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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates generally to a lig-
uid crystal display, and more particularly to a gate pulse
modulation circuit for improving display performance of
the liquid crystal display.

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 lig-
uid crystal cell and having a liquid crystal (LC) capacitor
and a storage capacitor, a thin film transistor (TFT) elec-
trically 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, scanning
signals are sequentially applied to the number of pixel
rows for sequentially turning on the pixel elements row-
by-row. When a scanning 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 align-
ing 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] To reduce the power consumption, a half
source driver (HSD) design is developed. In the HSD
design, two neighboring sub-pixel electrodes of different
pixels are electrically coupled to the same data line, and
two sub-pixel electrodes of a pixel are electrically coupled
totwo neighboring gate lines, respectively. Such adesign
may reduce a half of power consumption comparing to
a conventional design of an LCD. However, if charging
of the sub-pixels is not uniform, dark-bright lines and flick-
er phenomena would occur when displaying an image,
which will compromise the display quality of the LCD.
[0004] Therefore, a heretofore unaddressed need ex-
ists in the art to address the aforementioned deficiencies
and inadequacies.

SUMMARY OF THE INVENTION

[0005] In one aspect, the present invention relates to
a gate pulse modulation (GPM) circuit usable in a liquid
crystal display (LCD). In one embodiment, the GPM cir-
cuit includes a low dropout (LDO) regulator LDO_O, a
first resistor Rgget, having a first terminal electrically con-
nected to the LDO regulator LDO_O and a second ter-
minal electrically connected to a node DTS, respectively,
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a capacitor Cg, having a first terminal electrically con-
nected to the second terminal of the first resistor Regq
and a second terminal electrically connected to the
ground, respectively, a switch SW, having a control ter-
minal, a first terminal electrically connected to the node
DTS and a second terminal, and a second resistor Rptg,
having a first terminal electrically connected to the sec-
ond terminal of the switch SW and a second terminal
electrically connected to the ground, respectively.
[0006] The GPM circuit further includes a comparator
having a first input electrically connected to the node
DTS, a second input for receiving a voltage signal Vref,
and an output electrically connected to the control termi-
nal of the switch SW, respectively.

[0007] The GPM circuit also includes a logic control
unit having afirstinput for receiving N clock signals {CK},
j=1,2,3, ...N, N being an even integer greater than zero,
a second input electrically connected to the output of the
comparator and an output.

[0008] Furthermore, the GPM circuit includes a level
shifter having N inputs for receiving the N clock signals
{CKj}, respectively, and N outputs for outputting N mod-
ulated clock signals {CKHj}, respectively.

[0009] Additionally, the GPM circuit includes N switch-
es {Sj}, each switch Sj having a control terminal electri-
cally connected to the output of the logic control unit 120,
a first terminal electrically connected to a respective out-
put of the level shifter, and a second terminal, a third
resistor Rq, having a first terminal electrically connected
to the second terminal of each odd switch Sk, k=1, 3,
5, ..., N-1 of the N switches {Sj} and a second terminal
electrically connected to the ground, respectively, and a
fourth resistor R, having a first terminal electrically con-
nected to the second terminal of each even switch Sq, q
=2,4,6, ...N, ofthe N switches {Sj} and a second terminal
electrically connected to the ground, respectively.
[0010] In one embodiment, each modulated clock sig-
nal CKHj of the N modulated clock signals {CKHj}, j =1,
2, 3, ..., N has a waveform that rises from a first voltage
VGL into a second voltage VGH at time t1, remains at
the second voltage VGH until time t2, falls from the sec-
ond voltage VGH at time t2 into a third voltage Vj at time
t3 at a desired slope and falls from the third voltage Vj
into the first voltage VGL at time t3, and wherein T = (3
- 12) defines a falling time of each modulated clock signal
CKH;.

[0011] The falling time T = (t3 - t2) of each modulated
clock signal CKHj, j =1, 2, 3, ..., N, is a function of the
capacitance of the capacitor Cge. The third voltage Vk
of the waveform of each odd modulated clock signal CK-
Hk, k=1, 3, 5, ..., N-1, of the N modulated clock signals
{CKHj},j=1, 2, 3, ..., N, is a function of the resistance of
the third resistor Ry, and wherein the third voltage Vq of
the waveform of each even modulated clock signal CK-
Hq, g =2, 4,6, ..., N, of the N modulated clock signals
{CKHij}is a function of the resistance of the fourth resistor
Re.

[0012] In one embodiment, the resistance of the third
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resistor Ry, is different from the resistance of the fourth
resistor R, and the voltage difference AV1 = (Vk - VGL)
between the third voltage Vk and the first voltage VGL
of the waveform of each odd modulated clock signal CK-
Hk, k =1, 3, 5, ..., N-1, is different from the voltage dif-
ference AV2 = (Vq - VGL) between the third voltage Vq
and the first voltage VGL of the waveform of each even
modulated clock signal CKHqg,q = 2, 4, 6, ..., N.

[0013] Additionally, the corresponding clock signal CKj
has a falling edge at time t2.

[0014] In one embodiment, the logic control unit has a
CK pulse falling edge detector for receiving each of the
N clock signals {CKj}, j =1, 2, 3, ..., N, and detecting a
falling edge of a waveform of each of the N clock signals
{CKj}, a comparator output detector for receiving an out-
put signal output from the comparator, and a switch
ON/OFF controller in communications with the CK pulse
falling edge detector and the comparator output detector
for turning on or turning off a corresponding switch of the
N switches {Sj},j=1, 2, 3, ..., N, in accordance with the
detected falling edge of the corresponding modulated
clock signal by the CK pulse falling edge detector and
the detected output signal from the comparator by com-
parator output detector.

[0015] In one embodiment, when the CK pulse falling
edge detector detects a falling edge in a clock signal CKj,
j=1,2,3, ..., N, (a) the switch ON/OFF controller respon-
sively generates afirst signal to turn on the corresponding
switch Sj, thereby discharging the corresponding modu-
lated clock signal CKHj output from the j-th output of the
level shifter through the third resistor RO or the fourth
resistor Rg to the ground, and (b) the LDO regulator LDO_
O provides a current signal passing through the first re-
sistor R4t to charge the capacitor Cg, thereby charging
the node DTS to have a voltage Vprs.

[0016] The comparator compares the voltage Vg of
the DTS node with the reference voltage Vref, wherein
when Vp1g = Vref, the comparator generates an output
signal to the comparator output detector to cause the
switch ON/OFF controller to generate a second signal to
turn off the corresponding switch Sj, and to the control
terminal of the switch SW to turn on the switch SW, there-
by discharging the voltage Vptg of the node DTS through
the second resistor Ryt to the ground.

[0017] Inanother aspect, the presentinvention relates
to an LCD having an LCD panel having a plurality of rows
of pixel elements therein and a corresponding plurality
of gate lines coupled to the plurality of rows of pixel ele-
ments, a GPM circuit for receiving N clock signals {CKj},
j=1,2,3,..., N, N being an even integer greater than
zero, and for outputting N modulated clock signals {CK-
Hj}, wherein each modulated clock signal CKHj is corre-
sponding to a clock signal CKj and has a waveform hav-
ing adesired falling slope, and a shift register for receiving
the N modulated clock signals {CKHj} and for generating
a plurality of gate signals sequentially applied to the plu-
rality of gate lines to drive the plurality of rows of pixel
elements.
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[0018] In one embodiment, the GPM circuit includes
an LDO regulator LDO_O, a first resistor R, having a
first terminal electrically connected to the LDO regulator
LDO_O and a second terminal electrically connected to
anode DTS, respectively, a capacitor Cyg, having a first
terminal electrically connected to the second terminal of
the first resistor R4t @and a second terminal electrically
connected to the ground, respectively, a switch SW, have
a control terminal, a first terminal electrically connected
to the node DTS and a second terminal, and a second
resistor Rptg, having afirst terminal electrically connect-
ed to the second terminal of the switch SW and a second
terminal electrically connected to the ground, respective-
ly.

[0019] The GPM circuit further includes a comparator
having a first input electrically connected to the node
DTS, a second input for receiving a voltage signal Vref,
and an output electrically connected to the control termi-
nal of the comparator, respectively, a logic control unit
having a first input for receiving N clock signals {CKj}, j
=1,2,3,...N, N being an even integer greater than zero,
a second input electrically connected to the output of the
comparator and an output, and a level shifter having N
inputs for receiving the N clock signals {CKj}, respective-
ly, and N outputs for outputting N modulated clock signals
{CKHj}, respectively.

[0020] Furthermore, the GPM circuit includes N
switches {Sj}, each switch Sj having a control terminal
electrically connected to the output of the logic control
unit 120, a first terminal electrically connected to a re-
spective output of the level shifter, and a second terminal,
a third resistor Rq, having a first terminal electrically con-
nected to the second terminal of each odd switch Sk,
k=1, 3, 5, ..., N-1, of the N switches {Sj} and a second
terminal electrically connected to the ground, respective-
ly, and a fourth resistor Rg, having a first terminal elec-
trically connected to the second terminal of each even
switch Sq, q =2, 4, 6, ...N, of the N switches {Sj} and a
second terminal electrically connected to the ground, re-
spectively.

[0021] In one embodiment, each modulated clock sig-
nal CKHj of the N modulated clock signals {CKHj}, j = 1,
2,3, ..., N, has a waveform that rises from a first voltage
VGL into a second voltage VGH at time t1, remains at
the second voltage VGH until time t2, falls from the sec-
ond voltage VGH at time t2 into a third voltage Vj at time
t3 at a desired slope and falls from the third voltage Vj
into the first voltage VGL at time t3, and wherein T = (13
- 12) defines a falling time of each modulated clock signal
CKH;j.

[0022] The falling time T = (3 - t2) of each modulated
clock signal CKHj, j =1, 2, 3, ..., N, is a function of the
capacitance of the capacitor Cge. The third voltage Vk
of the waveform of each odd modulated clock signal CK-
Hk, k=1, 3,5, ..., N-1, of the N modulated clock signals
{CKHj},j=1, 2,3, ..., N, is a function of the resistance of
the third resistor Rg, and wherein the third voltage Vq of
the waveform of each even modulated clock signal CK-
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Hqg, 9 = 2, 4, 6, ..., N, of the N modulated clock signals
{CKHij}is a function of the resistance of the fourth resistor
Re.

[0023] In one embodiment, the resistance of the third
resistor Ry, is different from the resistance of the fourth
resistor Rg, and the voltage difference AV1 = (Vk - VGL)
between the third voltage Vk and the first voltage VGL
of the waveform of each odd modulated clock signal, CK-
Hk, k =1, 3, 5, ..., N-1, is different from the voltage dif-
ference AV2 = (Vq - VGL) between the third voltage Vq
and the first voltage VGL of the waveform of each even
modulated clock signal CKHq,q =2,4,6, ..., N.

[0024] Additionally, the corresponding clock signal CKj
has a falling edge at time t2. When the clock signal CKj
is falling at time t2, (a) the logic control unit generates a
first signal to turn on the corresponding switch Sj, thereby
discharging the corresponding modulated clock signal
CKHj output from the j-th output of the level shifter
through the third resistor Ry or the fourth resistor R to
the ground, and (b) the LDO regulator LDO_O provides
a current signal passing through the first resistor Rggey
to charge the capacitor C4g, thereby charging the node
DTS to have a voltage V5. Meanwhile, the comparator
compares the voltage Vprg of the DTS node with the
reference voltage Vref, wherein when Vp1g = Vref, the
comparator generates an output signal to the logic control
unit to generate a second signal to turn off the corre-
sponding switch Sj, and to the control terminal of the
switch SW to turn on the switch SW, thereby discharging
the voltage Vptg of the node DTS through the second
resistor Rprg to the ground.

[0025] These and other aspects of the present inven-
tion will become apparent from the following description
of the preferred embodiment taken in conjunction with
the following drawings, although variations and modifi-
cations therein may be affected without departing from
the spirit and scope of the novel concepts of the disclo-
sure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings illustrate one or
more embodiments of the invention and, together with
the written 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 gate pulse modulation
(GPM) circuit according to one embodiment of the
present invention;

Fig. 2 shows schematically a block diagram of a logic
control unit utilized in the GPM circuit according to
one embodiment of the present invention;

Fig. 3 (a)-(d) show schematically current flows es-
tablished at different times in the GPM as shown in
Fig. 1;

Fig. 4 (a)-(b) show schematically waveforms of the
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clock signals and the modulated clock signals gen-
erated by the GPM circuit according to one embod-
iment of the presentinvention, (a) odd channels, and
(b) even channels;

Fig. 5 shows schematically waveforms of a clock sig-
nal, a level-shifted clock signal and a modulated
clock signal generated by the GPM circuit according
to one embodiment of the present invention;

Fig. 6 shows schematically waveforms of clock sig-
nals and modulated clock signals generated by the
GPM circuit according to one embodiment of the
present invention;

Fig. 7 shows schematically a block diagram of an
LCD according to one embodiment of the present
invention; and

Fig. 8 shows schematically a GPM circuit and a shift
register utilized in an LCD according to one embod-
iment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0027] The present invention is more particularly de-
scribed in the following examples that are intended as
illustrative only since numerous modifications and vari-
ations therein will be apparent to those skilled in the art.
Various embodiments of the invention 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 refer-
ence 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.
[0028] The terms used in this specification generally
have their ordinary meanings in the art, within the context
of the invention, and in the specific context where each
term is used. Certain terms that are used to describe the
invention are discussed below, or elsewhere in the spec-
ification, to provide additional guidance to the practitioner
regarding the description of the invention. The use of
examples anywhere in this specification, including exam-
ples of any terms discussed herein, is illustrative only,
and in no way limits the scope and meaning of the inven-
tion or of any exemplified term. Likewise, the invention
is not limited to various embodiments given in this spec-
ification.

[0029] As used herein, "around”, "about" or "approxi-
mately" shall generally mean within 20 percent, prefera-
bly within 10 percent, and more preferably within 5 per-
cent 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.

[0030] As used herein, the terms "comprise or com-
prising", "include or including", "have or having", "contain
or containing" and the like are to be understood to be

open-ended, i.e., to mean including but not limited to.
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[0031] The description will be made as to the embod-
iments of the present invention in conjunction with the
accompanying drawings in Figs. 1-8. In accordance with
the purposes of this invention, as embodied and broadly
described herein, this invention, in one aspect, relates to
a gate pulse modulation (GPM) circuit usable in a liquid
crystal display (LCD).

[0032] Referring to Fig. 1, a GPM circuit 100 is shown
according to one embodiment of the present invention.
The GPM circuit 100 includes a low dropout (LDO) reg-
ulator LDO_O, a capacitor Cyg, a first resistor R, @
second resistor Rptg, and a fourth resistor Rg, a third
resistor Ry, a switch device SW, a comparator 110, a
logic control unit 120, a level shifter 130, and N switches
{Sj},j=1,2, 3, ...N, N being an even integer greater than
zero. In this exemplary embodiment as shown in Fig. 1,
N = 6, i.e., a six-phase configuration is shown. In one
embodiment, the LDO regulator LDO_0 is a current
source.

[0033] As shown in Fig. 1, the first resistor R has
afirstterminal electrically connected to the LDO regulator
LDO_O and a second terminal electrically connected to
a node DTS, respectively. The capacitor Cgg has a first
terminal electrically connected to the second terminal of
the first resistor Rc¢et and a second terminal electrically
connected to the ground, respectively. The switch device
SW has a control terminal, a first terminal electrically con-
nected to the node DTS, and a second terminal. The
second resistor Rptg has a first terminal electrically con-
nected to the second terminal of the switch SW and a
second terminal electrically connected to the ground, re-
spectively.

[0034] The comparator 110 has a first input 111 elec-
trically connected to the node DTS, a second input 112
for receiving a voltage signal Vref, and an output 113
electrically connected to the control terminal of the switch
device SW, respectively.

[0035] The level shifter 130 is adapted for converting
voltage levels of one or more clock signals into desired
voltage levels. In the six-phase configuration, as shown
in Fig. 1, the level shifter 130 has an input port 130a (or
six (6) inputs) for receiving six (6) clock signals CK1,
CK2, ..., CK6, and six (6) outputs 131, 132, ..., 136 for
outputting six corresponding level-shitted clock signals
LS1, LS2, ..., LS6, respectively. These clock signals
CK1, CK2, ..., CK6 are usually generated by a time con-
troller TCON. The level-shitted clock signals LS1,
LS2, ..., LS6 are modulated by the GPM circuit 100 in
the form of modulated clock signals CKH1, CKH2, ...,
CKHB6, respectively.

[0036] For example, as shown in Fig. 5, each of the
clock signals CK1, CK2, ..., CK6 has a rectangle wave-
form with a low voltage, 0V, and a high voltage, 2.5V.
After the clock signals CK1, CK2, ..., CKG6 are level-shift-
ed by the level shifter, the corresponding level-shifted
clock signals LS1, LS2, ..., LS6 has the same waveform
as that of the clock signals CK1, CK2, ..., CK6, but with
the low voltage shifted to -7V and the high voltage shifted
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to 23V, respectively. Each of the clock signals CK1,
CK2, ..., CK6 and the level-shifted clock signals LS1,
LS2, ..., LS6 has a falling edge. According to the present
invention, the level-shifted clock signals LS1, LS2, ...,
LS6 are respectively modulated via a predetermined dis-
charging process as will be discussed below, such that
each of the corresponding modulated clock signals
CKH1, CKH2, ..., CKH6 has a waveform with a desired
slope edge. Further, the slope rate for the odd modulated
clock signals CKH1, CKH3, CKH5 is different from that
for the even modulated clock signals CKH2, CKH4,
CKH6.

[0037] Referring back to Fig. 1, the logic control unit
120 has a first input port 121 for receiving six (6) clock
signals CK1, CK2, ..., CK6, a second input 122 is elec-
trically connected to the output 113 of the comparator
110 and an output 126.

[0038] As shown in Fig. 1, in the six-phase configura-
tion, the GPM circuit 100 includes six switches S1, S2, ...,
S6. Each switch has a control terminal electrically con-
nected to the output 126 of the logic control unit 120, a
first terminal is electrically connected to a respective out-
put 131/132/.../136 of the level shifter 130, and a second
terminal. For the odd switches S1, S3, S5, their second
terminals are electrically connected to the first terminal
of the third resistor Rq, which its second terminal is elec-
trically connected to the ground. For the even switches
S2, S4, S6, their second terminals are electrically con-
nected to the first terminal of the fourth resistor Rg, which
its second terminal is electrically connected to the
ground.

[0039] For such a configuration of the GPM circuit, as
shown in Fig. 4, each modulated clock signal
CKH1/CKH2/.../CKH6 has a waveform that rises from a
first voltage VGL into a second voltage VGH at time t1,
remains at the second voltage VGH until time t2, falls
fromthe second voltage VGH attime t2 into a third voltage
Vj at time t3 at a desired slope and falls from the third
voltage Vj into the first voltage VGL at time t3. T = (13 -
t2) defines a falling time of each modulated clock signal
CKH1/CKHZ2/.../CKH®6, which is a function of the capac-
itance of the capacitor C;. The third voltage Vk of the
waveform of each odd modulated clock signal
CKH1/CKH3/CKHS5 is a function of the resistance of the
third resistor R, while the third voltage Vq of the wave-
form of each even modulated clock signal
CKH2/CKH4/CKH6 is a function of the resistance of the
fourth resistor Rg. In other words, the voltage difference
AV1 = (Vk - VGL) between the third voltage Vk and the
first voltage VGL of the waveform of each odd modulated
clock signal CKH1/CKH3/CKHS5 is a function of the re-
sistance of the third resistor Rq, and the voltage differ-
ence AV2 = (Vq - VGL) between the third voltage Vq and
the first voltage VGL of the waveform of each even mod-
ulated clock signal CKH2/CKH4/CKHG6 is a function of
the resistance of the fourth resistor Rg. Therefore, ac-
cording to the present invention, AV1 and AV2 can have
different values by choosing the resistance of the third
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resistor Ry different from the resistance of the fourth re-
sistor Rg.

[0040] Referringto Fig. 2, the logic control unit 120 has
a CKpulse falling edge detector 123, a comparator output
detector 124 and a switch ON/OFF controller 125. The
CK pulse falling edge detector 123 is adapted for receiv-
ing each of the N clock signals {CKj}, j =1, 2, 3, ..., N,
generated from the time controller TCON 101, and for
detecting a falling edge of a waveform of each of the
received N clock signals {CKj}. The comparator output
detector 124 is adapted for receiving an output signal
output from the comparator 110. The switch ON/OFF
controller 125 in communications with the CK pulse fall-
ing edge detector 123 and the comparator output detec-
tor 124 is adapted for generating a signal to turn on or
turn off a corresponding switch of the N switches {Sj}, j
=1, 2, 3, ..., N, in accordance with the detected falling
edge of the corresponding modulated clock signal by the
CK pulse falling edge detector 123 and the detected out-
put signal from the comparator by the comparator output
detector 124.

[0041] Specifically, when the CK pulse falling edge de-
tector 123 detects a falling edge at time t2 in the first
clock signal CK1, where its voltage level falls from a high
voltage VgH to a low voltage VgL, as shown in Fig. 4(a),
the switch ON/OFF controller 125 responsively gener-
ates a first signal to turn on the corresponding switch S1.
Accordingly, a current I+ flows from the output 131 of
the level shifter 130 through the third resistor R to the
ground, as shown in Fig. 3(b), which discharges the cor-
responding level-shifted clock signal LS1, thereby caus-
ing the modulated clock signal CKH1 to decrease from
the second voltage VGH with a falling slope. Meanwhile,
the LDO regulator LDO_O provides a current signal |4
passing through the first resistor R4 to charge the ca-
pacitor Cgg, thereby charging the node DTS to have a
voltage Vp1g as shown in Fig. 3(a).

[0042] Then, the comparator 110 compares the volt-
age Vprg of the DTS node with the reference voltage
Vref. When Vptg = Vref at time t3, as shown in Fig. 4(a),
the comparator 110 generates an output signal to the
comparator output detector 124 to cause the switch
ON/OFF controller 125 to generate a second signal to
turn off the corresponding switch S1, as shown in Fig. 3
(d), where no current flows from the output 131 of the
level shifter 130 through the third resistor Ry to the
ground. Accordingly, the modulated clock signal CKH1
decreases to the third level Vk at time t3, as shown in
Fig. 4(a). Meanwhile, the generated output signal is ap-
plied to the control terminal of the switch device SW to
turn on the switch device SW, so that a current I, flows
from the node DTS through the second resistor Rprg to
the ground, thereby discharging the voltage Vptg of the
node DTS through the second resistor Rptg to the
ground, as shown in Fig. 3(c). Preferably, the voltage
Vprs of the node DTS is discharged to zero prior to the
next cycle of the processes. The charging time T = (13 -
t2) of the capacitor Cset from zero to Vref is the falling
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slope time of the modulated clock signal CKH1 from the
second voltage VGH to the third level Vk. The charging
time T = (t3 - t2) of the capacitor Cset can be adjusted
by setting up the voltage value of Vref. The third voltage
Vk is determined by the resistance of the third resistor
Ro and the charging time T of the capacitor Cset.
[0043] The above processes are repeated for obtain-
ing the other modulated clock signals, CKH2, CKH3, ...,
CKH(N-1). For the even modulated clock signals CKH2,
CKH4, ..., CKHN the third voltage Vq is determined by
the resistance of the fourth resistor Rg and the charging
time T of the capacitor Cset.

[0044] Fig. 6 shows time charts of six clock signals
CK1, CK2, ..., CK6, and the corresponding modulated
clock signals CKH1, CKH2, ..., CKH6 generated from a
six-phase GPM circuit according to the presentinvention.
Each waveform of the modulated clock signals CKH1,
CKH2, ..., CKH6 has a falling slope starting at the time
when the waveform of the corresponding clock signal
falls.

[0045] Figs. 7 and 8 show an LCD 700 that utilizes a
GPM circuit 720 to modulate odd gate pulse waveforms
and even gate pulse waveforms according to one em-
bodiment of the present invention.

[0046] The LCD 700 has an LCD panel 710 having a
plurality of rows of pixel elements 711 and 712 therein
and a corresponding plurality of gate lines g1, g2, g3, g4
electrically coupled to the plurality of rows of pixel ele-
ments 711 and 712. For the purpose of illustration of the
invention, only two rows of pixel elements 711 and 712
and four gate lines g1, g2, g3, g4 are shown in this ex-
emplary embodiment. The LCD 700 also has a GPM cir-
cuit 720 for receiving four clock signals CK1, CK2, CK3
CK4, and for outputting four modulated clock signals
CKH1, CKH2, CKH3, CKH4. Each modulated clock sig-
nal CKH1/CKH2/CKH3/CKH4 is corresponding to a clock
signal CK1/CK2/CK3/CK4 and has a waveform having a
desired falling slope. The details of the GPM circuit 720
is same as that of the GPM circuit 100, as shown in Fig.
1 and discussed above, except in the embodiment, a
four-phase configuration is utilized. The modulated clock
signals CKH1, CKH2, CKH3, CKH4 are input to a shift
register 730 formed on a glass substrate of the LCD panel
710, i.e., the gate on array (GOA). The shift register 730
responsively generates a plurality of gate signals G(1),
G(2), .... According to the present invention, the wave-
forms of the odd gate signals and of the even gate signals
are different. When the plurality of gate signals G(1), G
(2), ... is sequentially applied to the plurality of gate lines
g1, g2, ... to drive the plurality of rows of pixel elements
711 and 712, the odd gate lines and the even gate lines
have different feed-through effects, thereby minimizing
the dark-bright line and flicker phenomena associated
with the HSD pixel design and improving display perform-
ance of the LCD.

[0047] The foregoing description of the exemplary em-
bodiments of the invention has been presented only for
the purposes of illustration and description and is not
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intended to be exhaustive or to limit the invention to the
precise forms disclosed. Many modifications and varia-
tions are possible in light of the above teaching.

[0048] The embodiments were chosen and described
in order to explain the principles of the invention and their
practical application so as to enable 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, the scope of the present invention
is defined by the appended claims rather than the fore-
going description and the exemplary embodiments de-
scribed therein.

Claims

1. A gate pulse modulation (GPM) circuit usable in a
liquid crystal display (LCD), comprising:

(a) a low dropout (LDO) regulator (LDO_O);
(b) afirst resistor (Rgget), having a first terminal
electrically connected to the LDO regulator
(LDO_O) and a second terminal electrically con-
nected to a node (DTS), respectively;
(c)acapacitor (Cgq), having afirstterminal elec-
trically connected to the second terminal of the
first resistor (Rcget) @nd a second terminal elec-
trically connected to the ground, respectively;
(d) a switch (SW) having a control terminal, a
first terminal electrically connected to the node
(DTS) and a second terminal;

(e) a second resistor (Rprg), having a first ter-
minal electrically connected to the second ter-
minal of the switch (SW) and a second terminal
electrically connected to the ground, respective-
ly;

(f) a comparator having a first input electrically
connected to the node (DTS), a second input for
receiving a voltage signal (Vref) and an output
electrically connected to the control terminal of
the switch (SW), respectively;

(g) a level shifter having N inputs for receiving
N clock signals ({CKj}), respectively, and N out-
puts for outputting N modulated clock signals
({CKHj}), respectively, j = 1, 2, 3, ...N, N being
an even integer greater than zero;

(h) a logic control unit having a first input for re-
ceiving the N clock signals ({CKj}), a second in-
put electrically connected to the output of the
comparator and an output;

(i) N switches ({Sj}), each switch (Sj) having a
controlterminal electrically connected to the out-
put of the logic control unit, a first terminal elec-
trically connected to a respective output of the
level shifter, and a second terminal;
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(j) a third resistor (Rp) having a first terminal
electrically connected to the second terminal of
each odd switch (Sk), k=1, 3, 5, ..., N-1, of the
N switches ({Sj}) and a second terminal electri-
cally connected to the ground, respectively; and
(k) a fourth resistor (Rg), having a first terminal
electrically connected to the second terminal of
each even switch (Sq), g =2, 4, 6, ...N, of the N
switches ({Sj}) and a second terminal electrically
connected to the ground, respectively.

The GPM circuit of claim 1, wherein each modulated
clock signal (CKHj) of the N modulated clock signals
({CKHj},j=1,2,3, ..., N, has a waveform that rises
from a first voltage (VGL) into a second voltage
(VGH) at time (t1), remains at the second voltage
(VGH) until time (t2), falls from the second voltage
(VGH) at time (t2) into a third voltage (Vj) at time (t3),
at a desired slope and falls from the third voltage (Vj)
into the first voltage (VGL) at time (t3), and wherein
T = (t3 - t2) defines a falling time of each modulated
clock signal (CKH;j).

The GPM circuit of claim 2, wherein the falling time
T = (13 - t2) of each modulated clock signal (CKHj),
j=1,2,3, .., N, is a function of the capacitance of
the capacitor (Cggy).

The GPM circuit of claim 3, wherein the third voltage
(VK) of the waveform of each odd modulated clock
signal (CKHk), k=1, 3,5, ..., N-1, of the N modulated
clock signals ({CKHj}),j=1, 2, 3, ..., N, is a function
ofthe resistance of the third resistor (R), and where-
in the third voltage (Vq) of the waveform of each even
modulated clock signal (CKHq), q=2,4,6, ..., N, of
the N modulated clock signals ({CKH;j}) is a function
of the resistance of the fourth resistor (Rg).

The GPM circuit of claim 4, wherein the resistance
of the third resistor (Rp) is different from the resist-
ance of the fourth resistor (Rg), and wherein the volt-
age difference AV1 = (Vk - VGL) between the third
voltage (VK) and the first voltage (VGL) of the wave-
form of each odd modulated clock signal (CKHk), k
=1,3,5, ..., N-1, is different from the voltage differ-
ence AV2 = (Vq - VGL) between the third voltage
(Vq) and the first voltage (VGL) of the waveform of
each even modulated clock signal (CKHq), q = 2, 4,
6, ..., N.

The GPM circuit of claim 1, wherein the logic control
unit comprises:

(a) a CK pulse falling edge detector for receiving
each of the N clock signals ({CKj}),j=1,2,3, ...,
N, and detecting a falling edge of a waveform of
each of the N clock signals ({CKj});

(b) a comparator output detector for receiving
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an output signal output from the comparator; and
(c) a switch ON/OFF controller in communica-
tions with the CK pulse falling edge detector and
the comparator output detector for turning on or
turning off a corresponding switch of the N
switches ({Sj}),j =1, 2, 3, ..., N, in accordance
with the detected falling edge of the correspond-
ing modulated clock signal by the CK pulse fall-
ing edge detector and the detected output signal
from the comparator by comparator output de-
tector.

7. The GPM circuit of claim 6, wherein when the CK

pulse falling edge detector detects a falling edge in
a clock signal (CKj),j=1,2,3, ..., N,

(a) the switch ON/OFF controller responsively
generates a first signal to turn on the corre-
sponding switch (Sj), thereby discharging the
corresponding modulated clock signal (CKHj)
output from the j-th output of the level shifter
through the third resistor (Rp) or the fourth re-
sistor (Rg) to the ground; and

(b) the LDO regulator (LDO_O) provides a
current signal passing through the first resistor
(Reset) to charge the capacitor (Cgy), thereby
charging the node (DTS) to have a voltage

(Vors)-

8. Aliquid crystal display (LCD), comprising:

(a) an LCD panel having a plurality of rows of
pixel elements therein and a corresponding plu-
rality of gate lines coupled to the plurality of rows
of pixel elements;

(b) a gate pulse modulation (GPM) circuit for re-
ceiving N clock signals ({CKj}), j=1,2, 3, ..., N,
N being an even integer greater than zero, and
for outputting N modulated clock signals ({CK-
Hj}), wherein each modulated clock signal (CK-
Hj) is corresponding to a clock signal (CKj) and
has a waveform having a desired falling slope;
and

(c) a shift register for receiving the N modulated
clock signals ({CKH;j}) and for generating a plu-
rality of gate signals sequentially applied to the
plurality of gate lines to drive the plurality of rows
of pixel elements,

wherein the gate pulse modulation (GPM) circuit
comprises:

(i) a low dropout (LDO) regulator (LDO_O);

(i) a first resistor (Rgget), having a first terminal
electrically connected to the LDO regulator
(LDO_O) and a second terminal electrically con-
nected to a node (DTS), respectively;

(iif) a capacitor (C4g), having afirstterminal elec-
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10.

1.

trically connected to the second terminal of the
first resistor (R¢et) and a second terminal elec-
trically connected to the ground, respectively;
(iv) a switch (SW), HAVING a control terminal,
afirst terminal electrically connected to the node
(DTS) and a second terminal;

(v) a second resistor (Rptg) having a first termi-
nal electrically connected to the second terminal
of the switch (SW) and a second terminal elec-
trically connected to the ground, respectively;
(vi) a comparator having a first input electrically
connected to the node (DTS), a second input for
receiving a voltage signal (Vref), and an output
electrically connected to the control terminal of
the comparator , respectively;

(vii) a level shifter having N inputs for receiving
the N clock signals ({CKj}), respectively, and N
outputs for outputting the N modulated clock sig-
nals, ({CKHj}), respectively, j =1, 2, 3, ...N, N
being an even integer greater than zero;

(viii) a logic control unit having a first input for
receiving the N clock signals ({CKj}), a second
input electrically connected to the output of the
comparator and an output;

(ix) N switches ({Sj}), each switch (Sj) having a
controlterminal electrically connected to the out-
put of the logic control unit, a first terminal elec-
trically connected to a respective output of the
level shifter, and a second terminal;

(x) a third resistor (Rp), having a first terminal
electrically connected to the second terminal of
each odd switch (Sk), k=1, 3, 5, ..., N-1, of the
N switches ({Sj}) and a second terminal electri-
cally connected to the ground, respectively; and
(xi) a fourth resistor (Rg,) having a first terminal
electrically connected to the second terminal of
each even switch (Sq), g =2, 4, 6, ...N, of the N
switches ({Sj}) and a second terminal electrically
connected to the ground, respectively.

The LCD of claim 8, wherein the waveform of each
modulated clock signal (CKHj) of the N modulated
clock signals ({CKHj}),j=1, 2, 3, ..., N, rises from a
first voltage (VGL), into a second voltage (VGH), at
time( t1), remains at the second voltage (VGH) until
time (t2), falls from the second voltage (VGH) at time
(t2) into a third voltage (Vj) at time (t3) at a desired
slope; and falls from the third voltage (Vj) into the
first voltage (VGL) at time (t3), and wherein T = (t3
- t2) defines a falling time of each modulated clock
signal (CKHj).

The LCD of claim 9, wherein the falling time T = (t3
- t2) of each modulated clock signal (CKHj), j=1, 2,
3, ..., N, is a function of the capacitance of the ca-
pacitor (Cggy).

The LCD of claim 10, wherein the third voltage (Vk)
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of the waveform of each odd modulated clock signal
(CKHK),k=1,3,5, ..., N-1, of the N modulated clock
signals ({CKHj}),j=1, 2, 3, ..., N, is a function of the
resistance of the third resistor (Rg), and wherein the
third voltage (Vq) of the waveform of each even mod-
ulated clock signal (CKHq), g =2, 4, 6, ..., N, of the
N modulated clock signals ({CKH}}) is a function of
the resistance of the fourth resistor (Rg).

The LCD of claim 11, wherein the resistance of the
third resistor (Rp) is different from the resistance of
the fourth resistor (Rg), and wherein the voltage dif-
ference AV1 = (Vk - VGL) between the third voltage
(Vk) and the first voltage (VGL) of the waveform of
each odd modulated clock signal (CKHk), k =1, 3,
5, ...,N-1, is different from the voltage difference AV2
= (Vq - VGL) between the third voltage (Vq) and the
first voltage (VGL) of the waveform of each even
modulated clock signal (CKHq), g =2, 4, 6, ..., N.

The GPM circuit of claim 2 or the LCD of claim 9,
wherein the corresponding clock signal (CKj) has a
falling edge at time t2.

The LCD of claim 13, wherein when the clock signal
(CKj) is falling at time (t2),

(c) the logic control unit generates a first signal
to turn on the corresponding switch (Sj), thereby
discharging the corresponding modulated clock
signal (CKHj) output from the j-th output of the
level shifter through the third resistor (Rp) or the
fourth resistor (Rg) to the ground; and

(d) the LDO regulator (LDO_O) provides a
current signal passing through the first resistor
(Reset) to charge the capacitor (Cggy), thereby
charging the node (DTS) to have a voltage

(Vprs)-

The GPM circuit of claim 7 or the LCD of claim 14,
wherein the comparator compares the voltage
(Vprs) of the node (DTS) with the reference voltage
(Vref), wherein when Vptg = Vref, the comparator
generates an output signal to

(a) the logic control unit to generate a second
signal to turn off the corresponding switch (Sj);
and

(b) the control terminal of the switch (SW) to turn
on the switch (SW), thereby discharging the volt-
age (Vprg) of the node (DTS) through the sec-
ond resistor (Rptg) to the ground.
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