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(57) ABSTRACT

A liquid crystal display includes a plurality of pixels, each of
which includes a thin film transistor (TFT), a gate line sup-
plying a driving signal to a gate of the TFT of each pixel, a
liquid crystal capacitor included in each pixel and connected
to one terminal of the TFT in a corresponding pixel, a sub-
capacitor line aligned in parallel to the gate line, a sub-ca-
pacitor included in each pixel and connected between one
terminal of the TFT in a corresponding pixel and the sub-
capacitor line, and a driving circuit having at least four volt-
ages, selecting one of the voltages and supplying the selected
voltage to the sub-capacitor line to drive the liquid crystal
display in a state in which the liquid crystal capacitor is

Dec. 11,2006  (KR) wovveiciveecennn 10-2006-125722 capacitively coupled to the sub-capacitor.
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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of co-
pending U.S. application Ser. No. 11/929,260 filed Oct. 30,
2007, which claims priority to Korean Patent Application No.
10-2006-125722, filed on Dec. 11, 2006, the disclosure of
which is herein incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to a liquid crystal dis-
play (LCD), and more particularly to an active matrix liquid
crystal display (AMLCD).

[0004] 2. Discussion of Related Art

[0005] An LCD controls the erect or alignment state of the
liquid crystal molecules of each pixel by driving correspond-
ing thin film transistors (TFTs). The LCD has a plurality of
pixels aligned in a predetermined direction. The TF T's operate
by driving signals supplied to gate electrodes through gate
lines.

[0006] The gate lines pass through the pixels aligned in the
predetermined direction. Each pixel has a liquid crystal
capacitor and one terminal of the liquid crystal capacitor is
connected to one terminal of the TFT. Sub-capacitor lines
extend in parallel to the gate lines over a plurality of pixels.
The sub-capacitor lines transmit signals to sub-capacitor
devices. A sub-capacitor device is connected between the
sub-capacitor line and one terminal of each TFT. A driving
circuit is connected to the sub-capacitor lines and applies a
voltage to the sub-capacitor lines. As the voltage s applied to
the sub-capacitor lines through the driving circuit, the sub-
capacitor devices are charged and the sub-capacitor devices
are capacitively coupled to the liquid crystal capacitors. As a
result, the erect state or alignment state of the liquid crystal
molecules in each pixel is maintained.

[0007] The liquid crystal molecules may be fixed at a
desired erect or alignment state by applying voltages having
two different values to the sub-capacitor lines. However,
adjusting the erect or alignment state of the liquid crystal
molecules to a desired state by using the two different voltage
values can be difficult. Further, the liquid crystal molecules
may take a relatively long time in transitioning to the erect or
alignment state and it can be difficult to improve the response
speed of the liquid crystal molecules.

[0008] Thus, there is a need for an LCD that can rapidly
adjust the alignment of liquid crystal molecules into a desired
erect state.

SUMMARY OF THE INVENTION

[0009] In an exemplary embodiment of the present inven-
tion, a liquid crystal display comprises a plurality of pixels, a
gate line, a liquid crystal capacitor, a sub-capacitor line, a
sub-capacitor and a driving circuit. The pixels may be aligned
in a predetermined direction. Each pixel has a thin film tran-
sistor (TFT). The gate line supplies a driving signal to a gate
of the TFT in each pixel. The liquid crystal capacitor is
included in each pixel and connected to an output terminal of
the TFT in a corresponding pixel. The sub-capacitor line is
aligned in parallel to the gate line. The sub-capacitor is
included in each pixel and connected between the output
terminal of the TFT in a corresponding pixel and the sub-
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capacitor line. The driving circuit provides at least four volt-
ages, selects one of the voltages and supplies the selected
voltage to the sub-capacitor line, to drive the liquid crystal
display in a state in which the liquid crystal capacitor is
capacitively coupled to the sub-capacitor. The driving circuit
may repeatedly supply the four voltages to the sub-capacitor
line in a sequence of the third voltage, the fourth voltage, the
second voltage and the first voltage, in which the first
voltage>the second voltage>the third voltage>the fourth
voltage.

[0010] Inexemplary embodiment of the present invention,
a liquid crystal display comprises a plurality of pixels, a gate
line, a liquid crystal capacitor, a sub-capacitor line, a first
sub-capacitor, a second sub-capacitor and a driving circuit.
The pixels may be aligned in a predetermined direction. Each
pixel includes a TFT and is classified as a first group pixel and
asecond group pixel. The gate line supplies a driving signal to
a gate of the TFT in each pixel. The liquid crystal capacitor is
included in each pixel and connected to one terminal of the
TFT in a corresponding pixel. The sub-capacitor line com-
prises a first sub-capacitor line and a second sub-capacitor
line aligned such that the gate line is interposed between the
first and second sub-capacitor lines. The first sub-capacitor is
included in the first group pixel and connected between one
terminal of the TFT in a corresponding pixel and the first
sub-capacitor line. The second sub-capacitor is included in
the second group pixel and connected between one terminal
of the TFT in a corresponding pixel and the second sub-
capacitor line. The driving circuit has at least four voltages,
selects one of the voltages, and supplies the selected voltage
to the first sub-capacitor line and the second sub-capacitor
line to operate the liquid crystal display in a state in which the
liquid crystal capacitor is capacitively coupled to the first
sub-capacitors in the first group pixel, and the liquid crystal
capacitor is capacitively coupled to the second sub-capacitor
in the second group pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will become readily apparent
by reference to the following detailed description when con-
sidered in conjunction with the accompanying drawings
wherein:

[0012] FIG. 1 is a circuit diagram of elements of an LCD
according to an exemplary embodiment of the present inven-
tion;

[0013] FIG. 2is a circuit diagram of a display panel of the
LCD shown in FIG. 1;

[0014] FIG. 3A is a signal waveform showing a driving
method of an LCD according to an exemplary embodiment of
the present invention;

[0015] FIG. 3B is a signal waveform showing a driving
method of an LCD according to an exemplary embodiment of
the present invention

[0016] FIG. 4 is a view schematically showing positions at
which sub-capacitors are formed in pixels of an LCD accord-
ing to an exemplary embodiment of the present invention;

[0017] FIG. 5 is a sectional view taken along line 5-5 in
FIG. 4;
[0018] FIG. 6 is a circuit diagram of a driving circuit

according to an exemplary embodiment of the present inven-
tion; and

[0019] FIG. 7 shows a timing diagram for an operation ofa
driving circuit according to an exemplary embodiment of the
present invention.
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DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0020] Hereinafter, exemplary embodiments of the present
invention will be explained in detail with reference to the
accompanying drawings.

[0021] FIG. 1 is a circuit diagram of elements of an LCD
according to an exemplary embodiment of the present inven-
tion. Referring to FIG. 1, the LCD 10 is an AMLCD and
operates by using a dot inversion driving method. However,
the LCD 10 may operate by using various other driving meth-
ods, such as a line inversion driving method.

[0022] The LCD 10 comprises a display panel 11. The
display panel 11 comprises a substrate 11A and a plurality of
pixels 12 on the substrate 11A. Each pixel 12 has a rectangu-
lar shape in which the longitudinal length thereof may be
longer than the transversal length thereof. The pixels 12 are
aligned in row and column directions, thereby forming a
matrix pattern.

[0023] Each pixel 12 includes a TFT 14, a liquid crystal
capacitor 15. One terminal of each liquid crystal capacitor 15
is connected to an output terminal of each TFT 14. The liquid
crystal capacitor 15 1s defined by a pixel electrode, a common
electrode facing the pixel electrode and a liquid crystal layer
interposed between the pixel electrode and the common elec-
trode.

[0024] The pixels 12 may be classified into pixels belong-
ing to a first group and pixels belonging to a second group.
Hereinafter, the pixels 12 belonging to the first group will be
referred to as a first group pixel 12A, and the pixels 12
belonging to the second group will be referred to as a second
group pixel 12B. The first group pixel 12A and the second
group pixel 12B are alternatively aligned in the row direction
and the column direction.

[0025] A gate line 16 is aligned at the central portion of
each pixel 12. The gate line 16 extends in a row direction and
passes through the central axis of each pixel 12. The gates 18
of the TFTs 14 are connected to the gate lines 16. The gate
lines 16 supply driving signals to the gates 18 of the TFTs 14
in the pixels 12. Accordingly, the TFTs 14 drive correspond-
ing pixels 12, respectively.

[0026] The display panel 11 includes first sub-capacitor
lines 20 that are parallel to the gate lines 16 in the row
direction of the pixels 12. Each first sub-capacitor line 20 is
aligned or formed along one end of the pixels 12 in the row
direction of the pixels 12. The first sub-capacitor line 20
extends in a direction parallel to the central axis of the pixel
12. For example, this relationship is applicable even if the first
sub-capacitor line 20 extends in a zigzag manner.

[0027] Thedisplay panel 11 includes second sub-capacitor
lines 22 that are parallel to the gate lines 16 in the row
direction of the pixels 12. The first and second sub-capacitor
lines 20 and 22 are aligned in parallel with one another while
the gate lines 16 are interposed therebetween. Each first sub-
capacitor line 20 is aligned at one side of a gate line 16 and
each second sub-capacitor line 22 is aligned at the other side
of the gate line 16.

[0028] Since the first and second sub-capacitor lines 20 and
22 do not overlap with portions of the pixels 12 where light is
transmitted, the aperture ratio of the pixels 12 can be
improved.

[0029] First sub-capacitors 24A are included in the first
group pixel 12A of the pixels 12. Each first sub-capacitor 24A
is connected between output terminal of a TFT 14 of the first
group pixel 12A and a first sub-capacitor line 20.
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[0030] Second sub-capacitors 24B are included in the sec-
ond group pixel 12B of the pixels 12. Each second sub-
capacitor 24B is connected between an output terminal of a
TFT 14 of the second group pixel 12B and a second sub-
capacitor line 22.

[0031] The first sub-capacitors 24A and the second sub-
capacitors 24B are alternatively aligned in the row direction
and the column direction of the pixels 12, respectively. The
first sub-capacitors 24A and the second sub-capacitors 24B
have substantially the same capacitance value.

[0032] Each first sub-capacitor 24 A is formed on a bound-
ary 26 of a second group pixel 12B that is adjacent to a first
group pixel 12A. Each second sub-capacitor 24B is formed
on a boundary 26 of a first group pixel 12A adjacent to a
second group pixel 12B.

[0033] Color filters 28 as shown in FIG. 5 are disposed on
the pixels 12. The color filters 28 correspond to pixels 12,
respectively. A plurality of light blocking sections 30 are
formed corresponding to the boundaries 26 adjacent to the
color filters 28.

[0034] Referring to FIG. 5, a gate insulating layer 50 is
formed on the lowest layer 48. The lowest layer 48 may
comprise glass. A semiconductor layer 56 is formed at the
lower portion of the gate insulating layer 50. The semicon-
ductor layer 56 is disposed to the right of the longitudinal
center line (the boundary between the red color filter 28 and
the blue color filter 28) of FIG. 5.

[0035] An interlayer dielectric layer 52 is formed on the
gate insulating layer 50. A pair of gate line layers 58 is formed
at the lower portion of the interlayer dielectric layer 52. The
gate line layers 58 are spaced apart from each other about the
longitudinal center line of FIG. 5.

[0036] The first sub-capacitor 24A in the first group pixel
12A and the second sub-capacitor 24B in the second group
pixel 12B are formed between the gate line layers 58 and the
semiconductor layer 56.

[0037] A passivation layer 54 is formed on the interlayer
dielectric layer 52. A signal line layer 60 is formed at the
lower portion of the passivation layer 54 about the longitudi-
nal center line of FIG. 5. The signal line layer 60 is disposed
above the gate line layers 58 such that both side ends of the
signal line layer 60 correspond to opposite end portions of the
gate line layers 58.

[0038] A pairofdisplayelectrodelayers 62 is formed above
the passivation layer 54 while being spaced apart from each
other about the longitudinal center line of FIG. 5. The oppo-
site ends of the display electrode layers 62 are aligned above
the signal line layer 60 in correspondence with both side ends
of the signal line layer 60.

[0039] The first sub-capacitors 24A and the second sub-
capacitors 24B are formed below the light blocking sections
30, respectively. The light blocking sections 30 of FIG. §
correspond to light blocking sections 30A, 30B, 30C, 30D
and 30E in FIG. 4. The first sub-capacitors 24A and the
second sub-capacitors 24B overlap with the light blocking
sections 30, so that the aperture ratio of the pixels 12 can be
significantly improved.

[0040] The first sub-capacitors 24A and the second sub-
capacitors 24B can be formed below the light blocking sec-
tions 30A in FIG. 4 that are disposed at boundaries between
the first group pixel 12A and the second group pixel 12B in
the row direction. The first sub-capacitors 24 A and the second
sub-capacitors 24B can be formed below the light blocking
sections 30B, 30C, 30D and 30E in FIG. 4 that are disposed at
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boundaries between the first group pixel 12A and the second
group pixel 12B in the column direction. The first sub-capaci-
tors 24 A and the second sub-capacitors 24B can be integrated
with each other in areas including combinations of at least one
of the light blocking sections 30B, 30C, 30D and 30E in FIG.
4) that are disposed at boundaries between the first group
pixel 12A and the second group pixel 12B in the column
direction, as well as the light blocking sections 30A in FIG. 4
disposed at boundaries between the first group pixel 12A and
the second group pixel 12B in the row direction.

[0041] The display panel 11 further comprises an opposite
substrate (not shown) facing the substrate 11A. A common
electrode connected to the other terminal of the liquid crystal
capacitor 15 is formed on the opposite substrate.

[0042] The LCD 10 includes a driving circuit 32. The driv-
ing circuit 32 includes a voltage generating circuit 34, a first
switch group 36, and a second switch group 38.

[0043] Voltages having at least four different values are
provided by the driving circuit 32. The embodiment of the
present invention illustrated in FIG. 1 uses four different
voltage values (V1 to V4). However, the present invention is
not limited thereto, as additional voltage values may be used.
The voltage generating circuit 34 generates the voltages (V1
to V4) having four different values.

[0044] The first switch group 36 selects one of the four
voltages V1 to V4 and supplies the selected voltage to the first
sub-capacitor line 20. The first switch group 36 selects the
first to fourth voltages (V1 to V4) and sequentially supplies
the first to fourth voltages to the first sub-capacitor line 20.
Accordingly, the driving circuit 32 operates the LCD 10 in a
state in which the liquid crystal capacitor 15 of the first group
pixel 12A is capacitively coupled to the first sub-capacitors
24A. As aresult, a voltage enabling the desired erect state of
the liquid crystal is supplied to the first sub-capacitor line 20,
so that the alignment of liquid crystal molecules can be rap-
idly shifted into a desired erect state.

[0045] The second switch group 38 selects one of four
voltages V1 to V4 and supplies the selected voltage to the
second sub-capacitor line 22. The second switch group 38
selects the first to fourth voltages (V1 to V4) and sequentially
supplies the first to fourth voltages to the second sub-capaci-
tor line 22. Accordingly, the driving circuit 32 operates the
LCD 10 in a state in which the liquid crystal capacitor 15 of
the second group pixel 12B is capacitively coupled to the
second sub-capacitors 24B. As a result, a voltage enabling the
desired erect state of the liquid crystal is supplied to the
second sub-capacitor line 22, so that the alignment of liquid
crystal molecules can be rapidly shifted into a desired erect
state.

[0046] An SC timing generator 40 is connected to the first
and second switch groups 36 and 38 as a switch control timing
generator. The SC timing generator 40 is part of the driving
circuit 32 together with the voltage generating circuit 34, the
first switch group 36 and the second switch group 38.
[0047] The SC timing generator 40 controls the switch
operation timings of the first switch group 36 and the second
switch group 38. The SC timing generator 40 operates in
synchronization with the vertical synchronization start signal
STV shown in FIG. 7.

[0048] A SC shift register 42 is connected to the SC timing
generator 40. The SC shift register 42 is part of the driving
circuit 32 together with the voltage generating circuit 34, the
first switch group 36, the second switch group 38 and the SC
timing generator 40. The SC shift register 42 operates based
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on a video synchronization signal CK'V, an STA signal and an
STB signal, and outputs a command signal regarding the gate
lines 16 selected by the SC timing generator 40 to the SC
timing generator 40.

[0049] A gatedriver 44 is connected to the gate line 16. The
gate driver 44 is part of the driving circuit 32 together with the
voltage generating circuit 34, the first switch group 36, the
second switch group 38, the SC timing generator 40 and the
SC shift register 42. The gate driver 44 supplies or outputs a
gate driving signal to the gate lines 16 corresponding to pixels
12 in an operation based on the vertical synchronization start
signal STV and the video synchronization signal CK'V.
[0050] The voltage generating circuit 34, the first switch
group 36, the second switch group 38, the SC timing genera-
tor 40, the SC shift register 42 and the gate driver 44 are
connected to a timing generator 46. The timing generator 46
is a part of the driving circuit 32 together with the voltage
generating circuit 34, the first switch group 36, the second
switch group 38, the SC timing generator 40, the SC shift
register 42 and the gate driver 44. The timing generator 46
outputs the vertical synchronization start signal STV, the
video synchronization signal CKV, the STA and STB signals,
and controls the operations of the voltage generating circuit
34, the first switch group 36, the second switch group 38, the
SC timing generator 40, the SC shift register 42 and the gate
driver 44.

[0051] Referring to FIGS. 6 and 7, the timing generator 46
outputs the video synchronization signal CKV, and the STA
and STB signals to the SC shift register 42. The periods of the
STA and STB signals input to the SC shift register 42 are N
times as long as the period of the vertical synchronization
start signal STV, in which N is a natural number. The periods
of SRA signals (SRA1 and SRA2 signals) and SRB signals
(SRB1 and SRB2 signals) output from the SC shift register 42
are N times as long as the period of the vertical synchroniza-
tion start signal STV, in which N is a natural number. Inthe SC
shift register 42, inverters 64A and 72a are connected to the
STA line and the inverters 648 and 72B are connected to the
STB signal line. The inverters 64A and 64B correspond to the
first sub-capacitor line 20 and the inverters 72A and 72B
correspond to the second sub-capacitor line 22.

[0052] Alatchcircuit 70A including inverters 66 A and 68 A
is connected after the inverter 64A. A latch circuit 70B includ-
ing inverters 66B and 68B is connected after the inverter 64B.
Signals output from the inverters 64A and 64B are input to the
latch circuits 70A and 70B, respectively. The latch circuits
70A and 70B correspond to the first sub-capacitor line 20. The
latch circuits 70A and 70B store a plurality of input signals
having different periods for a predetermined time and then
output the input signals. At least two latch circuits are con-
nected to each sub-capacitor line 20. The embodiment of the
present invention illustrated in FIG. 6 uses two latch circuits
70A and 70B. However, the present invention is not limited
thereto, as additional latch circuits may be used. The latch
circuit 70A outputs the SRA1 signal as an output signal and
simultaneously the latch circuit 70B outputs the SRB1 signal
as an output signal.

[0053] The output terminal of the inverter 66 A of the latch
circuit 70A is connected to the input terminal of the inverter
72A and the output terminal of the inverter 66B of the latch
circuit 70B is connected to the input terminal of the inverter
72B, which correspond to the second sub-capacitor line 22.
The signals output from the inverters 66A and 66B are input
to the inverters 72A and 72B, respectively.
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[0054] The SRA1 signal, which is a signal output from the
inverter 66A of the latch circuit 70A, and the SRB1 signal,
which is a signal output from the inverter 66B of the latch
circuit 70B, are input to the SC timing generator 40. The SC
timing generator 40 operates in synchronization with the
vertical synchronization start signal SW.

[0055] The SC timing generator 40 has signal lines corre-
sponding to the switches 36 A to 36D of the first switch group
36. A NAND gate 74A, an inverter 76 A and an inverter 78A
are connected to the signal line corresponding to the switch
36A, and a NAND gate 74B, an inverter 76B and an inverter
78B are connected to the signal line corresponding to the
switch 36B. A NAND gate 74C, an inverter 76C and an
inverter 78C are connected to the signal line corresponding to
the switch 36C, and a NAND gate 74D, an inverter 76D and
an inverter 78D are connected to the signal line corresponding
to the switch 36D. The SC timing generator 40 controls the
timing of the switches 36A to 36D of the first switch group 36
in response to the SRA1 signal output from the latch circuit
70A and the SRB1 signal output from the latch circuit 70B.

[0056] The output terminal of the inverter 66 A of the latch
circuit 70A is connected to one input terminal of the NAND
gate 74A corresponding to the switch 36A and is simulta-
neously connected to one input terminal of the NAND gate
74C corresponding to the switch 36C. The output terminal of
the inverter 68A of the latch circuit 70A is connected 1o one
input terminal of the NAND gate 74B corresponding to the
switch 36B and is simultaneously connected to one input
terminal of the NAND gate 74D corresponding to the switch
36D.

[0057] The output terminal of the inverter 66B of the latch
circuit 70B is connected to the other input terminal of the
NAND gate 74A corresponding to the switch 36A and is
simultaneously connected to the other input terminal of the
NAND gate 74B corresponding to the switch 36B. The output
terminal of the inverter 68B of the latch circuit 70B is con-
nected to the other input terminal of the NAND gate 74C
corresponding to the switch 36C and is simultaneously con-
nected to the other input terminal of the NAND gate 74D
corresponding to the switch 36D.

[0058] The input terminal of the inverter 76A is connected
to the output terminal of the NAND gate 74A, and the input
terminal of the inverter 78A is connected to the output termi-
nal of the inverter 76A. One terminal of the switch 36A is
connected to the output terminal of the inverter 78A. A signal
line branches between the inverter 76A and the inverter 78A
and the branched signal line is connected to the other terminal
of the switch 36A.

[0059] The input terminal of the inverter 76B is connected
to the output terminal of the NAND gate 74B, and the input
terminal of the inverter 78B is connected to the output termi-
nal of the inverter 76B. One terminal of the switch 36B is
connected to the output terminal of the inverter 78B. A signal
line branches between the inverter 76B and the inverter 78B
and the branched signal line is connected to the other terminal
of the switch 36B.

[0060] The input terminal of the inverter 76C is connected
to the output terminal of the NAND gate 74C, and the input
terminal of the inverter 78C is connected to the output termi-
nal of the inverter 76C. One terminal of the switch 36C is
connected to the output terminal of the inverter 78C. A signal
line branches between the inverter 76C and the inverter 78C
and the branched signal line is connected to the other terminal
of the switch 36C.
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[0061] The input terminal of the inverter 76D is connected
to the output terminal of the NAND gate 74D, and the input
terminal of the inverter 78D is connected to the output termi-
nal of the inverter 76D. One terminal of the switch 36D is
connected to the output terminal of the inverter 78D. A signal
line branches between the inverter 76D and the inverter 78D
and the branched signal line is connected to the other terminal
of the switch 36D. The output terminals of the switches 36 A
to 36D are connected in parallel to the first sub-capacitor line
20.

[0062] Alatchcircuit 84 A including inverters 80A and 82A
is connected after the inverter 72A, and a latch circuit 84B
comprising inverters 808 and 82B is installed after the
inverter 72B in such a manner that the latch circuits 84A and
84B correspond to the second sub-capacitor line 22. Signals
output from the inverters 72A and 72B are input to the latch
circuits 84A and 84B, respectively.

[0063] The latch circuits 84A and 84B are connected cor-
responding to the second sub-capacitor line 22. The latch
circuits 84 A and 848 stores a plurality ofinput signals having
different periods for a predetermined time and then output the
input signals. At least two latch circuits are connected at each
sub-capacitor line 22. The embodiment of the present inven-
tion illustrated in FIG. 6 uses two latch circuits 84A and 84B.
However, the present invention is not limited thereto, as addi-
tional latch circuits may be used. The latch circuit 84A out-
puts the SRA?2 signal as an output signal and simultaneously
the latch circuit 84B outputs the SRB2 signal as an output
signal.

[0064] The output terminal of the inverter 80A of the latch
circuit 84A is connected to an input terminal of an inverter
64A and the output terminal of the inverter 80B of the latch
circuit 84B is connected to the input terminal of the inverter
64A, which correspond to a first sub-capacitor line 20 of a
subsequent stage. The signals output from the inverters §0A
and 80B are input to the inverters 64A and 64B of the subse-
quent stage, respectively.

[0065] The SRA2 signal, which is a signal output from the
inverter 80A of the latch circuit 84A, and the SRB2 signal,
which is a signal output from the inverter 80B of the latch
circuit 84B, are input to the SC timing generator 40. The SC
timing generator 40 operates in synchronization with the
vertical synchronization start signal STV.

[0066] The SC timing generator 40 has signal lines corre-
sponding to the switches 38A to 38D of the second switch
group 38. A NAND gate 86C, an inverter 88C and an inverter
90C are connected to the signal line corresponding to the
switch 38C, and a NAND gate 86D, an inverter 88D and an
inverter 90D are connected to the signal line corresponding to
the switch 38D. A NAND gate 86A, an inverter 88A and an
inverter 90A are connected to the signal line corresponding to
the switch 38 A, and a NAND gate 86B, an inverter 88B and an
inverter 90B are connected to the signal line corresponding to
the switch 38B. The SC timing generator 40 controls timing
of the switches 38A to 38D of the second switch group 38 in
response to the SRA2 signal output from the latch circuit 84 A
and the SRB2 signal output from the latch circuit 84B.
[0067] The output terminal of the inverter 80A of the latch
circuit 84A is connected to one input terminal of the NAND
gate 86C corresponding to the switch 38C and is simulta-
neously connected to one input terminal of the NAND gate
86A corresponding to the switch 384 The output terminal of
the inverter 82A of the latch circuit 84A is connected to one
input terminal of the NAND gate 86D corresponding to the
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switch 38D and is simultaneously connected to one input
terminal of the NAND gate 86B corresponding to the switch
38B.

[0068] The output terminal of the inverter 80B of the latch
circuit 84B is connected to the other input terminal of the
NAND gate 86C corresponding to the switch 38C and is
simultaneously connected to the other input terminal of the
NAND gate 86D corresponding to the switch 38D. The output
terminal of the inverter 82B of the latch circuit 8413 is con-
nected to the other input terminal of the NAND gate 86A
corresponding to the switch 38A and is simultaneously con-
nected to the other input terminal of the NAND gate 8§6B
corresponding to the switch 38B.

[0069] The input terminal of the inverter 88A is connected
to the output terminal of the NAND gate 86 A, and the input
terminal of the inverter 90A is connected to the output termi-
nal of the inverter 88A. One terminal of the switch 38A is
connected to the output terminal of the inverter 90A. A signal
line branches between the inverter 88 A and the inverter 90A
and the branched signal line is connected to the other terminal
of the switch 38A.

[0070] The input terminal of the inverter 88B is connected
to the output terminal of the NAND gate 86B, and the input
terminal of the inverter 90B is connected to the output termi-
nal of the inverter 88B. One terminal of the switch 38B is
connected to the output terminal of the inverter 90B. A signal
line branches between the inverter 88B and the inverter 90B
and the branched signal line is connected to the other terminal
of the switch 38B.

[0071] The input terminal of the inverter 88C is connected
to the output terminal of the NAND gate 86C, and the input
terminal of the inverter 90C is connected to the output termi-
nal of the inverter 88C. One terminal of the switch 38C is
connected to the output terminal of the inverter 90C. A signal
line branches between the inverter 88C and the inverter 90C
and the branched signal line is connected to the other terminal
of the switch 38C.

[0072] The input terminal of the inverter 88D is connected
to the output terminal of the NAND gate 86D, and the input
terminal of the inverter 90D is connected to the output termi-
nal of the inverter 88D. One terminal of the switch 38D is
connected to the output terminal of the inverter 90D. A signal
line branches between the inverter 88D and the inverter 90D
and the branched signal line is connected to the other terminal
of the switch 38D.

[0073] Theoutput terminals of the switches 38 A to 38D are
connected in parallel to the second sub-capacitor lines 22.
[0074] The latch circuit 70A corresponding to the first sub-
capacitor line 20 is serially connected to the latch circuit 84A
corresponding to the second sub-capacitor line 22, so that
data can be transmitted between the latch circuits 70A and
84 A in asingle direction. The latch circuit 70B corresponding
to the first sub-capacitor line 20 is serially connected to the
latch circuit 84B corresponding to the second sub-capacitor
line 22, so that data can be transmitted between the latch
circuits 70B and 84B in a single direction.

[0075] FIG. 7 shows the operation timing of the driving
circuit 32 according to an exemplary embodiment of the
present invention. When the vertical synchronization start
signal STV is input to the gate driver 44 from the timing
generator 46, the gate driving signal is supplied to all gate
lines 16 in synchronization with the video synchronization
signal CKV. The gate 18 of each TFT 14 connected to each
gate line 16 is turned on and simultaneously the video syn-
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chronization signal CKV, and the STA and STB signals are
input to the SC shift register 42.

[0076] When the video synchronization signal CKV, and
the STA and STB signals are input to the SC shift register 42,
the SRA1 and SRBI1 signals are output to the SC timing
generator 40 from the latch circuits 70A and 70B, respec-
tively, in response to the video synchronization signal CKYV,
and the STA and STB signals.

[0077] The SRA2 and SRB2 signals are output to the SC
timing generator 40 from the latch circuits 84A and 84B,
respectively, in response to the SRA1 and SRB1 signals out-
put from the latch circuits 70A and 70B.

[0078] When the SRA1 and SRB1 signals are input to the
SC timing generator 40, one of the switches 36A to 36D is
selected in response to the SRA1 and SRB1 signals, so the
driving signal is supplied to the first sub-capacitor line 20.
When the SRA2 and SRB2 signals are input to the SC timing
generator 40, the SC timing generator 40 selects one of the
switches 38A to 38D in response to the SRA2 and SRB2
signals, and supplies the driving signal to the second sub-
capacitor line 22. The SC timing generator 40 changes the
states of the switches 36 A to 36D of the first switch group 36
and the switches 38A to 38D of the second switch group 38
based on the signal output from the SC shift register 42. The
SC timing generator 40 continuously outputs switch selection
signals (switch selection information), which are provided to
the switches 36A to 36D of the first switch group 36 and the
switches 38 A to 38D of the second switch group 38, until the
signal output from the SC shift register 42 changes. The SC
shift register 42 stores a plurality of input signals having
different periods for a predetermined time and then outputs
the input signals.

[0079] The driving circuit 32 supplies the gate driving sig-
nal having a predetermined period to the gate lines 16 and
simultaneously supplies a first signal S1 synchronized with
the gate driving signal to the first sub-capacitor line 20. The
driving circuit 32 supplies a second signal S2 having a phase
substantially inverse to that of the first signal S1 to the second
sub-capacitor line 22. The second signal S2 has a timing
slower than that of the first signal S1 by one horizontal period.
However, the difference between the supply timings of the
second signal S2 and the first signal S1 is not limited to one
horizontal period, as the difference may be less than or greater
than one horizontal period. The driving circuit 32 supplies the
first to fourth voltages to the the first sub-capacitor line 20 and
the second sub-capacitor line 22, in which the first voltage
V1>the second voltage V2>the third voltage V3>the fourth
voltage V4.

[0080] As shown in FIG. 3A, the driving circuit 32 repeat-
edly supplies the first to fourth voltages to the first sub-
capacitor line 20 and the second sub-capacitor line 22 in the
sequence of the third voltage V3, the first voltage V1, the
second voltage V2 and the fourth voltage V4.

[0081] The driving circuit 32 overdrives the voltage sup-
plied to the first sub-capacitor line 20 and the second sub-
capacitor line 22 directly after turning on the gates 18 of the
TFTs 14, which is at the shift timing of the voltage (pixel
voltage) of the pixels 12.

[0082] When the electric potential of the first group pixel
12A transitions from (=) to (+) and simultaneously the elec-
tric potential of the second group pixel 12B transitions from
(+) to (=), and when the third voltage V3 is being supplied to
the first sub-capacitor line 20 and simultaneously the second
voltage V2 is being supplied to the second sub-capacitor line
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22, the driving circuit 32 applies the driving voltage (the gate
driving signal) to the gate lines 16, and turns on the gate 18 of
the TFT 14 in a corresponding pixel 12, which turns on the
TFT 14. Then, the overdrive period is entered.

[0083] After applying the third voltage V3, the driving cir-
cuit 32 applies the first voltage VI higher than the second
voltage V2 to the first sub-capacitor line 20. The higher volt-
age (V1-V3) can be applied to the first sub-capacitor line 20
as compared to when the second voltage V2 is applied to the
first sub-capacitor line 20 from the third voltage V3. In the
latter example, the voltage (V2-V3) is applied to the first
sub-capacitor line 20.

[0084] The driving circuit 32 applies the fourth voltage V4
lower than the third voltage V3 to the second sub-capacitor
line 22. The higher voltage (V4-V2) can be applied to the
second sub-capacitor line 22 as compared to when the third
voltage V3 is applied to the second sub-capacitor line 22 from
the second voltage V2. In the latter example, the voltage
(V3-V2) is applied to the second sub-capacitor line 22.
[0085] When the electric potential of the first group pixel
12A transitions from (+) to (=) and simultaneously the elec-
tric potential of the second group pixel 12B is changed from
(=) to (+), and when the second voltage V2 is being supplied
to the first sub-capacitor line 20 and simultaneously the third
voltage V3 is being supplied to the second sub-capacitor line
22, the driving circuit 32 applies the driving voltage (the gate
driving signal) to the gate line 16, and turns on the gate 18 of
the TFT 14 in a corresponding pixel 12, which turns on the
TFT 14. Then, the overdrive period is entered.

[0086] After applying the second voltage V2, the driving
circuit 32 applies the fourth voltage V4 lower than the third
voltage V3 to the first sub-capacitor line 20. Accordingly, the
higher voltage (V4-V2) can be applied to the first sub-capaci-
tor line 20 as compared to when the third voltage V3 is applied
to the first sub-capacitor line 20 from the second voltage V2.
In the latter example, the voltage (V3-V2) is applied to the
first sub-capacitor line 20.

[0087] After applying the third voltage V3, the driving cir-
cuit 32 applies the first voltage V1 higher than the second
voltage V2 to the second sub-capacitor line 22. Accordingly,
the higher voltage (V1-V3) can be applied to the second
sub-capacitor line 22 as compared to when the second voltage
V2 is applied to the second sub-capacitor line 22 from the
third voltage V3. In the latter example, the voltage (V2-V3) is
applied to the second sub-capacitor line 22.

[0088] According to at least one embodiment of the present
invention, the higher voltage is supplied to the sub-capacitors
24A and 24B when applying voltage to the liquid crystal
capacitor 15, so that the alignment of the liquid crystal mol-
ecules can be rapidly shifted into a desired erect state. In
addition, the voltage (pixel voltage) of the pixels 12 can be
maintained in a proper range for a long time.

[0089] A driving circuit 32 according to at least one
embodiment of the present invention repeatedly supplies the
first to fourth voltages to the first sub-capacitor line 20 and the
second sub-capacitor line 22 in the sequence of the third
voltage V3, the first voltage V1, the second voltage V2 and the
fourth voltage V4. However, as shown in FIG. 3B, the driving
circuit 32 can repeatedly supply the first to fourth voltages to
the first sub-capacitor line 20 and the second sub-capacitor
line 22 in the sequence of the third voltage V3, the fourth
voltage V4, the second voltage V2 and the first voltage V1.
When the driving circuit 32 repeatedly supplies the first to
fourth voltages to the first sub-capacitor line 20 and the sec-
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ond sub-capacitor line 22 in the sequence of the, third voltage
V3, the fourth voltage V4, the second voltage V2 and the first
voltage V1, when the fourth voltage V4 or the first voltage V1
is being supplied, the driving circuit 32 applies the gate driv-
ing signal (driving voltage) to the gate lines 16, thereby turn-
ing on the TFTs 14.

[0090] According to at least one embodiment of the present
invention, a plurality of pixels are aligned in a predetermined
direction and each pixel has a TFT. A driving signal is sup-
plied to the gate of each TFT in each pixel through the gate
lines. Sub-capacitor lines are aligned in parallel to the gate
lines. One of at least four voltage values is selected by the
driving circuit and the voltage having the selected voltage
value is supplied to the sub-capacitor lines. The voltage hav-
ing a voltage value selected by the driving circuit is supplied
to the sub-capacitor lines, so that the liquid crystal is capaci-
tively coupled to a sub-capacitor for operation. The voltage
having a voltage value that enables a desired erect state of the
liquid crystal is supplied to the sub-capacitor lines, so that the
alignment of the liquid crystal molecules can be rapidly
shifted into a desired erect state.

[0091] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it is to be understood that the present invention
is not limited to these exemplary embodiments, but various
changes and modifications can be made by one ordinary
skilled in the art within the spirit and scope of the present
invention.

What is claimed is:

1. A liquid crystal display comprising:

a plurality of pixels, wherein each pixel comprises a thin
film transistor (TFT) and is classified as one of a first
group pixel and a second group pixel;

a gate line supplying a driving signal to a gate of each TFT
of each pixel,

a liquid crystal capacitor arranged in each pixel and con-
nected to one terminal of the TFT in a corresponding
pixel;

a sub-capacitor line comprising a first sub-capacitor line
and a second sub-capacitor line aligned such that the
gate line is interposed between the first and second sub-
capacitor lines;

a first sub-capacitor arranged in the first group pixel and
connected between one terminal of the TFT in a corre-
sponding pixel and the first sub-capacitor line; and

a second sub-capacitor arranged in the second group pixel
and connected between one terminal of the TFT in a
corresponding pixel and the second sub-capacitor line,

wherein the first group pixel and second group pixel are
connected to different source lines.

2. The liquid crystal display of claim 1, wherein the first
sub-capacitor line and the second sub-capacitor line are dis-
posed between the first group pixel and the second group
pixel adjacent to the first group pixel in the source lines
extending direction.

3. The liquid crystal display of claim 1, wherein the first
sub-capacitor line and the second sub-capacitor line do not
overlap with portions of the pixels.

4. The liquid crystal display of claim 1, further comprising
aplurality of light blocking sections corresponding to bound-
aries adjacent to the pixels, wherein the first sub-capacitor
line and the second sub-capacitor line are totally covered with
the light blocking sections in a plan view.
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