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(54) Liquid crystal display and methods of driving the same

(57) A liquid crystal display (LCD) and methods of
driving same. In one embodiment, the LCD includes a
plurality of gate lines, {Gn}, spatially arranged along a
row direction; a plurality of data lines, {Dm}, spatially ar-
ranged along a column direction perpendicular to the row
direction, and a plurality of pixels, {Pn,m}, spatially ar-
ranged in the form of a matrix, where m = 1, 2, ..., M, n
= 1, 2, ..., N, and M and N are positive integers. Each
pixel Pn,m is defined between two neighboring gate lines
Gn and Gn+1 and two neighboring data lines Dm and Dm+1,
and comprises a first sub-pixel electrode, a second sub-
pixel electrode, a first transistor (111) having a gate elec-
trically coupled to the gate line Gn+1, a source and a drain
electrically coupled to the first sub-pixel electrode, a sec-
ond transistor (112) having a gate electrically coupled to
the gate line Gn, a source electrically coupled to the
source of the first transistor and a drain electrically cou-
pled to the second sub-pixel electrode, and a third tran-
sistor (113) having a gate electrically coupled to the gate
line Gn+2, a source electrically coupled to one of the two
neighboring data lines Dm and Dm+1 and a drain electri-
cally coupled to the sources of the first and second tran-
sistors
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Description

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 consumption 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 there-
through. 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] It is known if a substantially high voltage potential is applied in the liquid crystal layer for a long period of time,
the optical transmission characteristics of the liquid crystal molecules may change. This change may be permanent,
causing an irreversible degradation in the display quality of the LCD. In order 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 g1
and g2 sequentially applied to gate lines G1 and G2 of the LCD, respectively. Figs. 6(b)-(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 intensity in displayed images.
[0005] Therefore, a heretofore unaddressed need exists in the art to address the aforementioned deficiencies and
inadequacies.

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, {Gn}, n = 1, 2, ..., N, N being an integer greater than zero, spatially arranged along a row direction, a plurality
of data lines, {Dm}, m = 1, 2, ..., M, M being an integer greater than zero, spatially arranged crossing the plurality of gate
lines {Gn} along a column direction perpendicular to the row direction, and a plurality of pixels, {Pn,m}, spatially arranged
in the form of a matrix.
[0007] Each pixel Pn,m is defined between two neighboring gate lines Gn and Gn+1 and two neighboring data lines Dm
and Dm+1, and comprises a first sub-pixel electrode, a second sub-pixel electrode, a first transistor having a gate elec-
trically coupled to the gate line Gn+1, 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 Gn, 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 Gn+2, a source electrically coupled to one of the two neighboring data lines Dm and Dm+1 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 Pn,m is electrically coupled to the data line Dm. In another embodiment, the source of the third
transistor of the pixel Pn,m is electrically coupled to the data line Dm when n is an odd positive integer, or electrically
coupled to the data line Dm+1 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 {Gn}, wherein the plurality of gate signals is configured to turn on the transistors connected
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to the plurality of gate lines {Gn} in a predefined sequence, and a data driver for generating a plurality of data signals
respectively applied to the plurality of data lines {Dm}, wherein the plurality of data signals is configured such that any
two neighboring data signals have inverted polarities. Each of the plurality of gate signals is configured to have a
waveform. The waveform has a first voltage potential V1 in a first duration, Γ1, a second voltage potential V2 in a second
duration, Γ2, a third voltage potential V3 in a third duration, Γ3, a fourth voltage potential V4 in a fourth duration, Γ4, and
a fifth voltage potential V5 in a fifth duration, Γ5, where the (j+1)-th duration Γj+1 is immediately after the j-th duration Γj,
j = 1, 2, 3 and 4, V1 = V3 = V5 > V2 = V4, Γ2 = Γ1/2, Γ3 = (Γ1 - t)/2, Γ4 = t, Γ5 = Γ3, and Γ1 >> t. In one embodiment, the
waveform of each of the gate signals is sequentially shifted from one another by the duration of Γ1.
[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 Pn,m.
[0010] In one embodiment, each pixel Pn,m further comprises a liquid crystal (LC) capacitor, a second LC capacitor,
a first storage capacitor and a second storage capacitor. 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. 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.
[0011] In one embodiment, the first sub-pixel electrode, the first transistor, the first LC capacitor, and the first storage
capacitor of each pixel Pn,m define a first sub-pixel, Pn,m(1), of the pixel Pn,m. The second sub-pixel electrode, the second
transistor, the second LC capacitor, and the second storage capacitor of each pixel Pn,m define a second sub-pixel, Pn,m
(2), of the pixel Pn,m.
[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, {Gn}, n = 1, 2, ..., N, N being an integer greater
than zero, spatially arranged along a row direction, a plurality of data lines, {Dm}, m = 1, 2, ..., M, M being an integer
greater than zero, spatially arranged crossing the plurality of gate lines {Gn} along a column direction perpendicular to
the row direction, and a plurality of pixels, {Pn,m}, spatially arranged in the form of a matrix.
[0013] Each pixel Pn,m is defined between two neighboring gate lines Gn and Gn+1 and two neighboring data lines Dm
and Dm+1, and comprises a first sub-pixel electrode, a second sub-pixel electrode, a first transistor having a gate elec-
trically coupled to the gate line Gn+1, 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 Gn, 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 Gn+2, a source electrically coupled to one of the two neighboring data lines Dm and Dm+1 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 Pn,m is electrically coupled to the data line Dm. In another embodiment, the source of the third
transistor of the pixel Pn,m is electrically coupled to the data line Dm when n is an odd positive integer, or electrically
coupled to the data line Dm+1 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 {Gn} and
a plurality of data signals to the plurality of data lines {Dm}, respectively, wherein the plurality of gate signals is configured
to turn on the transistors connected to the plurality of gate lines {Gn} 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 V1 in a first duration, Γ1, a second voltage potential V2 in a second duration, Γ2, a third voltage
potential V3 in a third duration, Γ3, a fourth voltage potential V4 in a fourth duration, Γ4, and a fifth voltage potential V5
in a fifth duration, Γ5, where the (j+1)-th duration Γj+1 is immediately after the j-th duration Γj, j = 1, 2, 3 and 4, V1 = V3
= V5 > V2 = V4, Γ2 = Γ1/2, Γ3 = (Γ1 -t)/2, Γ4 = t, Γ5 = Γ3, and Γ1 >> t. In one embodiment, the waveform of each of the
gate signals is sequentially shifted from one another by the duration of Γ1.
[0016] In yet another aspect, the present invention relates to an LCD. In one embodiment, the LCD panel comprises
a plurality of pixels, {Pn,m}, 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 Pn,m includes 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 element electrically coupled to the first and second switching
elements.
[0017] The LCD further comprises a plurality of gate lines, {Gn}, spatially arranged along a row direction. Each pair of
two neighboring gate lines Gn and Gn+1 defines a pixel row Pn,{m} of the pixel matrix {Pn,m} therebetween and is electrically
coupled to the first and second switching elements of each pixel in the pixel row Pn,{m}, respectively.
[0018] The LCD also comprises a plurality of data lines, {Dm}, spatially arranged crossing the plurality of gate lines
{Gn} along a column direction perpendicular to the row direction. Each pair of two neighboring data lines Dm and Dm+1
defines a pixel column, P{n},m, of the pixel matrix {Pn,m} therebetween, and is electrically coupled to the third switching
element of each pixel Pn,m in the pixel column, P{n},m.
[0019] Moreover, the LCD includes a gate driver for generating a plurality of gate signals respectively applied to the
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plurality of gate lines {Gn}, wherein the plurality of gate signals is configured to turn on the switching elements connected
to the plurality of gate lines {Gn} in a predefined sequence, and a data driver for generating a plurality of data signals
respectively applied to the plurality of data lines {Dm}, wherein the plurality of data signals is configured such that any
two neighboring data signals have inverted polarities.
[0020] In one embodiment, the first sub-pixel electrode and the first switching element of each pixel Pn,m define a first
sub-pixel, Pn,m(1), of the pixel Pn,m. The second sub-pixel electrode and the second switching element of each pixel
Pn,m define a second sub-pixel, Pn,m(2), of the pixel Pn,m.
[0021] In one embodiment, each of the first, second and third switching elements of the pixel Pn,m of the pixel matrix
{Pn,m} 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 Pn,m are electrically coupled to the gate line Gn+1, the source of the second switching
element of the pixel Pn,m, and the first sub-pixel electrode of the pixel Pn,m, respectively. The gate, the source and the
drain of the second switching element of the pixel Pn,m are electrically coupled to the gate line Gn, the source of the first
switching element of the pixel Pn,m, and the second sub-pixel electrode of the pixel Pn,m, respectively. In one embodiment,
the gate, the source and the drain of the third switching element of the pixel Pn,m are electrically coupled to the gate line
Gn+2, the data line Dm, and the sources of the first and second switching elements of the pixel Pn,m, respectively. In
another embodiment, the gate and the drain of the third switching element of the pixel Pn,m are electrically coupled to
the gate line Gn+2 and the sources of the first and second switching elements of the pixel Pn,m, respectively, while the
source of the third transistor of the pixel Pn,m is electrically coupled to the data line Dm when n is an odd positive integer,
or electrically coupled to the data line Dm+1 when n is an even positive integer.
[0022] In a 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 plurality of pixels, {Pn,m}, 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 Pn,m 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 element elec-
trically coupled to the first and second switching elements, (b) a plurality of gate lines, {Gn}, spatially arranged along a
row direction, wherein each pair of two neighboring gate lines Gn and Gn+1 defines a pixel row Pn,{m} of the pixel matrix
{Pn,m} therebetween and is electrically coupled to the first and second switching elements of each pixel in the pixel row
Pn,{m}, respectively, and (c) a plurality of data lines, {Dm}, spatially arranged crossing the plurality of gate lines {Gn} along
a column direction perpendicular to the row direction. Each pair of two neighboring data lines Dm and Dm+1 defines a
pixel column, P{n},m, of the pixel matrix {Pn,m} therebetween, and is electrically coupled to the third switching element of
each pixel Pn,m in the pixel column, P{n},m.
[0023] In one embodiment, each of the first, second and third switching elements of the pixel Pn,m of the pixel matrix
{Pn,m} 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 Pn,m are electrically coupled to the gate line Gn+1, the source of the second switching
element of the pixel Pn,m, and the first sub-pixel electrode of the pixel Pn,m, respectively. The gate, the source and the
drain of the second switching element of the pixel Pn,m are electrically coupled to the gate line Gn, the source of the first
switching element of the pixel Pn,m, and the second sub-pixel electrode of the pixel Pn,m, respectively. The gate, the
source and the drain of the third switching element of the pixel Pn,m are electrically coupled to the gate line Gn+2, the
data line Dm, and the sources of the first and second switching elements of the pixel Pn,m, respectively. The gate, the
source and the drain of the third switching element of the pixel Pn+1,m are electrically coupled to the gate line Gn+3, the
data line Dm+1, and the sources of the first and second switching elements of the pixel Pn+1,m, respectively.
[0024] The method also includes the step of applying a plurality of gate signals to the plurality of gate lines {Gn} and
a plurality of data signals to the plurality of data lines {Dm}, respectively, wherein the plurality of gate signals is configured
to turn on the switching elements connected to the plurality of gate lines {Gn} in a predefined sequence, and the plurality
of data signals is configured such that any two neighboring 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 V1 in a first duration, Γ1, a second voltage potential V2 in a second duration, Γ2, a third voltage
potential V3 in a third duration, Γ3, a fourth voltage potential V4 in a fourth duration, Γ4, and a fifth voltage potential V5
in a fifth duration, Γ5, where the (j+1)-th duration Γj+1 is immediately after the j-th duration Γj, j = 1, 2, 3 and 4, V1 = V3
= V5 > V2 = V4, Γ2 = Γ1/2, Γ3 = (Γ1 -t)/2, Γ4 = t, Γ5 = Γ3, and Γ1 >> t. The waveform of each of the gate signals is
sequentially shifted from one another by the duration of Γ1.
[0026] These and other aspects of the present invention will become apparent from the following description of the
preferred 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:

Fig. 1 shows schematically a partial layout view of an LCD according to one embodiment of the present invention;
Fig. 2 shows time charts of driving signals applied to the LCD shown in Fig. 1;
Fig. 3 shows schematically pixel charging and holding processes (a)-(d) of the LCD shown in Fig. 1;
Fig. 4 shows simulation results of the pixel voltage potentials of the LCD for the gate signals shown in Fig. 1;
Fig. 5 shows schematically an LCD according to another embodiment of the present invention, (a) an equivalent
circuit diagram, and (b) time charts of driving signals;
Fig. 6 shows schematically pixel charging and holding processes (a) and (b) of the LCD shown in Fig. 5; and
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

[0028] 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 components 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.
[0029] 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
description 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. Likewise, the disclosure is not limited to various embodiments given in this specification.
[0030] As used herein, "around", "about" or "approximately" 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.
[0031] As used herein, the terms "comprising," "including," "having," "containing," "involving," and the like are to be
understood to be open-ended, i.e., to mean including but not limited to.
[0032] 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
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 two 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.
[0033] The description will be made as to the embodiments of the present invention in conjunction with the accompa-
nying 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.
[0034] 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 gate lines, G1,G2, ..., Gn, Gn+1, Gn+2, Gn+3,..., GN, that
are spatially arranged along a row (horizontal) direction, and a plurality of data lines, D1, D2, ..., Dm, Dm+1, Dm+2, Dm+3, ...,
DM, that are spatially arranged crossing the plurality of gate lines G1, G2, ..., Gn, Gn+1, Gn+2, Gn+3, ..., GN along 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, {Pn,m}, that is spatially arranged in the form of a matrix. Each pixel Pn,m is defined between
two neighboring gate lines Gn and Gn+1 and two neighboring data lines Dm and Dm+1. For the purpose of illustration of
embodiments of the present invention, Fig. 1 schematically shows only four gate lines Gn, Gn+1, Gn+2 and Gn+3, two
data lines Dm, and Dm+1, and three corresponding pixels of the LCD panel 100.
[0035] The pixel Pn,m located, for example, between two neighboring gate lines Gn and Gn+1 and two neighboring
data lines Dm and Dm+1 crossing the two neighboring gate lines Gn and Gn+1, 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.
[0036] The first transistor 111 has a gate electrically coupled to the gate line Gn+1, a source and a drain electrically
coupled to the first sub-pixel electrode P1. The second transistor 112 has a gate electrically coupled to the gate line Gn,
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 Gn+2, a source electrically
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coupled to one of the two neighboring data lines Dm and Dm+1 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 Pn,m is electrically coupled to the data line Dm when n is an odd positive integer, or electrically coupled
to the data line Dm+1 when n is an even positive integer. In another embodiment as shown in Fig. 5 below, the source
of the third transistor 113 of the pixel Pn,m is electrically coupled to the data line Dm.
[0037] 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 Pn,m. As shown in Fig. 5 below, each pixel Pn,m may further
include a first LC capacitor, CL1, a second LC capacitor, CL2, a first storage capacitor, CS1, and a second storage
capacitor, CS2. The first LC capacitor CL1 and the first storage capacitor CS1 are electrically coupled between the first
sub-pixel electrode P1 and the at least one common electrode in parallel. The second LC capacitor CL2 and the second
storage capacitor CS2 are electrically coupled between the second sub-pixel electrode P2 and the at least one common
electrode in parallel.
[0038] Alternatively, each pixel Pn,m is configured to have two or more sub-pixels. The first sub-pixel electrode P1,
the first transistor 111, the first LC capacitor CL1 and the first storage capacitor CS1 of each pixel Pn,m define a first sub-
pixel, Pn,m(1), of the pixel Pn,m, while the second sub-pixel electrode P2, the second transistor 112, the second LC
capacitor CL2 and the second storage capacitor CS2 of each pixel Pn,m define a second sub-pixel, Pn,m(2), of the pixel
Pn,m. The first, second and third transistors 111, 112 and 113 in one embodiment are field-effect TFTs and adapted for
activating the first sub-pixel Pn,m(1) and the second sub-pixel Pn,m(2), respectively. Other types of transistors may also
be utilized to practice the present invention.
[0039] In one embodiment, the sub-pixel electrodes P1/P2 of the first sub-pixel Pn,m(1) and the second sub-pixel Pn,m
(2) of each pixel Pn,m 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 Pn,m 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.
[0040] 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, {gn}, respectively applied to the plurality of gate lines {Gn}. The plurality of gate signals {gn}
is configured to turn on the first, second and third transistors 111, 112 and 113 connected to the plurality of gate lines
{Gn} in a predefined sequence. The data driver is adapted for generating a plurality of data signals, {dm}, respectively
applied to the plurality of data lines {Dm}.
[0041] Referring to Fig. 2, waveform/time charts of the gate signals g1, g2, g3 and g4 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
of the present invention. Each of the gate signals g1, g2, g3 and g4 is configured to have a waveform. The waveform has
a first voltage potential V1 in a first duration, Γ1, a second voltage potential V2 in a second duration, Γ2, a third voltage
potential V3 in a third duration, Γ3, a fourth voltage potential V4 in a fourth duration, Γ4, and a fifth voltage potential V5
in a fifth duration, Γ5, where the (j+1)-th duration Γj+1 is immediately after the j-th duration Γj, j = 1, 2, 3 and 4, V1 = V3
= V5 > V2 = V4, Γ2 = Γ1/2, Γ3 = (Γ1 - t)/2, Γ4 = t, Γ5 = Γ3, and Γ1 >> t ≥ Γ1/40. In this embodiment, V1 (V3, V5) and V2
(V4) are corresponding to a high voltage potential and a low voltage potential, respectively, for effectively turning on and
off the corresponding transistors of a corresponding pixel row. The waveform of each of the gate signals g1, g2, g3 and
g4 is sequentially shifted from one another so as to activate the three pixel rows in a predetermined order (sequence).
In this exemplary embodiment, the gate signal g2 is shifted by the duration of Γ1 from the gate signal g1; the gate signal
g3 is shifted by the duration of Γ1 from the gate signal g2; and the gate signal g4 is shifted by the duration of Γ1 from the
gate signal g3, 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 pulse width and height of
the pulse 201 define the first duration Γ1 and the first voltage potential V1, respectively; the pulse width and height of
the pulse 202 define the third duration Γ3 and the third voltage potential V3, respectively; and the pulse width and height
of the pulse 203 define the fifth duration Γ5 and the fifth voltage potential V5, respectively. The separation between the
pulses 201 and 202 defines the second duration Γ2, while the separation between the pulses 202 and 203 defines the
fourth duration Γ4. In one embodiment, Γ1 >> Γ4 (=t) ≥ Γ1/40.
[0042] As shown in Fig. 3, when such gate signals g1, g2, g3 and g4 are applied to the gate lines G1, G2, G3, and G4,
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.
[0043] For example, in the time period of T0, the gates G1 and G2 are turned on, while the gates G3 and G4 are turned
off. Accordingly, the third transistors 113 of both the pixels P1,1 and P2,1 are turned off. Thus, no data signals are applied
to the first and second sub-pixels of the pixels P1,1 and P2,1 through the data line D1 or D2. This is corresponding to
State T0, as shown in Fig. 3(a).
[0044] In the time period of T1, the gates G1 and G3 are turned on, while the gates G2 and G4 are turned off. Accordingly,
the second transistor 112 and the third transistor 113 of the pixel P1,1 are turned on, whereby the data signal is applied
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to the second sub-pixel of the pixel P1,1 through the data line D1, and the second sub-pixel electrode P2 of the pixel P1,1
is charged. This is corresponding to State T1, as shown in Fig. 3(b).
[0045] In the time period of T2, the gates G2 and G3 are turned on, while the gates G1 and G4 are turned off. Accordingly,
the first transistor 111 and the third transistor 113 of the pixel P1,1 are turned on, whereby the data signal is applied to
the first sub-pixel of the pixel P1,1 through the data line D1, and the first sub-pixel electrode P1 of the pixel P1,1 is charged
and the second sub-pixel electrode P2 of the pixel P1,1 is held. This is corresponding to State T2, as shown in Fig. 3(c).
[0046] In the time period of T3, the gates G2 and G4 are turned on, while the gates G1 and G3 are turned off. Accordingly,
the second transistor 112 and the third transistor 113 of the pixel P2,1 are turned on, whereby the data signal is applied
to the second sub-pixel of the pixel P2,1 through the data line D2, and the second sub-pixel electrode P2 of the pixel P2,1
is charged, and the first and second sub-pixel electrodes P1 and P2 of the pixel P1,1 are held. This is corresponding to
State T3, as shown in Fig. 3(d).
[0047] Fig. 4 and Table 1 show simulation results for the gate signals g1, g2, g3 and g4 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.

[0048] Fig. 5(a) shows partially and schematically an LCD 200 according to another embodiment of the present
invention. 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 Pn,m is electrically coupled to the data line Dm. Fig. 5(b) shows time charts of the
gate signals g1, g2, ..., and g6 sequentially applied to the gate line G1, G2, ..., and G6, respectively, of the LCD. Each
of the gate signals g1, g2, ..., and g6 has a waveform same as that shown in Fig. 2. Accordingly, the pixel charging
sequence is from sub-pixel (1) to sub-pixel (2) to sub-pixel (3), ...., to sub-pixel (n).
[0049] 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.
[0050] According to the embodiments of the present invention 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.
[0051] 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.
[0052] The embodiments were chosen and described in order to explain the principles of the invention and their
practical application so as to activate others skilled in the art to utilize the invention and various embodiments and with
various modifications as are suited to the particular use contemplated. 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,

Table 1: Simulation Results of the LCD at Frame Rate = 50Hz. (Tch is the pixel charging time; W/L represents the 
sub-pixel width and length; Vp and Vp’ are the sub-pixel voltages; Thold is the holding time; Vhold is the holding 

voltages; and ∆V represents the voltage difference between Vp’ and Vhold.)

Driving
Method

Sub-
Pixel

Charging Check
After
Feed-

Through

Holding Check
(Leakage Current)

Tch W/L

Vp

(Chargin
g Ratio)

Vp’ Thold Vhold ∆V

HSD2

P1

33us
210um 
/5um

14.76V
12.78V

19.96ms

11.77V -1.02V
(99.2%)

P2
11.19V

9.05V 9.31V +0.26V
(87.3%)

HSD3

P1

33us
210um 
/5um

12.44V
10.11V

19.96ms

9.804V -0.185V
(91.5%)

P2
12.44V

10.15V 9.848V -0.181V
(91.5%)
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the scope of the present invention is defined by the appended claims rather than the foregoing description and the
exemplary embodiments described therein.

Claims

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

(a) a plurality of pixels, {Pn,m}, 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 Pn,m comprising a first sub-pixel electrode, a second
subpixel 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, {Gn}, spatially arranged along a row direction, wherein each pair of two neighboring
gate lines Gn and Gn+1 defines a pixel row Pn,{m} of the pixel matrix {Pn,m} therebetween and is electrically
coupled to the first and second switching elements of each pixel Pn,m in the pixel row Pn,{m}, respectively; and
(c) a plurality of data lines, {Dm}, spatially arranged crossing the plurality of gate lines {Gn} along a column
direction perpendicular to the row direction, wherein each pair of two neighboring data lines Dm and Dm+1
defines a pixel column, P{n},m, of the pixel matrix {Pn,m} therebetween, and is electrically coupled to the third
switching element of each pixel Pn,m in the pixel column, P{n},m.

2. The LCD of claim 1, wherein the first sub-pixel electrode and the first switching element of the pixel Pn,m define a
first sub-pixel, Pn,m(1), of the pixel Pn,m, while the second sub-pixel electrode and the second switching element
of the pixel Pn,m define a second sub-pixel, Pn,m(2), of the pixel Pn,m.

3. The LCD of claim 1, wherein each of the first, second and third switching elements of the pixel Pn,m of the pixel
matrix {Pn,m} is a field-effect thin film transistor having a gate, a source and a drain.

4. The LCD of claim 3, wherein the gate, the source and the drain of the first switching element of the pixel Pn,m are
electrically coupled to the gate line Gn+1, the source of the second switching element of the pixel Pn,m, and the
first subpixel electrode of the pixel Pn,m, respectively; and wherein the gate, the source and the drain of the second
switching element of the pixel Pn,m are electrically coupled to the gate line Gn, the source of the first switching
element of the pixel Pn,m, and the second sub-pixel electrode of the pixel Pn,m, respectively.

5. The LCD of claim 4, wherein the gate, the source and the drain of the third switching element of the pixel Pn,m are
electrically coupled to the gate line Gn+2, the data line Dm, and the sources of the first and second switching
elements of the pixel Pn,m, respectively.

6. The LCD of claim 4, wherein the gate and the drain of the third switching element of the pixel Pn,m are electrically
coupled to the gate line Gn+2 and the sources of the first and second switching elements of the pixel Pn,m, respec-
tively, while the source of the third transistor of the pixel Pn,m is electrically coupled to the data line Dm when n is
an odd positive integer, or electrically coupled to the data line Dm+1 when n is an even positive integer.

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 {Gn},
wherein the plurality of gate signals is configured to turn on the switching elements connected to the plurality
of gate lines {Gn} in a predefined sequence; and
(b) a data driver for generating a plurality of data signals respectively applied to the plurality of data lines {Dm},
wherein the plurality of data signals is configured such that any two neighboring data signals have inverted
polarities.

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

(a) providing an LCD panel comprising:

(i) a plurality of pixels, {Pn,m}, 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 Pn,m comprising a first subpixel electrode, a
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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 subpixel electrode, and a third switching element
electrically coupled to the first and second switching elements;
(ii) a plurality of gate lines, {Gn}, spatially arranged along a row direction, wherein each pair of two neighboring
gate lines Gn and Gn+1 defines a pixel row Pn,{m} of the pixel matrix {Pn,m} therebetween and is electrically
coupled to the first and second switching elements of each pixel Pn,m in the pixel row Pn,{m}, respectively;
and
(iii) a plurality of data lines, {Dm}, spatially arranged crossing the plurality of gate lines {Gn} along a column
direction perpendicular to the row direction, wherein each pair of two neighboring data lines Dm and Dm+1
defines a pixel column, P{n},m, of the pixel matrix {Pn,m} therebetween, and is electrically coupled to the
third switching element of each pixel Pn,m in the pixel column, P{n},m; and

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

9. The method of claim 8, wherein each of the first, second and third switching elements of the pixel Pn,m of the pixel
matrix {Pn,m} is a field-effect thin film transistor having a gate, a source and a drain.

10. The method of claim 9, wherein the gate, the source and the drain of the first switching element of the pixel Pn,m
are electrically coupled to the gate line Gn+1, the source of the second switching element of the pixel Pn,m, and
the first subpixel electrode of the pixel Pn,m, respectively; and
wherein the gate, the source and the drain of the second switching element of the pixel Pn,m are electrically coupled
to the gate line Gn, the source of the first switching element of the pixel Pn,m, and the second sub-pixel electrode
of the pixel Pn,m, respectively.

11. The method of claim 10, wherein the gate, the source and the drain of the third switching element of the pixel Pn,
m are electrically coupled to the gate line Gn+2, the data line Dm, and the sources of the first and second switching
elements of the pixel Pn,m, respectively.

12. The method of claim 11, wherein the gate and the drain of the third switching element of the pixel Pn,m are electrically
coupled to the gate line Gn+2 and the sources of the first and second switching elements of the pixel Pn,m, respec-
tively, while the source of the third transistor of the pixel Pn,m is electrically coupled to the data line Dm when n is
an odd positive integer, or electrically coupled to the data line Dm+1 when n is an even positive integer.

13. The method of claim 8, wherein each of the plurality of gate signals is configured to have a waveform, wherein the
waveform has a first voltage potential V1 in a first duration, Γ1, a second voltage potential V2 in a second duration,
Γ2, a third voltage potential V3 in a third duration, Γ3, a fourth voltage potential V4 in a fourth duration, Γ4, and a
fifth voltage potential V5 in a fifth duration, Γ5, wherein the (j+1)-th duration Γj+1 is immediately after the j-th duration
Γj, j = 1, 2, 3 and 4, and wherein V1 = V3 = V5 > V2 = V4, Γ2 = Γ1/2, Γ3 =(Γ1 - t)/2, Γ4 = t, Γ5 = Γ3, and Γ1 >> t.

14. The method of claim 13, wherein the waveform of each of the gate signals is sequentially shifted from one another
by the duration of Γ1.
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