines
D1 to Dm as a data signal.

Referring again to FIG. 1, the gate driving units 4001, and
400R are disposed at the left and right sides, respectively, of
the liquid crystal panel assembly 300 and connected to any of
a number of consecutive gate lines G1 to Gn. In one exem-
plary embodiment, gate driving units 4001 and 400R are
connected to at least one gate line of a group of three con-
secutive gate lines G1 to G3, . . ., Gn-2 to Gn, respectively,
to apply a gate signal consisting of a gate turn on voltage Von
and a gate turn off voltage Vot to the gate lines G1 to Gn. As
shown in FIG. 1, the intermediate gate line G2 of the three
gate lines G1, G2 and G3 is connected to the right gate driving
unit 400R and the other gate lines G1 and G3 are connected to
the left gate driving unit 400L. Hereinafter, the arrangement
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ofthe gate lines, the data lines and the pixels will be explained
with reference to the drawings.

FIG. 3 is a schematic plan view of an exemplary embodi-
ment of a liquid crystal display according to the the present
invention.

Referring to FIG. 3, three gate lines G1 to G3 and G4 to G6
are disposed at the top and bottom of two rows of pixels and
therebetween. The gate lines may be connected to the pixels
through thin film transistors T. Each of a pair of data lines,
such as D1 and D2, D3 and D4 and D5 and D6, is disposed at
the leftmost and rightmost sides of three columns of pixels
and is connected to the pixels through the thin film transistors
T.

A number of pixels are disposed in a row at the top and
bottom, respectively, defining a group of pixels. Data lines D1
and D2, D3 and D4, and D5 and D6 are disposed at outer sides
of the grouped pixels, respectively. The pixels in the top and
bottom rows adjacent to the data lines D1 and D2, D3 and D4,
and D5 and D6, respectively, are connected to the adjacent
data lines D1 and D2, D3 and D4, and D5 and D6, respec-
tively. Center pixels of the grouped pixels disposed in the top
row are connected to different data lines from the center
pixels disposed in the bottom row. As shown in FIG. 3, center
pixels disposed at the bottom row are connected to data lines
D1, D3, D5. Center pixels disposed at the top row are con-
nected to data lines or D2, D4, D6, respectively. In one exem-
plary embodiment, three pixels are disposed in a row at the
top and bottom of a group of pixels, respectively. Gate lines
G1 to G3 and G4 to G6 are disposed at the top, middle and
bottom of each group of the pixels. A set of two pixels among
pixels adjacent to the gate lines G1 to G3 and G4 to G6 is
connected to each of three gate lines G1 to G3 and G4 to G6.

In other words, first gate lines G1 and G4 are connected to
the pixels positioned at the first and third columns in the first
row through the thin film transistors. Second gate lines G2
and G5 are connected to the pixels positioned at the second
column in the first row and the second column in the second
row through the thin film transistors. Third gate lines G3 and
(6 are connected to the pixels positioned at the first and third
columns in the second row through the thin film transistors.

First data lines D1, D3 and D5 are connected to the pixels
positioned at the first column in the first row and the first and
second columns in the second row. Second data lines D2, D4
and D6 are connected to the pixels positioned at the second
and third columns in the first row and the third column in the
second row.

As described above, the repeated unit of the pixels (shown
by a dotted line in FIG. 3) includes six pixels consisting of
three top pixels and three bottom pixels. In this case, the three
top and/or bottom pixels include red (R), green (G) and/or
blue (B) pixels. A plurality of the aforementioned repeated
unit of pixels is substantially arranged in a matrix form. In
exemplary embodiments, the red, green and blue pixels in the
repeated unit may have the same area and/or number.

Referring to FIG. 3, a first pixel in the first row is referred
1o as a first pixel, and the other two pixels in the first row are
referred to as second and third pixels, respectively (as indi-
cated by the circled numerals “1,” “2” and “3”). Further, the
first pixel in the second row is referred to as a fourth pixel, and
the other two pixels in the second row are referred to as fifth
and sixth pixels, respectively (as indicated by the circled
numerals “4,” “5” and *“6”). In addition, the gate lines of a
group of three gate lines, such as gatelines G1, G2 and G3, are
referred to as first to third gate lines, respectively. Two data
lines, such as data lines D1 and D2, are referred to as first and
second data lines.

25

45

50

60

65

8

The first pixel is connected to the first gate line G1 and the
first data line D1, the second pixel is connected to the second
line G2 and the second data line D2, and the third pixel is
connected to the first gate line G1 and the second data line D2.
Further, the fourth pixel is connected to the third gate line G3
and the first data line D1, the fifth pixel is connected to the
second gate line G2 and the first data line D1, and the sixth
pixelis connected to the third gate line G3 and the second data
line D2.

The present invention is not limited thereto. In alternative
exemplary embodiments, the first to sixth pixels may be con-
nected to the first to third gate lines G1, G2 and G3 and the
first and second data lines D1 and D2 in various ways. In
exemplary embodiments, a half of the pixels (such as takenin
rows of the repeated unit) can be connected to the first and
second data lines D1 and D2 and each third (such as taken in
columns of the repeated unit) of the pixels can be connected
to the first to third gate lines G1, G2 and G3. In one exemplary
embodiment, the aforementioned connection between the
second and fifth pixels (center pixels) and the data lines may
be changed. The second pixel may be connected to the second
gate line G2 and the first data line D1, while the fifth pixel
may be connected to the second gate line G2 and the second
data line D2.

The number of data lines may be reduced by 3 through the
aforementioned arrangement. Advantageously, the number of
data driving ICs for driving the data lines may also be
reduced. Further, the number of gate lines can be reduced by
¥. Advantageously, the number of gate driving ICs for driv-
ing the gate lines may also be reduced. An aperture ratio of the
liquid crystal display may then be increased through the
reduction in the number of the gate lines. Furthermore, an
area of a circuit (for example, a shift register) for driving the
gate lines can be reduced by % and a margin of the area of the
gate driving circuit, which is difficult to repair, may be
increased. Although it has been in the this embodiment that
the gate driving portions 400L and 400R are disposed at both
sides of the liquid crystal panel assembly 300, the present
invention is not limited thereto. Alternative exemplary
embodiments may include configurations where, the gate
driving portions may be disposed at one side of the liquid
crystal panel assembly 300. Furthermore, the exemplary
embodiments described hereinabove may improve the vis-
ibility of the liquid crystal display by essentially applying the
black matrix to each dot.

Hereinafter, the structure of the lower display plate of the
liquid crystal panel assembly according to the aforemen-
tioned embodiment will be explained with reference to the
drawings.

FIG. 4 is a view illustrating the arrangement of an exem-
plary embodiment of a thin film transistor display panel
according to the present invention and FIG. 5 is a sectional
view of the thin film transistor display panel taken along line
A-A of FIG. 4.

Referring to FIGS. 4 and 5, the thin film transistor display
panel includes a plurality of gate lines 1214, 1215 and 121c¢
formed on an insulating substrate 110, such as a transparent
glass substrate. A plurality of storage electrode lines (not
shown) may also be formed together with the gate lines. The
gate lines 121a, 1215 and 121¢ primarily extend in a trans-
verse direction and a portion of each gate line 121a, 1215 or
121¢ protrudes upward and/or downward to form a gate elec-
trode 124. In one exemplary embodiment, three gate lines
121a,121bhand 121¢ may be repeated multiple times and may
be considered as a group of gate lines.

A gateinsulating film 140 is formed on the gate lines 121a,
1215 and 121c. The gate insulating film 140 may include an
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insulating film, including but not limited to, an oxide film or
a nitride film. An active layer 151 is formed on the gate
insulating film 140. The active layer 151 may include, but is
not limited to, a silicone film. An ohmic contact layer 161 is
formed on the active layer 151. The ohmic contact layer 161
may include, but is not limited to, a silicide or impurity doped
silicone film. A drain electrode 175 and a source electrode
174 and a plurality of data lines 1714 and 1715 connected to
the source electrode 174 are formed on the ohmic contact
layer 161.

The data lines 171a and 1715 primarily extend in the
lengthwise direction. In one exemplary embodiment, two
data lines 171a and 1715 may be repeated multiple times and
may be considered as a group of data lines.

The source electrode 174 and the drain electrode 175 are
separated from each other and are positioned at the opposite
sides of the gate electrode 124. A thin film transistor may be
formed to include the gate electrode 124, the source electrode
174 and the drain electrode 175. Further, a channel of the thin
film transistor may be formed in the active layer 151 between
the source electrode 174 and the drain electrode 175.

A passivation film 180 is formed on the thin film transistor
considered as including the gate electrode 124, the source
electrode 174 and the drain electrode 175. Contact holes
exposing portions of the gate lines 121a, 1215 and 121¢, the
drain electrode 175 and the data lines 171a and 1715 are
formed in the passivation film 180. A plurality of pixel elec-
trodes 190 is formed on the passivation film 180 and contact
pads (not shown) are formed on the contact holes. The pixel
electrodes 190 may include, but are not limited to, indium tin
oxide (ITO) or indium zinc oxide (IZ0).

The pixel electrode 190 is physically and electrically con-
nected to the drain electrode 175 through any one of the
contact pads, such that a data voltage is applied from the drain
electrode to the pixel electrode. The pixel electrode generates
an electric field together with the common electrode 270
(such as shown in FIG. 2) and causes molecules of the liquid
crystal layer 3 between the two electrodes 190 and 270 to be
rearranged.

An alignment film (not shown) for aligning the liquid crys-
tal layer may be coated on the aforementioned pixel electrode
190.

In preferred exemplary embodiments, the gate lines 121a,
1215 and 121c, the data lines 171a and 1715, the source
electrode 174, and the drain electrode 175 may include Cr,
MoW, Cr/Al, Cu, AI(Nd), Mo/Al, Mo/AI(Nd) and/or Cr/Al
(Nd).

Hereinafter, an exemplary embodiment of the general
operation of the liquid crystal display shown in FIG. 1 will be
explained with reference to the aforementioned thin film tran-
sistor display panel.

The gray scale voltage generating unit 8§00 generates two
sets of gray scale voltages (data signals) associated with the
transmissivity of the pixel. One set of gray scale voltages is
positive relative to the common voltage Veom, while the other
set is negative relative to the common voltage Vcom. The gate
driving unit 400 is connected to the gate lines G1 to Gn of the
liquid crystal panel assembly 300 to apply a gate signal con-
sisting of a gate turn on voltage Von and a gate turn off voltage
Voff to the gate lines G1 to Gn. The data driving unit 500 is
connected to the data lines D1 to Dm of the liquid crystal
panel assembly 300 to select a gray scale voltage from the
gray scale voltage generating unit 800 and to apply the
selected gray scale voltage as a data signal to the pixel.

In exemplary embodiments, a plurality of gate driving inte-
grated circuits or data driving integrated circuits are mounted
on a tape carrier package (TCP) (not shown) in the form of a
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chip such that the TCP can be attached to the liquid crystal
panel assembly 300. In alternative exemplary embodiments,
the integrated circuit chips may be attached directly onto the
glass substrate without the TCP (referred to a chip on glass
(COG) mounting). Other alternative embodiments include
configurations with a circuit for performing the same function
as the integrated circuits formed directly on the liquid crystal
panel assembly 300 together with the thin film transistor of
the pixel. A signal control unit 600 controls the operations of
the units of the LCD, such as the gate driving unit 400 and the
data driving unit 500.

The signal control unit 600 receives input image signals R,
G and B and input control signals for controlling the display
of the input image signals, including but not limited to, a
vertical synchronization signal Vsyne, a horizontal synchro-
nization signal Hsync, a main clock CLK, a data enable signal
DE, from an external graphic controller (not shown). The
image signals R, G and B are processed to satisfy the operat-
ing condition of the liquid crystal panel assembly 300 based
on the input image signals R, G and B and the input control
signals from the signal control unit 600, and gate and data
control signals CONT1 and CONT? are generated. Then, the
gate control signal CONT1 is transmitted to the gate driving
unit 400.

The processing of the image signals R, G and B includes
the operation for rearranging the image signal R, G and B in
accordance with the pixel arrangement of the liquid crystal
panel assembly. The gate control signal CONT1 may include,
but is not limited to, a vertical synchronization start signal
STV for indicating the start of the output of the gate turn on
voltage Von, a gate clock signal CPV for controlling the
output timing of the gate turn on voltage Von and an output
enable signal OF for defining the duration of the gate turn on
voltage Von. The data control signal CONT2 may include, cut
is not limited to, a horizontal synchronization start signal
STH for indicating the start of the transmission of the image
data DAT, a load signal TP for instructing to apply corre-
sponding data voltages to the data lines D1 to Dm, a reverse
signal RVS for reversing the polarity of the data voltage
relative to the common voltage Vcom (hereinafter, ‘the polar-
ity of the data voltage relative to the common voltage’ is
shortened to as ‘the polarity of the data voltage’) and a data
clock signal CLK.

The data driving unit 500 sequentially receives a set of the
image data DAT for a half of one row of pixels according to
the data control signal CONT2 transmitted from the signal
control unit 600 and converts the received image data DAT
into corresponding data voltages by selecting the gray scale
voltage corresponding to the respective image data DAT
transmitted from the gray scale voltages from the gray scale
voltage generating unit 800. The data driving unit 500 then
applies the converted data voltages to the corresponding data
lines D1 to Dm.

The gate driving unit 400 sequentially applies the gate turn
on voltages Von to the gate lines G1 to Gn according to the
gate control signal CONT1 transmitted from the signal con-
trol unit 600 to turn on the switching element T connected to
the gate lines G1 to Gn, so that the data voltages applied to the
data lines D1 to Dn are in turn applied to the corresponding
pixels through the turned-on switching element T.

The difference between the common voltage Vcom and the
data voltage applied to the pixel is expressed as a charging
voltage of the liquid crystal capacitor Cle, i.e. a pixel voltage.

The arrangement of the liquid crystal molecules is changed
depending on the magnitude ofthe pixel voltage, and thus, the
polarization of light passing through the liquid crystal layer 3
is changed. This variation of the polarization of light may be



US 7,796,106 B2

11

expressed as a variation of the transmissivity of light through
the polarizer (not shown) attached to the display plates 100
and/or 200.

In one exemplary embodiment, the data driving unit 500
and the gate driving unit 400 may repeat the same operations
every % horizontal period (or alternatively, % H). In this
manner, the gate turn on voltages are sequentially applied to
the gate lines for one frame, and thus, the data voltages are
applied to all pixels. After one frame has been ended, the next
frame starts wherein the status of the reverse signal RVS
applied to the data driving unit 500 is controlled such that the
polarity of the data voltage applied to each pixel is reversed
relative to the polarity of the data voltage in the previous
frame (referred to as a frame inversion). Further, the polarity
of the data voltage passing through one data line may be
changed according to the characteristic of the reverse signal
RVS even within one frame or the polarities of the data
voltages simultaneously passing through the adjacent data
lines may be different from each other (dot inversion and line
inversion).

Hereinafter, the line inversion according to this embodi-
ment will be explained with reference to the drawings.

FIG. 6 is a diagram illustrating an exemplary embodiment
of a polarity of the liquid crystal display shown in FIG. 4
during the line inversion thereof.

Referring to FIG. 6, the data voltages passing through one
dataline always have the same polarities and the data voltages
passing through two data lines adjacent to the data line have
the opposite polarities. That is, the pixels adjacent to data
lines have the same polarities as the respective data line, and
the top and bottom pixels disposed at the center between the
data lines have the opposite polarities. In one preferred exem-
plary embodiment, if three pixels are disposed at the top and
the bottom, respectively, of a repeated unit of the pixels the
central pixels have opposite polarities. In another exemplary
embodiment, the reverse pattern of the basic repeated unit
may be repeated in a matrix form in the same manner.

FIG. 7 is a waveform diagram of the gate driving of an
exemplary embodiment of a liquid crystal display according
to the present invention.

Referring to FIG. 7, the data signals are supplied, for a
period of 2H, to the pixels disposed in a row direction and
connected to three gate lines. That is, the data signals are
charged into the pixels by driving each of gate lines for a
period of 35H.

Referring to FIGS. 3, 4 and 7, the gate turn on voltage is
first applied to the first gate line for the first 25H to supply the
data signals to the first and third pixels connected to the first
gateline. The gate turn on voltage is applied to the second gate
line for the second %5H to supply the data signals to the second
and fifth pixels connected to the second gate line. The gate
turn on voltage is applied to the third gate line for the third
%H to supply the data signals to the fourth and sixth pixels
connected to the third gate line.

The data signals may be sufficiently charged into the pixels
for a period of 25H. In other exemplary embodiments, the
charging ratio of the data signals into the pixels may be further
increased through the pre-charging. In one exemplary
embodiment, it may be effective that the first to third gate
lines are overlapped for a certain period and the data signals
are pre-charged for the overlapped period. In one preferred
exemplary embodiment, the overlapped period is within a
range of Y4H to 1H. Advantageously, since the charging time
is increased, the horizontal blurs do not occur during the N+1
driving.

Although it has been described in this embodiment that the
gate turn on voltages are applied sequentially to the first,
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second and third gate lines, the present invention is not lim-
ited thereto. That is, the order of the gate turn on voltages to
be applied may be changed.

Further, this invention is not limited to the above structures.
The connections between the pixels and the gate lines or data
lines in the aforementioned arrangement of the gate lines, the
data lines and the pixels may be variously changed. Another
exemplary embodiment of a liquid crystal display according
to the present invention includes a modified connection rela-
tionship between the pixels and the gate lines or data lines.
The descriptions same as those in the first embodiment will be
omitted herein.

FIG. 8 is a block diagram of another exemplary embodi-
ment a liquid crystal display according to the present inven-
tion. FIG. 9 is a schematic plan view of another exemplary
embodiment of a liquid crystal display according to the
present invention. FIG. 10 is a diagram illustrating an exem-
plary embodiment of a polarity of the liquid crystal display
shown in FIG. 9 during the line inversion thereof.

Referring to FIG. 8, the liquid crystal display includes a
liquid crystal panel assembly 300, a gate driving unit 400 and
a data driving unit 500 connected to the liquid crystal panel
assembly 300, a gray scale voltage generating unit 800 con-
nected to the data driving unit 500 and a signal control unit
600 for controlling the assembly and units. At this time, the
gate driving unit 400 is foiled at one side of the liquid crystal
panel assembly 300. The gate driving unit 400 for driving the
gate lines G1 to Gn may be disposed at the side of the liquid
crystal panel assembly 300 in consideration of the margin
thereof.

Referring to FIGS. 8 and 9, groups of three gate lines, such
as G1 to G3 and G4 to G6, are disposed at the top, bottom and
between two rows of pixels. The groups of gate lines are
connected to the pixels through thin film transistors T. A
group of pairs of data lines D1 and D2, D3 and D4, and D5 and
D6 is disposed at the leftmost and rightmost sides of a group
of pixels including three columns of pixels. The data lines are
connected to the pixels through the thin film transistors T.

Three pixels are disposed at the top and bottom, respec-
tively, of the group of pixels and two data lines D1 and D2, D3
and D4, and D5 and D6 are disposed at both sides of each
group of the pixels, the data lines being disposed in substan-
tially the column direction. Three gate lines G1 to G3 and G4
to G6 are disposed at both sides (such as top and bottom) and
in the middle of the pixels in the row direction.

The first gate line G1 or G4 is connected to the second and
third top pixels. The second gate line G2 or G5 is connected
to the first top pixel and the third bottom pixel. The third gate
line G3 or G6 is connected to the first and second bottom
pixels.

The first data line D1, D3 or D5 is connected to the second
top pixel and the first and third bottom pixels. The second data
line D2, D4 or D6 is connected to the first and third top pixels
and the second bottom pixel.

The repeated unit of the pixels includes six pixels consist-
ing of three top pixels and three bottom pixels. The three top
or bottom pixels include red (R), green (G) and/or blue (B)
pixels. A plurality of the aforementioned repeated unit of
pixels may be arranged in a matrix form.

Hereinafter, a first pixel in the first row is referred to as a
first pixel, and the other two pixels in the first row are referred
to as second and third pixels (as indicated by the circled
numerals “1,”“2” and “3”). Further, a first pixel in the second
row is referred to as a fourth pixel, and the other two pixels in
the second row are referred to as fifth and sixth pixels (as
indicated by the circled numerals “4,” “5” and “6”). In addi-
tion, the gate lines of a group of three consecutive gate lines
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are referred to as first to third gate lines G1, G2 and G3,
respectively, and the two adjacent data lines are referred to as
first and second data lines D1 and D2.

The first pixel is connected to the second gate line G2 and
the second data line D2, the second pixel is connected to the
first line G1 and the first data line D1 and the third pixel is
connected to the first gate line G1 and the second data line D2.
Further, the fourth pixel is connected to the third gate line G3
and the first data line D1, the fifth pixel is connected to the
third gate line G3 and the second data line D2 and the sixth
pixel is connected to the second gate line G2 and the first data
line D1.

As described above, the first and third top pixels (first and
third pixels) are connected to one data line while the second
top pixel (second pixel) is connected to the other data line.
The first and third bottom pixels (fourth and sixth pixels) are
connected to the other data line while the second bottom pixel
(fifth pixel) is connected to the one data line. Of course, the
present invention is not limited thereto but may be variously
changed according to the connection relationship between the
pixels and the gate lines.

In one exemplary embodiment, the first pixel is connected
to the first gate line G1 and the first data line D1, the second
pixel is connected to the first line G1 and the second data line
D2, and the third pixel is connected to the second gate line G2
and the first data line D1. Further, the fourth pixel is con-
nected to the third gate line G3 and the second data line D2,
the fifth pixel is connected to the second gate line G2 and the
first data line D1, and the sixth pixel is connected to the
second gate line G2 and the second data line D2.

The liquid crystal display so configured can perform a dot
inversion, an N+1 inversion, a line inversion and a frame
inversion. The line inversion will be explained with reference
1o FIG. 10.

Referring to FIG. 10, in the line inversion driving, the
voltages passing through one data line have the same polari-
ties as each other, and the data voltages passing through two
datalines adjacent to the data line have the opposite polarities.

The three top pixels have reversed voltage characteristics
against respective adjacent pixels, and the three bottom pixels
have reversed voltage characteristics against the respective
adjacent bottom pixels and also against the adjacent top pix-
els.

The connection relationship between the pixels and the
data lines or gate lines as shown in FIG. 9 will be discussed
below. When the first gate line G1 is driven, a positive data
signal is charged into the second pixel connected thereto
through the first data line D1 and a negative data signal is
charged into the third pixel connected thereto through the
second data line D2. When the second gate line G2 is driven,
a negative data signal is charged into the first pixel connected
thereto through the second data line D2 and a positive data
signal is charged into the sixth pixel connected thereto
through the first data line D1. When the third gate line G3 is
driven, a positive data signal is charge into the fourth pixel
connected thereto through the first data line D1 and a negative
data signal is charged into the fifth pixel connected thereto
through the second data line D2. Since the polarities of the
pixels disposed at the top, bottom, left and right sides thereof
are opposite from one another different, a coupling ratio
between the pixels is substantially uniform within a repeated
unit of pixels. Advantageously, the brightness difference
between the pixels within the repeated unit of pixels due to the
pixel voltage difference can be reduced or effectively pre-
vented.

In one exemplary embodiment, three top pixels and three
bottom pixels are included in a repeated unit of pixels such
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that the color characteristic of each repeated unit of pixels
may be uniform. Advantageously, a variety of blurs due to a
coupling difference can be reduced or effectively prevented.

In another exemplary embodiment, since the pixels posi-
tioned at the top and the bottom can be driven for 24H by
means of three gate lines, the charging margin of the data
signal may be increased and an effect of the secondary kick-
back can also be reduced. In addition, horizontal blurs may be
reduced or effectively prevented during the N+1 inversion.

In another exemplary embodiment, since three top pixels
and three bottom pixels are driven by three gate lines and two
data lines, the gate lines can be reduced up to % times and the
data lines can also be reduced up to /3 times. Advantageously,
the design margin and the aperture ratio of the liquid crystal
display may be increased.

In another exemplary embodiment, as the numbers of the
gate lines and data lines are reduced, the number of the
driving ICs for driving the gate lines and data lines may also
be reduced. Advantageously, the production costs of the lig-
uid crystal display may be reduced. Further, since an area for
the circuit for driving the gate lines may be increased when
the circuit is provided on a substrate, a sufficient process
margin may be obtained during the manufacture of the liquid
crystal display.

In another exemplary embodiment, the brightness differ-
ence between the pixels and thus the blurs due to the bright-
ness difference may be reduced or effectively prevented by
changing the arrangement of the gate lines, the data lines and
the pixels. Accordingly, a liquid crystal display with reduced
power consumption, increased charging ratio of the pixel
electrode, and improved visibility thereof may be obtained.

Although the present invention has been described with
reference to the preferred embodiments illustrated in connec-
tion with the accompanying drawings, the present inventionis
not limited thereto but is defined by the appended claims.
Therefore, it will be readily understood by those skilled in the
art that various modifications and changes can be made
thereto without departing from the spirit and scope of the
present invention defined by the appended claims.

What is claimed is:

1. A liquid crystal display, comprising:

a substrate;

a first and a second row of pixels each formed on the
substrate and including a plurality of pixels;

a first gate line extending in a row direction on the substrate
and connected to the first row of pixels;

a second gate line extending in the row direction on the
substrate and connected to the first and second rows of
pixels;

a third gate line extending in the row direction on the
substrate and connected to the second row of pixels; and

first and second data lines each extending in a column
direction on the substrate to transmit a data voltage to a
pixel group consisting of three columns of pixels,

wherein two of the three adjacent pixels in the first row of
pixels are connected to the first gate line, the other pixel
in the first row of pixels and one of the three pixels in the
second row of pixels are connected to the second gate
line, and the other two pixels in the second row of pixels
are connected to the third gate line.

2. The liquid crystal display as claimed in claim 1, further

comprising;

a first gate driving unit connected to the first gate line and
the third gate line; and

a second gate driving unit connected to the second gate
line.
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3. The liquid crystal display as claimed in claim 2, wherein
the first and second gate driving units are integrated on the
substrate.

4. The liquid crystal display as claimed in claim 2, wherein
the first and second gate driving units are integrated to be
opposite to each other in the row direction.

5. The liquid crystal display as claimed in claim 2, wherein
the first and second gate driving units are configured to
sequentially apply gate turn on voltages to the first, second
and third gate lines for two horizontal periods (2H).

6. The liquid crystal display as claimed in claim 5, wherein
the gate turn on voltages applied to the first, second and third
gate lines are overlapped for %5 to 1 horizontal period.

7. The liquid crystal display as claimed in claim 1, wherein
polarities of the data voltages applied respectively to the first
and second data lines are different from each other.

8. The liquid crystal display as claimed in claim 1, wherein
polarities of the data voltages applied respectively to the first
and second data lines are different for adjacent pixels.

9. The liquid crystal display as claimed in claim 1, wherein
polarities of the data voltages applied respectively to the first
and second data lines are different for every frame.

10. The liquid crystal display as claimed in claim 1,
wherein at least one of three adjacent pixels in the first row of
pixels is connected to the first data line while the other of the
three pixels in the first row of pixels are connected to the
second data line and at least one of three pixels in the second
row of pixels is connected to the second data line while the
others of the three pixels in the second row of pixels are
connected to the first data line.

11. The liquid crystal display as claimed in claim 1,
wherein each first column of pixels in the first and second
rows of pixels is connected to the first data line, each second
column of pixels in the first and second rows of pixels is
connected to the first or second data line and each third
column of pixels in the first and second rows of pixels is
connected to the second data line.

12. The liquid crystal display as claimed in claim 11,
wherein two of three consecutive pixels in the first row of
pixels are connected to the first data line while the other of the
three pixels in the first row of pixels is connected to the second
data line, and two of three pixels in the second row of pixels
are connected to the second data line while the other of the
three pixels in the second row of pixels is connected to the first
data line.

13. A method for driving a liquid crystal display compris-
ing a substrate, firstand second rows of pixels each formed on
the substrate and including a plurality of pixels, a first gate
line extending in a row direction on the substrate and con-
nected to the first row of pixels, a second gate line extending
in the row direction on the substrate and connected to the first
and second rows of pixels, a third gate line extending in the
row direction on the substrate and connected to the second
row of pixels, and first and second data lines extending in a
column direction on the substrate to transmit data voltages to
a pixel group consisting of three columns of pixels, wherein
wo of the three adjacent pixels in the first row of pixels are
connected to the first gate line, the other pixel in the first row
of pixels and one of the three pixels in the second row of pixels
are connected to the second gate line, and the other two pixels
in the second row of pixels are connected to the third gate line,

the method comprising:

applying the data voltages to the first and second data
lines; and

applying gate turn on voltages to the first, second and
third gate lines, respectively, for two horizontal peri-
ods (2H).
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14. The method as claimed in claim 13, wherein the gate
turn on voltages are applied to the first, second and third gate
lines, respectively, for at least %3 horizontal period.

15. The method as claimed in claim 13, wherein the gate
turn on voltages applied to the first, second and third gate lines
are overlapped with one another for ¥4 to 1 horizontal period.

16. The method as claimed in claim 13, wherein polarities
of the data voltages applied respectively to the first and sec-
ond data lines are different from each other.

17. The method as claimed in claim 13, wherein polarities
of the data voltages applied respectively to the first and sec-
ond data lines are different for adjacent pixels.

18. The method as claimed in claim 13, wherein polarities
of the data voltages applied respectively to the first and sec-
ond data lines are different for every frame.

19. A method of forming a liquid crystal display compris-
ing:

forming first and second rows of pixels on a substrate, each

of the first and second rows of pixels comprising a plu-
rality of pixels defining a pixel group comprising three
columns of pixels;

disposing a first gate line, a second gate line and a third gate

line on the substrate, the first gate line, second gate line
and third gate line extending in a row direction; and

disposing first and second data lines on the substrate in a

column direction;

wherein the first and second data lines transmit a data

voltage to the pixel group;

wherein two of the three adjacent pixels in the first row of

pixels are connected to the first gate line, the other pixel
in the first row of pixels and one of the three pixels in the
second row of pixels are connected to the second gate
line, and the other two pixels in the second row of pixels
are connected to the third gate line, and

wherein the first gate line is connected to the first row of

pixels, the second gate line is connected to the first and
second row of pixels and the third gate line is connected
to the second row of pixels.

20. The method as claimed in claim 19, wherein the three
columns of pixels in the first and second rows of pixels com-
prise the same numbers of red pixels, green pixels and blue
pixels each having the same area.

21. The method as claimed in claim 19, wherein each pixel
comprises a switching element connected to any one of the
first to third gate lines and any one of the first and second data
lines.

22. The liquid crystal display as claimed in claim 1,
wherein each of the first to third gate lines is connected to %5
pixels of the pixels included in the pixel group.

23. The method as claimed in claim 13, wherein each of the
first to third gate lines is connected to %4 pixels of the pixels
included in the pixel group.

24. The method as claimed in claim 19, wherein each of the
first to third gate lines is connected to % pixels of the pixels
included in the pixel group.

25. The liquid crystal display as claimed in claim 1,
wherein

the first and second data lines of the pixel group are differ-

ent from the first and second data lines of an adjacent
pixel group, and

each of the first and second data lines is connected to half

of the pixels of the pixel group.
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