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(7) ABSTRACT

A liquid crystal display includes a substrate including a
longer first side and a shorter second side, a plurality of gate
lines disposed on the substrate, a plurality of data lines dis-
posedon the substrate perpendicular to and insulated from the
gate lines, and a plurality of pixel electrodes, each pixel
electrode electrically connected to a data line by a switching
element, wherein a number of the gate lines is about half ofa
number of the pixel electrodes, and the data lines extend in a
direction which is substantially parallel to a direction of the
first side.
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PIXEL ARRAY LAYOUT OF A LIQUID
CRYSTAL DISPLAY

This application claims priority to Korean Patent Applica-
tion No. 10-2008-0112843, filed on Nov. 13, 2008, and all the
benefits accruing therefrom under 35 U.S.C. §119, the con-
tents of which in its entirety are herein incorporated by ref-
erence.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

This disclosure relates to a pixel array layout of a liquid
crystal display.

(b) Description of the Related Art

A data driver for a liquid crystal display (“LLCD”) is more
expensive than a LCD gate driver, and it can be difficult to
integrate a data driver on a glass substrate using an amorphous
silicon (“a-S1”) thin film transistor (“TFT”") and provide a data
driver having high mobility. In addition, a cost of a data driver
can exponentially increase according to the number of chan-
nels in an LCD. Therefore it would be desirable to decrease
the number of data driver and/or the number of gate driver
channels to reduce manufacturing cost.

FIG. 11is a schematic plan view of a prior art LCD. FIG.2A
is a plan view of the LCD of FIG. 1 showing a pixel array
layout, and FIG. 25 is an equivalent circuit diagram of the
pixel array layout of FIG. 2A.

AsshowninFIGS. 1, 2a, and 25, the prior art LCD includes
a plurality of gate lines Gi, including a first to a fourth gate
lines G, to G, 5, and a plurality of data lines Di, including a
first to a fourth data lines D,, to D, , 5 a pixel electrode 11, a
storage electrode 12, a TFT 13, a data driver 14, and a gate
driver 15.

This configuration decreases the number of data driver
channels by one third compared to a commercially available
pixel array layout wherein the data line is a column line,
which extends in a column direction, by using the data line Di
as row line and removing gate driver integrated circuits
(“IC”s) by directly integrating the gate driver 15 on a glass
substrate, in a pixel array manufacturing process, to reduce
manufacturing cost.

As shown in FIGS. 2a and 25, two data lines, the first and
the second data lines D,, and D, ,, are disposed in one row
pixel stripe 16, and one gate line, the first gate line G,, is
disposed in one column pixel stripe 17. The gate lines Gi are
electrically connected in pairs and TFTs 13 are disposed in a
zigzag fashion and are electrically connected to a correspond-
ing data line Di and gate line Gi. Therefore, a data signal can
be simultaneously applied to two pixel electrodes in two
corresponding column pixel stripes and sufficient pixel
charging time can be provided.

In the addition, to prevent a texture, which can be caused by
a gate field and which may cause distortion, the storage elec-
trode 12 can be disposed in close proximity to the gate line Gi.

In this configuration, however, because the gate line Gi is
disposed in every column pixel stripe 17, and storage elec-
trode 12 is disposed in close proximity to the gate line Gi, the
aperture ratio is reduced. Furthermore, since two gate lines
are electrically connected to one output terminal of the gate
driver 15, aload of a gate line Gi can be relatively high so that
a size of gate driver 15 may be increased. Therefore, a glass
substrate use efficiency and a panel design margin can be
reduced.

BRIEF SUMMARY OF THE INVENTION

The above described and other drawbacks are alleviated by
a liquid crystal display wherein the number of gate lines is
approximately halved.
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In an embodiment, two pixel electrodes are disposed
between substantially every two neighboring gate lines and
thin film transistors are arranged in a zigzag fashion wherein
at least one thin film transistor is centered on a gate line and
electrically connects two pixel electrodes with two data lines,
and a single gate turn on signal is used in every row pixel
stripe.

Disclosed herein is a liquid crystal display including a
substrate including a longer first side and a shorter second
side; a plurality of gate lines disposed on the substrate; a
plurality of data lines disposed on the substrate perpendicular
to and insulated from the gate lines; and a plurality of pixel
electrodes, each pixel electrode electrically connected to a
data line by a switching element, wherein anumber of the gate
lines is about half of a number of the pixel electrodes, and the
data lines extend in a direction which is substantially parallel
to a direction of the first side.

Also disclosed is a liquid crystal display, including a sub-
strate including a longer first side and a shorter second side; a
plurality of gate lines disposed on the substrate; a plurality of
data lines disposed on the substrate perpendicular to and
insulated from the gate lines; and a plurality of pixel elec-
trodes, each pixel electrode electrically connected to a data
line by a switching element, wherein the data lines extend in
a direction which is substantially parallel to a direction of the
first side, and two pixel electrodes are disposed between
substantially every two neighboring gate lines.

Also disclosed is a method of manufacturing a liquid crys-
tal display, the method comprising forming a substrate having
a longer first side and a shorter second side; disposing a
plurality of gate lines on the substrate; disposing a plurality of
data lines on the substrate perpendicular to and insulated from
the gate lines; and electrically connecting each of a plurality
of pixel electrodes to a data line by a switching element,
wherein a number of the gate lines is about half of a number
of the pixel electrodes, and the data lines extend in a direction
which is substantially parallel to a direction of the first side.

These and other features, aspects, and advantages of the
disclosed embodiments will become better understood with
reference to the following description and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosed subject matter is particularly pointed out and
distinctly claimed in the claims at the conclusion of the speci-
fication. The foregoing and other objects, features, and advan-
tages of the disclosed embodiments are apparent from the
following detailed description taken in conjunction with the
accompanying drawings in which:

FIG. 1 is a schematic plan view of a prior art LCD;

FIG. 2A is a plan view showing a pixel array layout of the
LCDin FIG. 1;

FIG. 2B is an equivalent circuit diagram of the pixel array
layout in FIG. 2A,

FIG. 3isaplan view showing an exemplary embodiment of
an LCD;

FIG. 4A is a plan view showing an exemplary embodiment
of a pixel array layout of the LCD in FIG. 3; and

FIG. 4B is an equivalent circuit diagram of an exemplary
embodiment of the pixel array layout in FIG. 4A.

The detailed description explains the disclosed embodi-
ments, together with advantages and features, by way of
example with reference to the drawings.

DETAILED DESCRIPTION OF THE INVENTION

Aspects, advantages and features of the present invention
and methods of accomplishing the same may be understood
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more readily by reference to the following detailed descrip-
tion of preferred embodiments and the accompanying draw-
ings. The present invention may, however, may be embodied
in many different forms and should not be construed as being
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete and will fully convey the concept of
the invention to those skilled in the art, and the present inven-
tion will only be defined by the appended claims. Like refer-
ence numerals refer to like elements throughout the specifi-
cation.

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. 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”, “upper”
and the like, may be used herein for ease of description to
describe one element or feature’s relationship to another ele-
ment(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 is turned over, ele-
ments described as “below” or “lower” relative to other ele-
ments or features would then be oriented “above” relative to
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 orientations) and the spatially relative
descriptors used herein interpreted 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.
Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein
butare to include deviations in shapes that result, for example,
from manufacturing.
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For example, an implanted region illustrated as a rectangle
will, typically, have rounded or curved features and/or a gra-
dient of implant concentration at its 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 of a 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.

All methods described herein can be performed in a suit-
able order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

Hereinafter, the present invention will be described in
detail with reference to the accompanying drawings. How-
ever, the aspects, features and advantages of the present
invention are not restricted to the ones set forth herein. The
above and other aspects, features and advantages of the
present invention will become more apparent to one of ordi-
nary skill in the art to which the present invention pertains by
referencing a detailed description of the present invention
given below.

FIG. 3 isaplan view showing an exemplary embodiment of
an LCD. FIG. 4A is a plan view showing an exemplary
embodiment of a pixel array layout of the LCD in FIG. 3, and
FIG. 4B is an equivalent circuit diagram of an exemplary
embodiment of the pixel array in FIG. 4A.

As shown in FIGS. 3, 4A, and 4B, a plurality of data lines
Di, which comprises the first to the fourth data lines D, to
D,,,; are disposed as row lines extending in a row direction,
and a plurality of gate lines Gi, which comprise the first to the
fourth gate lines G,, to G,,,, are disposed as column lines
extending in a column direction. In an embodiment, a data
driver 24 is disposed on a lateral side of a substrate and a gate
driver 25 is disposed on an upper side of the substrate. In
another embodiment, a data driver 24 is disposed on the upper
side of a substrate and the gate driver 25 is disposed on the
lateral side of the substrate. Thus, the location of the data
driver 24 and the gate driver 25 is not limited.

In an information technologies (“IT”) LCD panel or a
television (“TV”) LCD panel, the number of column lines can
be greater than the number of row lines. In addition, a data
driver for a LCD canbe more expensive than a gate driver and
acost of a data driver can exponentially increase according to
a number of channels. Therefore, it can be desirable for the
data line Di to be a row line and extend in a row direction,
rather than a column line extending in a column direction, to
reduce a manufacturing cost.

Because the number of gate lines Gi can be increased if the
gate line Giis used as a column line, a pixel charging time can
be reduced. For example, in an embodiment where a data line
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is a row line and a gate line is a column line in a high
resolution LCD, such as a WXGA+ (comprising 1440x900
pixels and operating at 75 Hz, for example) wherein a fast
driving technology is applied, the real pixel charging time is
about 2 microseconds (is). As a result, it can be difficult to
drive a LCD panel uniformly and stably with a-Si TFT
because a mobility of an a-Si TFT is relatively low.

Therefore, in order to obtain sufficient pixel charging time,
as shown in FIGS. 4A, and 4B, two data lines, such as the first
and the second data lines D, and D, , |, are disposed in a row
pixel stripe 26 and the first gate line G, is disposed in one
column pixel stripe 27. Two pixel electrodes, such as the first
and the second pixel electrodes 215 and 214, are alternately
connected to an odd and an even data line, such as the first and
the second data lines D, and D, , |, by two TFTs, such as the
first and the second TFTs 236 and 23a, respectively, and the
two TFTs, such as the first and the second TFTs 235 and 23a
are simultaneously turned on by a single gate line, such as the
first gate line G,,, disposed in the row pixel stripe 26. Thus,
two data signals can be applied to two pixel electrodes, such
as the first and the second pixel electrodes 215 and 214, which
are disposed adjacently in a row direction, through two data
lines, such as the first and the second data lines D, and D, |,
at the same time. Accordingly, a pixel charging time can be
doubled using this configuration.

In addition, for dot inversion driving, the polarity of the
data signals applied to the data lines, such as the first to the
fourth data lines D, D _,,, D, .,,and D, _,, for example, can
be changed alternately according to a column direction.

In an embodiment, a number of the gate lines can be about
half of a number of the gate lines in a prior art LCD, as
illustrated in FIGS. 1, 24, and 25, even though a number of the
data lines can be the same. Therefore an aperture ratio can be
increased.

Furthermore, a load of a gate line connected to an output
terminal of the gate driver may be reduced compared to the
prior art LCD illustrated in FIGS. 1, 24, and 25 because the
number of the gate lines per output terminal of the gate driver
can be reduced. Thus, in an embodiment, a channel dimen-
sion of a gate driver’s output TFT can be reduced when using
an amorphous silicon gate driver (“ASG”) technology, which
directly integrates the gate driver on a glass substrate. Thus, it
has been observed that the total size of gate driver circuit 25
can be reduced. Therefore a glass use efficiency can be
improved.

In addition, a storage electrode 22 can be disposed adjacent
to an edge of a pixel electrode edge and between two gate
lines, such as the first and the second gate lines G, and G, ;.
A part of the storage electrode 22 disposed between two
neighboring pixel electrodes, such as the first pixel electrode
215 and a third pixel electrode 21¢, may be overlapped with
the neighboring pixel electrodes, such as the first and the third
pixel electrodes 215 and 21¢, or the storage electrode 22
disposed between two neighboring pixel electrodes, such as
the first and the third pixel electrodes 215 and 21¢, may not be
overlapped with the neighboring pixel electrodes, such as the
first and the third pixel electrodes 215 and 21c¢.

The disclosed pixel array can comprise a line width which
is greater than a line width of a commercially available pixel
array, and an increased line width of the storage electrode 22
can provide several benefits.

First, a coupling capacitance between two neighboring
pixel electrodes, such as the first and the third pixel electrodes
214 and 21c¢ can be reduced.
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Second, a size of a light shielding element located on an
opposite substrate (not shown) can be reduced by shielding
light emitted from a backlight module, increasing an aperture
ratio of the LCD.

Third, the disclosed LCD is compatible with liquid crystals
having a fast response characteristic because a load of the
storage electrode 22 can be reduced and a ratio of a capaci-
tance of a storage capacitor to a capacitance of a liquid crystal
capacitor (“Cst/Clc”) can be maintained at a larger value.

As stated above, the disclosed LCD has many advantages,
such as high aperture ratio, high glass use efficiency, low
manufacturing cost, and good compatibility with a liquid
crystal having a fast response characteristic.

Various other modifications (such as variable pixel elec-
trode structure, and variable driving mode, for example) dif-
ferent from the above disclosed embodiment will be apparent
and can be readily made by those skilled in the art without
departing from the scope and spirit of this invention. Accord-
ingly, it is not intended that the scope of this disclosure be
limited to the description as set forth herein.

What is claimed is:

1. A liquid crystal display comprising:

a substrate having a longer first side and a shorter second
side;

a plurality of gate lines disposed on the substrate:

a plurality of data lines disposed on the substrate perpen-
dicular to and insulated from the gate lines;

a plurality of pixel electrodes, each pixel electrode electri-
cally connected to a data line by a switching element;
and

a plurality of storage electrodes, wherein the storage elec-
trodes are disposed alternately with the gate lines,

wherein the data lines extend in a direction which is sub-
stantially parallel to a direction of the first side, the gate
lines extend in a direction substantially perpendicular to
the direction of the first side, a number of the gate lines
is about half of a number of pixel electrodes in a row of
the pixel electrodes extending in the data lines extension
direction, and neighboring pixel electrodes in the gate
lines extension direction are connected to respective
neighboring data lines.

2. The liquid crystal display of claim 1, wherein two pixel
electrodes are disposed between substantially every two
neighboring gate lines.

3. The liquid crystal display of claim 2, further comprising
a plurality of thin film transistors, wherein the thin film tran-
sistors are disposed in a zigzag fashion and wherein at least
one thin film transistor is centered on a gate line.

4. The liquid crystal display of claim 1, wherein the first
side 1s an upper side and the second side is a lateral side, and
the data line is a row line.

5. The liquid crystal display of claim 1, wherein the first
side is a lateral side and the second side is an upper side, and
the data line is a column line.

6. The liquid crystal display of claim 1, wherein a number
of the data lines is about twice the number of the pixel elec-
trodes in a column extending in the gate lines extension
direction.

7. The liquid crystal display of claim 1, further comprising
a plurality of thin film transistors, wherein the thin film tran-
sistors are disposed in a zigzag fashion and wherein at least
one thin film transistor is centered on a gate line.

8. The liquid crystal display of claim 1, wherein each of the
storage electrodes are disposed substantially adjacent to an
edge of a pixel electrode edge of the each pixel electrode and
between two gate lines.
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9. The liquid crystal display of claim 1, wherein a pair of
pixel electrodes are adjacent to two data lines,

wherein a shape of one of the pair of pixel electrode and a

shape of the other of the pixel electrode are symmetric to
the two data lines.

10. The liquid crystal display of claim 1, wherein the polar-
ity of data signals applied to the data lines is changed alter-
nately according to a column direction.

11. The liquid crystal display of claim 1, wherein the polar-
ity of data signals applied to each of a pair of pixel electrodes,
which are adjacent to each other in a row direction or a
column direction, is different.

12. The liquid crystal display of claim 1, wherein a first
switching element is electrically connected to a first data line,
a second switching element is electrically connected to a
second data line, a third switching element is electrically
connected to a third data line, a fourth switching element is
electrically connected to a fourth data line, and

wherein the second switching element and the third ele-

ment are in a first column region, and the first switching
element and the fourth element are in a second column
region.

13. A liquid crystal display, comprising:

a substrate comprising a longer first side and a shorter

second side;

a plurality of gate lines disposed on the substrate;

a plurality of data lines disposed on the substrate perpen-

dicular to and insulated from the gate lines;

aplurality of pixel electrodes, each pixel electrode electri-

cally connected to a data line by a switching element;
and
a plurality of storage electrodes, wherein the storage elec-
trodes are disposed alternately with the gate lines,

wherein the data lines extend in a first direction which is
substantially parallel to a direction of the longer first
side, the gate lines extend in a direction substantially
perpendicular to the direction of the first side, and neigh-
boring pixel electrodes in the gate lines extension direc-
tion are connected to respective neighboring data lines,
and

two pixel electrodes extending in the data lines extension

direction are disposed between substantially every two
neighboring gate lines.

14. The liquid crystal display of claim 13, wherein a num-
ber of the data lines is about twice a number of the pixel
electrodes in a column extending in the gate lines extension
direction.

15. The liquid crystal display of claim 13, further compris-
ing a plurality of thin film transistors, wherein the thin film
transistors are disposed in a zigzag fashion, and wherein at
least one thin film transistor is centered on a gate line.

16. The liquid crystal display of claim 13, wherein a num-
ber of the gate lines is about half of a number of the pixel
electrodes in a row of the pixel electrodes extending in the
data lines extension direction.
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17. The liquid crystal display of claim 13, wherein each of
the storage electrodes are disposed substantially adjacent to
an edge of a pixel electrode edge of the each pixel electrode
and between two gate lines.

18. The liquid crystal display of claim 13, wherein a pair of
pixel electrodes are adjacent to two data lines,

wherein a shape of one of the pair of pixel electrode and a

shape of the other of the pixel electrode are symmetric to
the two data lines.

19. The liquid crystal display of claim 13, wherein the
polarity of data signals applied to the data lines is changed
alternately according to a column direction.

20. The liquid crystal display of claim 13, wherein the
polarity of data signals applied to each of a pair of pixel
electrodes, which are adjacent to each other in a row direction
or a column direction, is different.

21. The liquid crystal display of claim 13, wherein a first
switching element is electrically connected to a first data line,
a second switching element is electrically connected to a
second data line, a third switching element is electrically
connected to a third data line, a fourth switching element is
electrically connected to a fourth data line, and

wherein the second switching element and the third ele-

ment are in a first column region, and the first switching
element and the fourth element are in a second column
region.

22. A method of manufacturing a liquid crystal display, the
method comprising:

forming a substrate having a longer first side and a shorter

second side;

disposing a plurality of gate lines on the substrate;

disposing a plurality of data lines on the substrate perpen-

dicular to and insulated from the gate lines;

disposing a plurality of storage electrodes alternately with

the gate lines; and

electrically connecting each of a plurality of pixel elec-

trodes to a data line by a switching element,

wherein the data lines extend in a first direction which is

substantially parallel to a direction of the first side, the
gate lines extend in a direction substantially perpendicu-
lar to the direction of the first side, a number of the gate
lines is about half of a number of pixel electrodes in a
row of the pixel electrodes extending in the data lines
extension direction, and neighboring pixel electrodes in
the gate lines extension direction are connected to
respective neighboring data lines.

23. The method of manufacturing a liquid crystal display of
claim 22, wherein the disposing a plurality of storage elec-
trodes alternately with the gate lines includes each of the
storage electrodes disposed substantially adjacent to an edge
of a pixel electrode edge of the each pixel electrode and
between two gate lines.

* #* * #* #®



patsnap

EREW(OF) RBETRNEEED T B
DFH(RE)S UsS8743304 NIF(AEH)A 2014-06-03
RiES US12/435533 FigH 2009-05-05

FRIFBENPAGE) ZEBFHALH
i (E R AGR) SAMSUNG ELECTRONICS CO. , LTD.
LETERIB(ERR)A(E) = EDISPLAY CO. , LTD.

[FRIRBAA KIM YOON JANG
KWON YEONG KEUN
AHN SOON IL
PARK KYUNG HO

KA KIM, YOON-JANG
KWON, YEONG-KEUN
AHN, SOON-IL
PARK, KYUNG-HO

IPCH %S GO02F1/136 G02F1/1343

CPCoE= G02F2201/40 G02F1/136213 G02F1/13454 G02F1/136286

RIEBHEOF) ERERRMBELLP

TER(F) WON , BUMSUK

BHEHE R (IF) % , CHARLES

R 1020080112843 2008-11-13 KR

H AN FF SOk US20100118221A1

SAEBEEHE Espacenet USPTO

BEGR) 2
~HRBETE A B, SERKNE—UARENE-N: SR L S R d -
Wik | RBEERLSEKEL  REEERL  EETHMREHAS R R
MR 4 5 BUR SRR BIR | FMRE BB T 5% T4 s T n

B HPSRMBEONSMREBRN—¥ | HEENERTTTF oD

5 B4 F5 I 5 — T 2~ = D

\ = DATA SCAN
/ —:>



https://share-analytics.zhihuiya.com/view/381cc0ec-8006-44dc-969d-aad4977d8d7a
https://worldwide.espacenet.com/patent/search/family/040886169/publication/US8743304B2?q=US8743304B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8743304.PN.&OS=PN/8743304&RS=PN/8743304

