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(57) ABSTRACT

A liquid crystal display (LCD) and methods of driving same.
In one embodiment, the LCD) includes a plurality of gate
lines, {G,}, spatially arranged along a row direction; a plu-
rality of data lines, {D,,}, spatially arranged along a column
direction perpendicular to the row direction, and a plurality of
pixels, {P, ,}, spatially arranged in the form of a matrix,
wherem=1,2,...,M,n=1,2,...,N,and M and N are positive
integers. Bach pixel P, , is defined between two neighboring
gate lines G, and G,,, , and two neighboring data lines D, and
D, ..., and comprises a first sub-pixel electrode, a second
sub-pixel electrode, a first transistor having a gate electrically
coupled to the gate line G, |, a source and a drain electrically
coupled to the first sub-pixel electrode, a second transistor
having a gate electrically coupled to the gate line G, a source
electrically coupled to the source of the first transistor and a
drain electrically coupled to the second sub-pixel electrode,
and a third transistor having a gate electrically coupled to the
gate line G, ,, a source electrically coupled to one of the two
neighboring data lines D, and D, , | and a drain electrically
coupled to the sources of the first and second transistors.
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LIQUID CRYSTAL DISPLAY AND METHODS
OF DRIVING SAME

FIELD OF THE INVENTION

[0001] The present invention relates generally to a liquid
crystal display (LCD), and more particularly, to an LCD that
utilizes an HSD3 driving scheme to reduce power consump-
tion and improve performance and methods of driving same.

BACKGROUND OF THE INVENTION

[0002] A liquid crystal display (LCD) device includes an
LCD panel formed with liquid crystal cells and pixel elements
with each associating with a corresponding liquid crystal cell
and having a liquid crystal (LC) capacitor and a storage
capacitor, a thin film transistor (TFT) electrically coupled
with the liquid crystal capacitor and the storage capacitor.
These pixel elements are substantially arranged in the form of
a matrix having a number of pixel rows and a number of pixel
columns. Typically, gate signals are sequentially applied to
the number of pixel rows for sequentially turning on the pixel
elements row-by-row. When a gate signal is applied to a pixel
row to turn on corresponding TFTs of the pixel elements of a
pixel row, source signals (i.e., image signals) for the pixel row
are simultaneously applied to the number of pixel columns so
as to charge the corresponding liquid crystal capacitor and
storage capacitor of the pixel row for aligning orientations of
the corresponding liquid crystal cells associated with the
pixel row to control light transmittance therethrough. By
repeating the procedure for all pixel rows, all pixel elements
are supplied with corresponding source signals of the image
signal, thereby displaying the image signal thereon.

[0003] TItisknownifasubstantially high voltage potential is
applied in the liquid crystal layer for a long period of time, the
optical transmission characteristics of the liquid crystal mol-
ecules may change. This change may be permanent, causing
an irreversible degradation in the display quality of the LCD.
Inorder to prevent the LC molecules from being deteriorated,
an LCD device is usually driven by using techniques that
alternate the polarity of the voltages applied across a LC cell.
These techniques may include inversion schemes such as
frame inversion, row inversion, column inversion, and dot
inversion. Typically, notwithstanding the inversion schemes,
a higher image quality requires higher power consumption
because of frequent polarity conversions. Such LCD devices,
in particular thin film transistor (TFT) LCD devices, may
consume significant amounts of power.

[0004] Approaches for reducing the power consumption of
an LCD exist, such as a half source driving configuration of
pixels, as shown in FIG. 6, which is referred to HSD2 in the
disclosure. FIG. 6(a) shows waveforms of gate signals g, and
2, sequentially applied to gate lines G1 and G2 of the LCD,
respectively. FIGS. 6(5)-(f) show corresponding charging and
holding processes of two sub-pixels P1 and P2 defined by two
gate lines G1 and G2 and two data lines D1 and D2. For such
an approach, during the timing sequences (states), t0, t1, . ..
, and t4, the sub-pixel P2 has twice feed-throughs but the
sub-pixel P1 has only one feed-through. Accordingly, the
potential voltages charged in the sub-pixels P1 and P2 are
different. The non-uniformity of the potential voltages in the
sub-pixels P1 and P2 cause the mura effect, a defect in inten-
sity in displayed images.
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[0005] Therefore, a heretofore unaddressed need exists in
the art to address the aforementioned deficiencies and inad-
equacies.

SUMMARY OF THE INVENTION

[0006] The present invention, in one aspect, relates to an
LCD. In one embodiment, the LCD includes a plurality of
gate lines, {G,},n=1,2, ..., N, N being an integer greater
than zero, spatially arranged along a row direction, a plurality
ofdatalines, {D, }, m=1,2,...,M, Mbeing aninteger greater
than zero, spatially arranged crossing the plurality of gate
lines {G,,} along a column direction perpendicular to the row
direction, and a plurality of pixels, {P,, .}, spatially arranged
in the form of a matrix.

[0007] Each pixel P, , is defined between two neighboring
gate lines G, and G,,, ; and two neighboring data lines D,, and
D,..,, and comprises a first sub-pixel electrode, a second
sub-pixel electrode, a first transistor having a gate electrically
coupled to the gate line G, . a source and a drain electrically
coupled to the first sub-pixel electrode, a second transistor
having a gate electrically coupled to the gate line G, , a source
electrically coupled to the source of the first transistor and a
drain electrically coupled to the second sub-pixel electrode,
and a third transistor having a gate electrically coupled to the
gate line G, , ,, a source electrically coupled to one of the two
neighboring data lines D, and D,,, | and a drain electrically
coupled to the sources of the first and second transistors. In
one embodiment, the source of the third transistor of the pixel
P, .. is electrically coupled to the data line D,,. In another
embodiment, the source of the third transistor of the pixel P,, ,
is electrically coupled to the data line D,, when n is an odd
positive integer, or electrically coupled to the data line D, , |
when n is an even positive integer.

[0008] Additionally, the LCD also includes a gate driver for
generating a plurality of gate signals respectively applied to
the plurality of gate lines {G, }, wherein the plurality of gate
signals is configured to turn on the transistors connected to the
plurality of gate lines {G,} in a predefined sequence, and a
data driver for generating a plurality of data signals respec-
tively applied to the plurality of data lines {D,,}, wherein the
plurality of data signals is configured such that any two neigh-
boring data signals have inverted polarities. Each of the plu-
rality of gate signals is configured to have a waveform. The
waveform has a first voltage potential V, in a first duration,
T';, a second voltage potential V, in a second duration, T',, a
third voltage potential V5 in a third duration, I';, a fourth
voltage potential V,, in a fourth duration, I',, and a fifth volt-
age potential Vs in a fifth duration, I's, where the (j+1)-th
duration I, is immediately after the j-th duration I',, j=1, 2,
3 and 4, V,=V,=V>V,=V, T=T'/2, I.=T,-1)72, T =,
I's=I';, and ', >>t. In one embodiment, the waveform of each
of the gate signals is sequentially shifted from one another by
the duration of T';.

[0009] In one embodiment, the LCD further includes at
least one common electrode formed in relation to the first and
second sub-pixel electrodes of each pixel P, .

[0010] In one embodiment, each pixel P,  further com-
prises a liquid crystal (L.C) capacitor, a second LC capacitor,
a first storage capacitor and a second storage capacitor. The
first LC capacitor and the first storage capacitor are electri-
cally coupled between the first sub-pixel electrode and the at
least one common electrode in parallel. The second LC
capacitor and the second storage capacitor are electrically
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coupled between the second sub-pixel electrode and the at
least one common electrode in parallel.

[0011] Inone embodiment, the first sub-pixel electrode, the
first transistor, the first LC capacitor, and the first storage
capacitor of each pixel P, ,, define a first sub-pixel, P, (1), 0f
the pixel P, .. The second sub-pixel electrode, the second
transistor, the second LC capacitor, and the second storage
capacitor of each pixel P, ,, define a second sub-pixel, P
(2), of the pixel P, ,

[0012] In another aspect, the present invention relates to a
method of driving an LCD. In one embodiment, the method
includes the step of providing an LCD comprising a plurality
of gate lines, {G,},n=1, 2, .. ., N, N being an integer greater
than zero, spatially arranged along a row direction, a plurality
ofdatalines, {D,,}, m=1,2, ..., M, M beingan integer greater
than zero, spatially arranged crossing the plurality of gate
lines {G,,} along a column direction perpendicular to the row
direction, and a plurality of pixels, {P,, .}, spatially arranged
in the form of a matrix.

[0013] Each pixel P, ,, is defined between two neighboring
gatelines G, and G,H 1 and two neighboring data lines D,, and
D,,.1,» and comprises a first sub-pixel electrode, a second
sub-pixel electrode, a first transistor having a gate electrically
coupled to the gate line G, |, a source and a drain electrically
coupled to the first sub-pixel electrode, a second transistor
having a gate electrically coupled to the gate line G, a source
electrically coupled to the source of the first transistor and a
drain electrically coupled to the second sub-pixel electrode,
and a third transistor having a gate electrically coupled to the
gate line G,,, ,, a source electrically coupled to one of the two
neighboring data lines D, and D, ,, and a drain electrically
coupled to the sources of the first and second transistors. In
one embodiment, the source of the third transistor of the pixel
P, 1s electrically coupled to the data line D,,. In another
embodiment, the source of the third transistor of the pixel P, ,
1s electrically coupled to the data line D, when n is an odd
positive integer, or electrically coupled to the data line D
when n is an even positive integer.

[0014] The method also includes the step of applying a
plurality of gate signals to the plurality of gate lines {G,,} and
a plurality of data signals to the plurality of data lines {D, },
respectively, wherein the plurality of gate signals is config-
ured to turn on the transistors connected to the plurality of
gate lines {G, } in a predefined sequence, and the plurality of
data signals is configured such that any two neighboring data
signals have inverted polarities.

[0015] In one embodiment, each of the plurality of gate
signals is configured to have a waveform. The waveform has
a first voltage potential V| in a first duration, I'}, a second
voltage potential V, in a second duration, T,, a third voltage
potential V; in a third duration, I';, a fourth voltage potential
V, in a fourth duration, I, and a fifth voltage potential V5 in
a fifth duration, I';, where the (j+1)-th duration I, ; is imme-
diately after the j-th duration I, j=1, 2, 3 and 4,
V=V =V >V =V, T =I'/2, T,=T,-t)2,T,= =l and
I';>>t. In one embodiment, the waveform of each of the gate
signals is sequentially shifted from one another by the dura-
tion of T;.

[0016] Inyetanother aspect, the present invention relates to
an LCD. In one embodiment, the LCD panel comprises a
plurality of pixels, {P, , }, spatially arranged in the form of a
matrix, n=1,2, ..., N,andm=1, 2, ..., M, and N, M being
an integer greater than zero. Each pixel P, ,, includes a first
sub-pixel electrode, a second sub-pixel electrode, a first

st n,m
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switching element electrically coupled to the first sub-pixel
electrode, a second switching element electrically coupled to
the second sub-pixel electrode, and a third switching element
electrically coupled to the first and second switching ele-
ments.
[0017] The LCD further comprises a plurality of gate lines,
{G,}, spatially arranged along a row direction. Each pair of
two neighboring gate lines G, and G, defines a pixel row
P, (m Of the pixel matrix {P, } therebetween and is electri-
cally coupled to the first and second switching elements of
each pixel in the pixel row P, 1,1, respectively.
[0018] The LCD also comprises a plurality of data lines,
{D,,}, spatially arranged crossing the plurality of gate lines
{G, } along a column direction perpendicular to the row direc-
tion. Each pair of two neighboring data lines D,, and D, ,
defines a pixel column, P, . of the pixel matrix {P, .}
therebetween, and is electrically coupled to the third switch-
ing element of each pixel P, ,, in the pixel column, Py, ,,.
[0019] Moreover, the LCD includes a gate driver for gen-
erating a plurality of gate signals respectively applied to the
plurality of gate lines {G,}, wherein the plurality of gate
signals is configured to turn on the switching elements con-
nected to the plurality of gate lines {G,} in a predefined
sequence, and a data driver for generating a plurality of data
signals respectively applied to the plurality of data lines
{D,,}, wherein the plurality of data signals is configured such
that any two neighboring data signals have inverted polarities.
[0020] Inoneembodiment, the first sub-pixel electrode and
the first switching element of each pixel P, define a first
sub-pixel, P, (1), of the pixel P, . The second sub- pixel
electrode and the second switching element ofeach pixel P, ,
define a second sub-pixel, P, ,(2), of the pixel P, .
[0021] In one embodiment, each of the first, second and
third swnchlng elements of the pixel P, ,, of the pixel matrix
{P,...} is a field-effect thin film trans1stor having a gate, a
source and a drain. The gate, the source and the drain of the
first switching element of the pixel P, , are electrically
coupled to the gate line G,,, |, the source ofthe second switch-
ing element of the pixel P,, , and the first sub-pixel electrode
of the pixel P, ,,, respectlvely The gate, the source and the
drain of the second switching element of the pixel P, , are
electrically coupled to the gate line G,,, the source of the first
switching element of the pixel P,, . and the second sub-pixel
electrode of the pixel P, , respectively. In one embodiment,
the gate, the source and the drain of the third switching
element of the pixel P, are electrically coupled to the gate
line G,,,, the data line D , and the sources of the first and
second switching elements of the pixel P, ,, respectively. In
another embodiment, the gate and the drain of the third
switching element of the pixel P,, , are electrically coupled to
the gate line G,,, and the sources of the first and second
switching elements of the pixel P, ,, respectively, while the
source of the third transistor of the pixel P, ,, is electrically
coupled to the data line D,, when nis an odd positive integer,
or electrically coupled to the dataline D,,,, when nis an even
positive integer.
[0022] Ina further aspect, the present invention relates to a
method of driving an LCD. In one embodiment, the method
includes the step of providing an LCD comprising (a) a plu-
rality of pixels, {P, .}, spatially arranged in the form of a
matrix,n=1,2,...,N,and m=1, 2, .. ., M, and N, M being
an integer greater than zero, each pixel P, ,, comprising a first
sub-pixel electrode, a second sub-pixel electrode, a first
switching element electrically coupled to the first sub-pixel
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electrode, a second switching element electrically coupled to
the second sub-pixel electrode, and a third switching element
electrically coupled to the first and second switching ele-
ments, (b) a plurality of gate lines, {G, }, spatially arranged
along a row direction, wherein each pair of two neighboring
gate lines G, and G, ,, defines a pixel row P, of the pixel
matrix {P, , } therebetween and is electrically coupled to the
first and second switching elements of each pixel in the pixel
row P, (. respectively, and (c) a plurality of data lines,
{D,.}, spatially arranged crossing the plurality of gate lines
{G, } along acolumn direction perpendicular to the row direc-
tion. Each pair of two neighboring data lines D,, and D,,,,
defines a pixel column, Py, . of the pixel matrix {P,,}
therebetweer, and is electrically coupled to the third switch-
ing element of each pixel P, ,, in the pixel column, Py,;; .
[0023] In one embodiment, each of the first, second and
third switching elements of the pixel P,, , of the pixel matrix
{P, .} is a field-effect thin film transistor having a gate, a
source and a drain. The gate, the source and the drain of the
first switching element of the pixel P, are electrically
coupled to the gate line G, , ;, the source of the second switch-
ing element of the pixel P,, ., and the first sub-pixel electrode
of the pixel P, ,, respectively. The gate, the source and the
drain of the second switching element of the pixel P, ,, are
electrically coupled to the gate line G, the source of the first
switching element of the pixel P,, ., and the second sub-pixel
electrode of the pixel P, , respectively. The gate, the source
and the drain of the third switching element of the pixel P, ,
are electrically coupled to the gate line G, , ,, the data line D,
and the sources of the first and second switching elements of
the pixel P, ., respectively. The gate, the source and the drain
of the third switching element of the pixel P,  are electri-
cally coupled to the gate line G, , 5, the dataline D, . |, and the
sources of the first and second switching elements of the pixel
P,..1 . respectively.

[0024] The method also includes the step of applying a
plurality of gate signals to the plurality of gate lines {G, } and
a plurality of data signals to the plurality of data lines {D,,},
respectively, wherein the plurality of gate signals is config-
ured to turn on the switching elements connected to the plu-
rality of gate lines {G,} in a predefined sequence, and the
plurality of data signals is configured such that any two neigh-
boring data signals have inverted polarities.

[0025] In one embodiment, each of the plurality of gate
signals is configured to have a waveform. The waveform has
a first voltage potential V, in a first duration, I', a second
voltage potential V, in a second duration, I',, a third voltage
potential V5 in a third duration, I';, a fourth voltage potential
V., in a fourth duration, T, and a fifth voltage potential V5 in
afifth duration, I's, where the (j+1)-th duration T',, ; is imme-
diately after the j-th duration I', j=1, 2, 3 and 4,
V=V,=V>V,=V, T,-T /2, T,=T,-t)2,T,~ =T, and
I';>>t. The waveform of each of the gate signals is sequen-
tially shifted from one another by the duration of I',.

[0026] Theseand otheraspects of the present invention will
become apparent from the following description of the pre-
ferred embodiment taken in conjunction with the following
drawings, although variations and modifications therein may
be affected without departing from the spirit and scope of the
novel concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings illustrate one or more
embodiments of the invention and, together with the written
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description, serve to explain the principles of the invention.
Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements
of an embodiment, wherein:

[0028] FIG. 1 shows schematically a partial layout view of
an LCD according to one embodiment of the present inven-
tion;

[0029] FIG. 2 shows time charts of driving signals applied
to the LCD shown in FIG. 1,

[0030] FIG. 3 shows schematically pixel charging and
holding processes (a)-(d) of the LCD shown in FIG. 1;
[0031] FIG. 4 shows simulation results of the pixel voltage
potentials of the LCD for the gate signals shown in FIG. 1;
[0032] FIG. 5 shows schematically an LCD according to
another embodiment of the present invention, (a) an equiva-
lent circuit diagram, and (b) time charts of driving signals;
[0033] FIG. 6 shows schematically pixel charging and
holding processes (a) and (b) of the LCD shown in FIG.5; and
[0034] FIG. 7 shows time charts of driving signals (a) and
pixel charging and holding processes (b)-(f) of a conventional
LCD.

DETAILED DESCRIPTION OF THE INVENTION

[0035] The present disclosure is more particularly
described in the following examples that are intended as
illustrative only since numerous modifications and variations
therein will be apparent to those skilled in the art. Various
embodiments of the disclosure are now described in detail.
Referring to the drawings, like numbers indicate like compo-
nents throughout the views. As used in the description herein
and throughout the claims that follow, the meaning of “a”,
“an”, and “the” includes plural reference unless the context
clearly dictates otherwise. Also, as used in the description
herein and throughout the claims that follow, the meaning of
“in” includes “in” and “on” unless the context clearly dictates
otherwise.

[0036] The terms used in this specification generally have
their ordinary meanings in the art, within the context of the
disclosure, and in the specific context where each term is
used. Certain terms that are used to describe the disclosure are
discussed below, or elsewhere in the specification, to provide
additional guidance to the practitioner regarding the descrip-
tion of the disclosure. The use of examples anywhere in this
specification, including examples of any terms discussed
herein, is illustrative only, and in no way limits the scope and
meaning of the disclosure or of any exemplified term. Like-
wise, the disclosure is not limited to various embodiments
given in this specification.

[0037] As used herein, “around”, “about” or “approxi-
mately” shall generally mean within 20 percent, preferably
within 10 percent, and more preferably within 5 percent of a
given value or range. Numerical quantities given herein are
approximate, meaning that the term “around”, “about” or
“approximately” can be inferred if not expressly stated.
[0038] As used herein, the terms “comprising,” “includ-
ing,” “having,” “containing,” “involving,” and the like are to
be understood to be open-ended, i.e., to mean including but
not limited to.

[0039] The term “HSD2”, as used herein, refers to a pixel
arrangement and driving scheme of an LCD in which each
pixel defined two neighboring gate lines is configured to have
first and second switches electrically coupled to the two
neighboring gate lines, respectively. The term “HSD3”, as
used herein, refers to a pixel arrangement and driving scheme
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of an LCD in which each pixel defined two neighboring gate
lines is configured to have first, second and third switches.
The first and second switches are electrically coupled to the
wo neighboring gate lines, respectively, while the third
switch is electrically coupled to the first and second switches
and a third gate line that is immediately next to the two
neighboring gate lines.
[0040] Thedescription will be made as to the embodiments
of the present invention in conjunction with the accompany-
ing drawings in FIGS. 1-6. In accordance with the purposes of
this invention, as embodied and broadly described herein, this
invention, in one aspect, relates to an LCD that utilizes an
HSD3 driving scheme to reduce power consumption and
improve performance and methods of driving same.
[0041] Referring to FIG. 1, an LCD panel 100 according to
one embodiment of the present invention is partially and
schematically shown. The LCD panel 100 includes a plurality
of gatelines, G|, Gy, . . ., G, G, 115 Gypp2s Gprnss - < -, Gy, that
are spatially arranged along a row (horizontal) direction, and
a plurality of data lines, Dy, Dy, ..., D,, Dyt i Doaos Do
.., D, that are spatially arranged crossing the plurality of
gatelines G|, Gs, ..., G,. G,.1, G0 G,uss - - ., Gyralong a
column (vertical) direction that is perpendicular to the row
direction. N and M are integers greater than one. The LCD
panel 100 further has a plurality of pixels, {P,,,}, that is
spatially arranged in the form of a matrix. Each pixel P, , is
defined between two neighboring gate lines G,, and G, and
two neighboring data lines D,, and D, , ;. For the purpose of
illustration of embodiments of the present invention, FIG. 1
schematically shows only four gate lines G,,, G, ;, G,,,, and
G,,5, two data lines D, , and D, ,, and three corresponding
pixels of the LCD panel 100.
[0042] The pixel P, , located, for example, between two
neighboring gate lines G, and G, , ; and two neighboring data
lines D, and D,,,, crossing the two neighboring gate lines G,
and G, ,, has a first sub-pixel electrode P1, a second sub-
pixel electrode P2, a first transistor 111, a second transistor
112 and a third transistor 113.
[0043] The first transistor 111 has a gate electrically
coupled to the gate line G, , ;, a source and a drain electrically
coupled to the first sub-pixel electrode P1. The second tran-
sistor 112 has a gate electrically coupled to the gate line G, a
source electrically coupled to the source of the first transistor
111 and a drain electrically coupled to the second sub-pixel
electrode P2. The third transistor 113 has a gate electrically
coupled to the gate line G,,, ,, a source electrically coupled to
one of the two neighboring data lines D,,and D,,, ; and a drain
electrically coupled to the sources of the first and second
transistors 111 and 112. In the exemplary embodiment shown
in FIG. 1, the source of the third transistor 113 of the pixel
P, . 1s electrically coupled to the data line D,, when n is an
odd positive integer, or electrically coupled to the data line
D,,., when n is an even positive integer. In another embodi-
ment as shown in FIG. 5 below, the source of the third tran-
sistor 113 of the pixel P, , is electrically coupled to the data
line D,,.
[0044] Additionally, the LCD 100 also includes at least one
common electrode (not shown) formed in relation to the first
and second sub-pixel electrodes P1 and P2 of each pixel P, .
AsshowninFIG. Sbelow, eachpixel P, , may further include
a first LC capacitor, C,, a second LC capacitor, C,,, a first
storage capacitor, Cg,, and a second storage capacitor, Cg,.
The first LC capacitor C; , and the first storage capacitor Cg,
are electrically coupled between the first sub-pixel electrode
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P1 and the at least one common electrode in parallel. The
second LC capacitor C; , and the second storage capacitor Cg,
are electrically coupled between the second sub-pixel elec-
trode P2 and the at least one common electrode in parallel.
[0045] Alternatively, each pixel P, ,, is configured to have
two or more sub-pixels. The first sub-pixel electrode P1, the
first transistor 111, the first LC capacitor C;; and the first
storage capacitor Cg, of each pixel P, , define a first sub-
pixel, P, (1), of the pixel P, ,, while the second sub-pixel
electrode P2, the second transistor 112, the second LC capaci-
tor C, , and the second storage capacitor Cg, of each pixel P, ,
define a second sub-pixel, P, (2), of the pixel P, . The first,
second and third transistors 111, 112 and 113 in one embodi-
ment are field-effect TFTs and adapted for activating the first
sub-pixel P, (1) and the second sub-pixel P, (2), respec-
tively. Other types of transistors may also be utilized to prac-
tice the present invention.

[0046] Inone embodiment, the sub-pixel electrodes P1/P2
of the first sub-pixel P, (1) and the second sub-pixel P,  (2)
of each pixel P, , are deposited on a first substrate (not
shown), while the common electrode is deposited on a second
substrate (not shown) that is spatially apart from the first
substrate. The LC molecules are filled into cells between the
first and second substrates. Each cell is associated with a pixel
P, .. of the LCD 100. Voltages (potentials) applied to the
sub-pixel electrodes P1 and P2 control orientation alignments
of the LC molecules in the LC cells associated with the
corresponding sub-pixels.

[0047] The LCD 100 further has a gate driver and a data
driver (not shown). The gate driver is adapted for generating
a plurality of gate signals, {g,}, respectively applied to the
plurality of gate lines {G, }. The plurality of gate signals {g,}
is configured to turn on the first, second and third transistors
111, 112 and 113 connected to the plurality of gate lines {G, }
in a predefined sequence. The data driver is adapted for gen-
erating a plurality of data signals, {d,, }, respectively applied
to the plurality of data lines {D, }.

[0048] Referring to FIG. 2, waveform/time charts of the
gate signals g, g,, g, and g, applied to the LCD shown in FIG.
1 and charging in the corresponding sub-pixel electrodes P1
and P2 of the LCD are shown according to one embodiment
ofthe presentinvention. Each of the gate signals g,, g,, g5 and
g, 1s configured to have a waveform. The waveform has a first
voltage potential V, in a first duration, I'}, a second voltage
potential V, in a second duration, I',, a third voltage potential
V, in a third duration, T';, a fourth voltage potential V, in a
fourth duration, I',, and a fifth voltage potential V in a fifth
duration, I';, where the (j+1)-th duration I, , is immediately
after the j-th duration I',, j=1, 2,3 and 4, V,=V,=V >V,=V,,
I,=T'/2, T;=(T',-ty2, T',=t, I's=I'5, and I'|>>t=T",/40. In
this embodiment, V, (V,, V) and V,, (V,) are corresponding
to a high voltage potential and a low voltage potential, respec-
tively, for effectively turning on and off the corresponding
transistors of a corresponding pixel row. The waveform of
each ofthe gate signals g, g,, g; and g, is sequentially shifted
from one another so as to activate the three pixel rows in a
predetermined order (sequence). In this exemplary embodi-
ment, the gate signal g, is shifted by the duration of I'; from
the gate signal g, ; the gate signal g, is shifted by the duration
of I, from the gate signal g,; and the gate signal g, is shifted
by the duration of I", from the gate signal g5, respectively.
Usually, the waveform of each gate signal is characterized
with a plurality of pulses, for example. pulses 201, 202 and
203. Each pulse has a pulse width and height. Specifically, the
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pulse width and height of the pulse 201 define the first dura-
tion I', and the first voltage potential V, respectively; the
pulse width and height of the pulse 202 define the third
duration I'; and the third voltage potential V, respectively;
and the pulse width and height of the pulse 203 define the fifth
duration T's and the fifth voltage potential Vs, respectively.
The separation between the pulses 201 and 202 defines the
second duration I',, while the separation between the pulses
202 and 203 defines the fourth duration I',. In one embodi-
ment, I',>>T",(=t)>T",/40.

[0049] As shown in FIG. 3, when such gate signals g, g,
g5 and g, are applied to the gate lines G|, G, G, and G,
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to the second sub-pixel of the pixel P, , through the data line
D,, and the second sub-pixel electrode P2 of the pixel P, | is
charged, and the first and second sub-pixel electrodes P1 and
P2ofthe pixel P, , areheld. This is corresponding to State T3,
as shown in FIG. 3(d).

[0054] FIG. 4 and Table 1 show simulation results for the
gate signals g, g,, g5 and g, having a waveform same as that
shown in FIG. 2. The final voltages charged in the sub-pixels
P1 and P2 are almost identical. Thus, The HSD3 driving
scheme according to the present invention has more uniform

charging and better holding performance comparing to the
HSD2 driving scheme.

TABLE 1

Simulation Results of the LCD at Frame Rate = 50 Hz.

Charging Check After
v, Feed- Holding Check
Driving  Sub- (Charging  Through (Leakage Current)
Method Pixel T,  W/L Ratio) v, Tyt Viotd AV
HSD2 33us 210um/ 1476V 1278V 1996ms 1177V -1.02V
Sum  (99.2%)
1119V 9.05V 931V +0.26V
(87.3%)
HSD3 33us 210um/ 1244V 1011V 1996ms 9.804V -0185V
Sum  (91.5%)
1244V 1015V 9.848V 0181V

(91.5%)

(Tch is the pixel charging time; W/L represents the sub-pixel width and length; V,, and V' are the sub-pixel
voltages; Thold is the holding time; Vhold is the holding voltages; and AV represents the voltage difference
between V,'and Vhold.)

respectively, of the LCD shown in FIG. 1, the second feed-
through effect on the first sub-pixel or the second sub-pixel
will be avoided in operation.

[0050] For example, in the time period of T0, the gates G,
and G, are turned on, while the gates G and G, are turned off.
Accordingly, the third transistors 113 of both the pixels P, |
and P, , are turned off. Thus, no data signals are applied to the
first and second sub-pixels of the pixels P, , and P, , through
the data line D, or D,. This is corresponding to State T0, as
shown in FIG. 3(a).

[0051] In the time period of T1, the gates G, and G are
turned on, while the gates G, and G, are turned off. Accord-
ingly, the second transistor 112 and the third transistor 113 of
the pixel P, ; are turned on, whereby the data signal is applied
to the second sub-pixel of the pixel P, , through the data line
D), and the second sub-pixel electrode P2 of the pixel P, | is
charged. This is corresponding to State T1, as shown in FIG.
3(b).

[0052] In the time period of T2, the gates G, and G, are
turned on, while the gates G, and G, are turned off. Accord-
ingly, the first transistor 111 and the third transistor 113 of the
pixel P, | are turned on, whereby the data signal is applied to
the first sub-pixel of the pixel P, | through the data line D,,
and the first sub-pixel electrode P1 of the pixel P, , is charged
and the second sub-pixel electrode P2 of the pixel P | is held.
This is corresponding to State T2, as shown in FIG. 3(c).
[0053] In the time period of T3, the gates G, and G, are
turned on, while the gates GG, and G are turned off. Accord-
ingly, the second transistor 112 and the third transistor 113 of
the pixel P, ; are turned on, whereby the data signal is applied

[0055] FIG. 5(a)shows partially and schematically an LCD
200 according to another embodiment of the present inven-
tion. The configuration of the LCD 200 is same as that of the
LCD 100 shown in FIG. 1, except that the source of the third
transistor 213 of each pixel P, ,, is electrically coupled to the
data line D,,. FIG. 5(5) shows time charts of the gate signals
2,2, .. ., and g. sequentially applied to the gate line G1, G2,
...,and G6, respectively, of the LCD. Each of the gate signals
2,2, ..., and g, has a waveform same as that shown in F1G.
2. Accordingly, the pixel charging sequence is from sub-pixel
(1) to sub-pixel (2) to sub-pixel (3), . . ., to sub-pixel (n).
[0056] FIG. 6(a) shows pixel discharging processes of the
LCD 200, indicated by the current leakage path 223, while
FIG. 6(b) pixel charging processes of the LCD 200, indicated
by the charging path 221 for the sub-pixel P1 and the charging
path 222 for the sub-pixel P2.

[0057] According to the embodiments of the present inven-
tion as disclosed above, a half source channel amount is
reduced and the aperture ratio is improved in the LCD with
the HSD3 driving scheme, comparing to a conventional LCD.
Further, the LCD of the present invention has good uniformity
in charging and holding performance.

[0058] The foregoing description of the exemplary
embodiments of the invention has been presented only for the
purposes of illustration and description and is not intended to
be exhaustive or to limit the invention to the precise forms
disclosed. Many modifications and variations are possible in
light of the above teaching.

[0059] The embodiments were chosen and described in
order to explain the principles of the invention and their
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practical application so as to activate others skilled in the art
1o utilize the invention and various embodiments and with
various modifications as are suited to the particular use con-
templated. Alternative embodiments will become apparent to
those skilled in the art to which the present invention pertains
without departing from its spirit and scope. Accordingly, the
scope of the present invention is defined by the appended
claims rather than the foregoing description and the exem-
plary embodiments described therein.

What is claimed is:

1. A liquid crystal display (LCD), comprising:

(a) a plurality of gate lines, {G, },n=1,2, ..., N, N being
an integer greater than zero, spatially arranged along a
row direction;

(b) aplurality of data lines, {D,,}, m=1,2,..., M, M being
an integer greater than zero, spatially arranged crossing
the plurality of gate lines {G,, } along a column direction
perpendicular to the row direction; and

(¢) a plurality of pixels, {P, .}, spatially arranged in the
form of a matrix, each pixel P, ,, defined between two
neighboring gate lines G, and G, ,, and two neighboring
data lines D,, and D,,, |, and comprising:

(1) a first sub-pixel electrode;

(ii) a second sub-pixel electrode;

(ii1) a first transistor having a gate electrically coupled to

the gate line G,,, |, a source, and a drain electrically
coupled to the first sub-pixel electrode;

(iv) asecond transistor having a gate electrically coupled
to the gate line G, a source electrically coupled to the
source of the first transistor, and a drain electrically
coupled to the second sub-pixel electrode; and

(v) a third transistor having a gate electrically coupled to

the gate line G,,,,, a source electrically coupled to one

of the two neighboring data lines D,, and D,,, |, and a
drain electrically coupled to the sources of the first
and second transistors.

2. The LCD of claim 1, wherein the source of the third
transistor of the pixel P,  is electrically coupled to the data
line D,,.

3. The LCD of claim 1, wherein the source of the third
transistor of the pixel P,  is electrically coupled to the data
line D,, when n is an odd positive integer, or electrically
coupled to the data line D, ,, when n is an even positive
integer.

4. The LCD of claim 1, further comprising at least one
comumon electrode formed in relation to the first and second
sub-pixel electrodes of each pixel P, ..

5. The LCD of claim 4, wherein each pixel P, , further
comprises a first liquid crystal (LC) capacitor, a second LC
capacitor, a first storage capacitor and a second storage
capacitor, wherein the first LC capacitor and the first storage
capacitor are electrically coupled between the first sub-pixel
electrode and the at least one common electrode in parallel,
and wherein the second LC capacitor and the second storage
capacitor are electrically coupled between the second sub-
pixel electrode and the at least one common electrode in
parallel.

6. The LCD of claim 5, wherein the first sub-pixel elec-
trode, the first transistor, the first LC capacitor, and the first
storage capacitor of each pixel P, , define a first sub-pixel,
P, .(1), of the pixel P, ,, while the second sub-pixel elec-
trode, the second transistor, the second LC capacitor, and the
second storage capacitor of each pixel P, define a second
sub-pixel, P, ,,(2), of the pixel P, .
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7. The LCD of claim 1, further comprising:

(a) a gate driver for generating a plurality of gate signals
respectively applied to the plurality of gate lines {G, },
wherein the plurality of gate signals is configured to turn
on the transistors connected to the plurality of gate lines
{G,} in a predefined sequence; and

(b) a data driver for generating a plurality of data signals
respectively applied to the plurality of data lines {D,,},
wherein the plurality of data signals is configured such
that any two neighboring data signals have inverted
polarities.

8. The LCD of claim 7, wherein each of the plurality of gate
signals is configured to have a waveform, wherein the wave-
form has a first voltage potential V, in a first duration, I';, a
second voltage potential V, in a second duration, I',, a third
voltage potential V; in a third duration, I';, a fourth voltage
potential V., in a fourth duration, I',,, and a fifth voltage poten-
tial V in a fifth duration, I's, wherein the (j+1)-th duration
I';,, is immediately after the j-th duration I, j=1, 2, 3 and 4,
and wherein V =V,=V >V, =V, T[=T/72, T,=T,-1)2,
I,=t, I's=I5, and [';>>t.

9. The LCD of claim 8, wherein the waveform of each of
the gate signals is sequentially shifted from one another by the
duration of T',..

10. A method of driving a liquid crystal display (LCD),
comprising the steps of:

(a) providing an LCD panel comprising:

(1) a plurality of gate lines, {G,}.n=1,2,...,N,Nbeing
an integer greater than zero, spatially arranged along
a row direction;

(ii) a plurality of data lines, {D,,}, m=1,2, ..., M, M
being an integer greater than zero, spatially arranged
crossing the plurality of gate lines {G,} along a col-
umn direction perpendicular to the row direction; and

(ili) a plurality of pixels, {P, .} spatially arranged in the
form of a matrix, each pixel defined between two
neighboring gate lines G,,and G, ,, and two neighbor-
ing data lines D, and D, ,, |, and comprising:

a first sub-pixel electrode;

a second sub-pixel electrode;

a first transistor having a gate electrically coupled to
the gate line G,,, ;, a source, and a drain electrically
coupled to the first sub-pixel electrode;

a second transistor having a gate electrically coupled
to the gate line G, a source electrically coupled to
the source of the first transistor and a drain electri-
cally coupled to the second sub-pixel electrode;
and

a third transistor having a gate electrically coupled to

the gate line G, ,, a source electrically coupled to
one of the two neighboring data lines D, and D, ,
and a drain electrically coupled to the sources of the
first and second transistors; and

(b) applying a plurality of gate signals to the plurality of
gate lines {G,} and a plurality of data signals to the
plurality of data lines {D,,}, respectively, wherein the
plurality of gate signals is configured to turn on the
transistors connected to the plurality of gate lines {G,}
in a predefined sequence, and the plurality of data sig-
nals is configured such that any two neighboring data
signals have inverted polarities.

11. The method of claim 10, wherein each of the plurality

of gate signals is configured to have a waveform, wherein the
waveform has a first voltage potential V, in a first duration,



US 2011/0193842 Al

T'}, a second voltage potential V, in a second duration, I',, a
third voltage potential V, in a third duration, I's, a fourth
voltage potential V,, in a fourth duration, I',, and a fifth volt-
age potential V in a fifth duration, I'y, wherein the (j+1)-th

duration I, , is immediately after the j-th duration I, =1, 2,

3 and 4, and wherein V,=V =V >V, =V  TI'=T' /2, I',.=T', -

/2, I =t, I's=Ty, and T';>>t.

12. The method of claim 11, wherein the waveform of each
ofthe gate signals is sequentially shifted from one another by
the duration of T';.

13. A liquid crystal display (LCD), comprising:

(a) a plurality of pixels, {P, ,}, spatially arranged in the

form of amatrix,n=1,2,...,N,andm=1, 2, ..., M, and

N, M being an integer greater than zero, each pixel P, ,
comprising a first sub-pixel electrode, a second sub-
pixel electrode, a first switching element electrically
coupled to the first sub-pixel electrode, a second switch-
ing element electrically coupled to the second sub-pixel
electrode, and a third switching element electrically
coupled to the first and second switching elements;

(b) a plurality of gate lines, {G, }, spatially arranged along
a row direction, wherein each pair of two neighboring
gate lines G, and G,,,; defines a pixel row P, ,,, of the

pixel matrix {P, } therebetween and is electrically
coupled to the first and second switching elements of
each pixel P, ,, in the pixel row P, .. respectively;
and

(c)aplurality of data lines, {D,}, spatially arranged cross-

ing the plurality of gate lines {G,} along a column
direction perpendicular to the row direction, wherein
each pair of two neighboring data lines D, and D, .,
defines a pixel column, P, ., of the pixel matrix {P, .}
therebetween, and is electrically coupled to the third
switching element of each pixel P,, , in the pixel column,
Poi e

14. "}ﬁe LCD of claim 13, wherein the first sub-pixel elec-
trode and the first switching element of the pixel P,, ,, define a
first sub-pixel, P, (1), of the pixel P, , while the second
sub-pixel electrode and the second switching element of the
pixel P,  definea second sub-pixel, P, (2), of the pixel P, .

15. The LCD of claim 13, wherein each of the first, second
and third switching elements of the pixel P, ,, of the pixel
matrix {P, .} is a field-effect thin film transistor having a
gate, a source and a drain.

16. The LCD of claim 15, wherein the gate, the source and
the drain of the first switching element of the pixel P, , are
electrically coupled to the gate line G,,, ,, the source of the
second switching element of the pixel P, ,, and the first
sub-pixel electrode of the pixel P, ,, respectively; and

wherein the gate, the source and the drain of the second

switching element of the pixel P, ,, are electrically
coupled to the gate line G, the source of the first switch-
ing element of the pixel P, .. and the second sub-pixel
electrode of the pixel P, ,,, respectively.

17. The LCD of claim 16, wherein the gate, the source and
the drain of the third switching element of the pixel P, ,, are
electrically coupled to the gate line G,,, ,, the dataline D,,,, and
the sources of the first and second switching elements of the
pixel P, . respectively.

18. The LCD of claim 16, wherein the gate and the drain of
the third switching element of the pixel P, ,, are electrically
coupled to the gate line G, ,, and the sources of the first and
second switching elements of the pixel P, ,, respectively,
while the source of the third transistor of the pixel P, , is

nim
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electrically coupled to the data line D,, when n is an odd
positive integer, or electrically coupled to the dataline D, ,
when n is an even positive integer.

19. The LCD of claim 13, further comprising:

(a) a gate driver for generating a plurality of gate signals
respectively applied to the plurality of gate lines {G, },
wherein the plurality of gate signals is configured to turn
on the switching elements connected to the plurality of
gate lines {G, } in a predefined sequence; and

(b) a data driver for generating a plurality of data signals
respectively applied to the plurality of data lines {D, },
wherein the plurality of data signals is configured such
that any two neighboring data signals have inverted
polarities.

20. A method of driving a liquid crystal display (LCD),

comprising the steps of:

(a) providing an LCD panel comprising:

(i) a plurality of pixels, {P,, .}, spatially arranged in the
form of a matrix,n=1,2,...,N,and m=1,2,..., M,
and N, M being an integer greater than zero, each
pixel P, ,, comprising a first sub-pixel electrode, a
second sub-pixel electrode, a first switching element
electrically coupled to the first sub-pixel electrode, a
second switching element electrically coupled to the
second sub-pixel electrode, and a third switching ele-
ment electrically coupled to the first and second
switching elements;

(ii) a plurality of gate lines, {G,}, spatially arranged
along a row direction, wherein each pair oftwo neigh-
boring gate lines G, and G,,, defines a pixel row
P, (. of the pixel matrix {P, ,} therebetween and is
electrically coupled to the first and second switching
elements of each pixel P,, ,, in the pixel row P, 1,3,
respectively; and

(iii) a plurality of data lines, {D,,}, spatially arranged
crossing the plurality of gate lines {G, } along a col-
umn direction perpendicular to the row direction,
wherein each pair of two neighboring data lines D,
and D,,,, defines a pixel column, Py,; ., of the pixel
matrix {P,,} therebetween, and is electrically
coupled to the third switching element of each pixel
P, . in the pixel column, Py,,, ..; and

(b) applying a plurality of gate signals to the plurality of
gate lines {G,} and a plurality of data signals to the
plurality of data lines {D,,}, respectively, wherein the
plurality of gate signals is configured to turn on the
switching elements connected to the plurality of gate
lines {G,,} in a predefined sequence, and the plurality of
data signals is configured such that any two neighboring
data signals have inverted polarities.

21. The method of claim 20, wherein each of the first,
second and third switching elements of the pixel P, , of the
pixel matrix {P,  } is a field-effect thin film transistor having
a gate, a source and a drain.

22. The method of claim 21, wherein the gate, the source
and the drain of the first switching element of the pixel P, ,
are electrically coupled to the gate line G,,, |, the source of the
second switching element of the pixel P, . and the first
sub-pixel electrode of the pixel P, ,, respectively; and

wherein the gate, the source and the drain of the second
switching element of the pixel P, are electrically
coupled to the gate line G,, the source of the first switch-
ing element of the pixel P,, ,, and the second sub-pixel
electrode of the pixel P, ,,, respectively.
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23. The method of claim 22, wherein the gate, the source
and the drain of the third switching element of the pixel P, ,
are electrically coupled to the gate line G, , ,, the data line D,
and the sources of the first and second switching elements of
the pixel P, ,, respectively.

24. The method of claim 22, wherein the gate and the drain
ofthe third switching element of the pixel P, , are electrically
coupled to the gate line G, ., and the sources of the first and
second switching elements of the pixel P, respectively,
while the source of the third transistor of the pixel P, is
electrically coupled to the data line D,, when n is an odd
positive integer, or electrically coupled to the data line D
when n is an even positive integer.
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25. The method of claim 20, wherein each of the plurality
of gate signals is configured to have a waveform, wherein the
waveform has a first voltage potential V, in a first duration,
T}, a second voltage potential V, in a second duration, I';, a
third voltage potential V, in a third duration, I';, a fourth
voltage potential V,, in a fourth duration, I',, and a fifth volt-
age potential V; in a fifth duration, I'5, wherein the (j+1)-th
duration I';,, is immediately after the j-th duration I';, j=1, 2,
3 and 4, and wherein V,=V,=V>V,=V, T.=T',/2, I',.=(T, -
0/2, T=t, T's=I'5, and ' >>t.

26. The method of claim 25, wherein the waveform of each
of the gate signals is sequentially shifted from one another by
the duration of T';.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

R RERRERE) 5 E

US20110193842A1

US12/703896

R BBRHBRLE

R BBRHERLE

RiEKBRHOBRLF

[FRIREBEA TSAI YU CHENG
LEE KUO HSIEN
LU CHAO LIANG
KUO JING TIN
4PN TSAI, YU-CHENG
LEE, KUO-HSIEN
LU, CHAO-LIANG
KUO, JING-TIN
IPCH %S G09G3/36 G09G5/00 GO2F1/1343
CPCH%%S
/0233 G09G2300/0809
H AT SRR US8411003
SNEBEEE Espacenet USPTO
HEGR)
RBERE (LCD ) REEF HE. E—NERESF , LCD ) BFAT
F 2= B HE I 2 KRGy, S MNEIRL(Dm) , REETTHEN p,
HEEZELHS  URESMEEPn, m), SUEEMEREZALEE  \§
5, EFAm=12, 6 o o ,M,n=12,....06 o , NAIMANREZ
. BNMREPn , mPREEFZKMLBHIMIRLGnFGn + 1 5T FKAELEH
BIELDMAIDmM + 1208 , FABEE—FEGEBR , E-FBES Pt
W, EEMRNE —REEEBATMREG +1, RBATE—FE \,

FEHRWFRFRR , BB TMREGNMRNE—S4E &
BANE—SARENRERNRRRERESIE-_FHREER , £=8
BEEABBATMRLEGN + 2004 , FRDBSTFRAALHIELDM 5,
FDm + 1R — M FRR BB A TS — M E = REEHFR. S

patsnap

2011-08-11

2010-02-11

G09G3/3607 G09G3/3659 G09G3/3677 G09G2330/021 G09G2300/0814 G09G2320/0219 G09G2320

Dm Pn.m“) 112 Fn!m(z) Dm+1
Gn \
i
P1
111 —§ P2
G 113—"J
™ 112 — )
I P1
P2 111
il 11
T—113

Gn+2

G n+3



https://share-analytics.zhihuiya.com/view/d2a2fbe7-cf21-49ea-a8a8-9d598ede7350
https://worldwide.espacenet.com/patent/search/family/043066615/publication/US2011193842A1?q=US2011193842A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110193842%22.PGNR.&OS=DN/20110193842&RS=DN/20110193842

