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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

FIELD OF THE INVENTION

The present invention relates to liquid crystal displays
(LCDs) and particularly relates to a liquid crystal display that
can eliminate flicker effect when switched on and can elimi-
nate residual image effect when switched off, and a driving
method of the liquid crystal display.

GENERAL BACKGROUND

A liquid crystal display has the advantages of portability,
low power consumption, and low radiation, and has been
widely used in various portable information products such as
notebooks, personal digital assistants (PDAs), video cameras
and the likes. The liquid crystal display generally includes a
liquid crystal panel and a backlight module opposite to the
liquid crystal panel. The liquid crystal panel includes a plu-
rality of pixel units for displaying images.

Referring to FIG. 5, this is a circuit diagram of a pixel unit
5 of a typical liquid crystal display (not labeled). The pixel
unit 5 includes a gate line 51, a data line 52, a thin film
transistor 53, a pixel electrode 54, acommon electrode 55 and
a liquid crystal layer (not shown) sandwiched between the
pixel electrode 54 and the common electrode 55. The thin film
transistor 53 includes a gate electrode 531 coupled to the gate
line 51, a source electrode 532 coupled to the data line 52, and
a drain electrode 533 coupled to the pixel electrode 54. The
pixel electrode 54, the common electrode 55 and the liquid
crystal layer cooperatively form a liquid crystal capacitor 50.

Typically, the common electrode 55 is applied with a pre-
determined common voltage V___, and the pixel electrode 54
is applied with a gray-scale voltage V ;. The common voltage
V .om 0f the common electrode 55 and the gray-scale voltage
V, of the pixel electrode 54 generate an electric field. The
strength of the electrical field controls an amount of light
beams transmitting through the liquid crystal capacitor 50.
Thus, the pixel unit 5 displays an image with a desire gray-
scale level. Generally, the gray-scale voltage of the pixel
electrode 54 is switched from a positive value to a negative
value with respect to the common voltage V. of the com-
mon electrode 55, in order to avoid deterioration of the liquid
crystal layer.

Referring to FIG. 6, a sequence waveform diagram of the
gray-scale voltage and the common voltage is shown. When
the pixel unit 5 is switched on, the gray-scale voltage V , is
generated earlier than the common voltage V_,,,,. When the
gray-scale voltage V ;is applied to the pixel electrode 54, the
common voltage V., is still rising and does not reach a
predetermined value. Thus, a voltage difference between the
common electrode 55 and the pixel electrode 54 varies during
a preliminary period after the pixel unit 5 is switched on.
Thus, the amount of transmission light beams varies during
this period. Therefore, the viewer can feel flickering.

Furthermore, when the liquid crystal display is powered
off, the pixel unit 5 is switched off, and the common voltage
V om slowly drops to OV. Thus, the voltage difference still
exists between the common electrode 55 and the pixel elec-
trode 54, and the electric field still exists for allowing the
amount of transmission of light beams. Therefore, a residual
image is induced.

What is needed, therefore, is a liquid crystal display which
can overcome the above-described deficiencies. What is also
needed, is a driving method of such liquid crystal display.

10

15

20

25

30

35

40

45

50

55

60

2
SUMMARY

An exemplary liquid crystal display includes a liquid crys-
tal panel including a number of thin film transistors, a timing
control circuit, a common voltage generating circuit and a
gamma circuit. The timing control circuit is configured for
generating a number of timing signals. The common voltage
generating circuit is configured for generating a common
voltage. The gamma circuit is configured for generating a
plurality of gray-scale voltages. When the liquid crystal panel
is powered on, the common voltage is applied to the liquid
crystal panel and comes to a predetermined value before the
gray-scale voltages are applied to the liquid crystal panel and
reaches predetermined values. And when liquid crystal panel
is powered off, the common voltage and the gray-scale volt-
ages drops to 0V simultaneously by control of the common
voltage generating circuit and the gamma circuit with the thin
film transistors switched on.

Novel features and advantages of the liquid crystal display
will become more apparent from the following detailed
description when taken in conjunction with the accompany-
ing drawings. In the drawings, all the views are schematic.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is essentially an abbreviated circuit diagram of a
liquid crystal display according to a preferred embodiment of
the present invention, the liquid crystal display including a
plurality of pixel units, each pixel unit including a thin film
transistor.

FIG. 2 is an abbreviated waveform diagram of driving
signals of the liquid crystal display of FIG. 1.

FIG. 3 is a sequence waveform diagram of a common
voltage, a gray-scale voltage, a control signal, a switch-on
voltage of the thin film transistor, and a switch-off voltage of
the thin film transistor of one of the pixel units of FIG. 1.

FIG. 4 is an equivalent circuit diagram of one pixel unit of
FIG. 1.

FIG. 5 is an equivalent circuit diagram of a pixel unit of a
conventional liquid crystal display.

FIG. 6 is a sequence waveform diagram of a common
voltage and a gray-scale voltage of the pixel unit of FIG. 5.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Reference will now be made to the drawings to describe
preferred and exemplary embodiments of the present inven-
tion in detail.

Referring to FIG. 1, a liquid crystal display 1 according to
a preferred embodiment of the present invention is shown.
The liquid crystal display 1 includes a power source 11, a
liquid crystal panel 12, a gamma circuit 13, a common voltage
generating circuit 14, a controller 15, a timing control circuit
16, a data driving circuit 17, a gate driving circuit 18 and a
power convertor 19.

The liquid crystal panel 12 includes a plurality of gate lines
121 that are parallel to each other and that extend along a first
direction, a plurality of data lines 122 that are parallel to each
other and that extend along a second direction orthogonal to
the first direction, a plurality of thin film transistors 123 that
are provided in the vicinity of points of intersections of the
gate lines 121 and the datalines 122 and function as switching
elements, a plurality of pixel electrodes 124, a common elec-
trode 125 opposite to the pixel electrodes 124, and a liquid
crystal layer (not shown) sandwiched between the pixel elec-
trodes 124 and the common electrode 125. Each thin film
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transistor 123 includes a gate electrode 1231 coupled to one
corresponding gate line 121, a source electrode 1232 coupled
to one corresponding data line 122, and adrain electrode 1233
coupled to one corresponding pixel electrode 124. A smallest
area formed by every adjacent two data lines 122 and every
adjacent two gate lines 121 is defined as a pixel unit (not
labeled).

The power convertor 19 includes an input terminal (not
labeled) coupled to the power source 11, a first output termi-
nal (not labeled) coupled to the timing control circuit 16, a
second output terminal (not labeled) coupled to the common
voltage generating circuit 14, a third output terminal (not
labeled) coupled to the gamma circuit 13, a fourth output
terminal (not labeled) coupled to the controller 15, a fifth
output terminal (not labeled) coupled to the gate driving
circuit 18, and a sixth output terminal (not labeled) coupled to
the gate driving circuit 18.

The power convertor 19 is configured for generating work-
ing voltages for the timing control circuit 16, the common
voltage generating circuit 14, the gamma circuit 13, and the
controller 15, and generating a switch-on voltage V., and a
switch-off voltage V5, of the thin film transistors 123 for the
gate driving circuit 18. The switch-on voltage V 5, is a high
level voltage, and the switch-off voltage Vs, is a low level
voltage.

The timing control circuit 16 includes an input terminal
(not labeled) coupled to the power convertor 19 for receiving
a working voltage, a first control terminal (not labeled)
coupled to the common voltage generating circuit 14, a sec-
ond control terminal (not labeled) coupled to the gamma
circuit 13, a third control terminal (not labeled) coupled to the
controller 15, and a fourth control terminal (not labeled)
coupled to the gate driving circuit 18. The timing control
circuit 16 is configured for generating a common voltage
timing control signal for the common voltage generating
circuit 14, generating a gray-scale voltage timing control
signal for the gamma circuit 13, and generating a plurality of
other timing control signals for the controller 15 and the gate
driving circuit 18.

The common voltage generating circuit 14 includes a first
input terminal (not labeled) coupled to the power convertor 19
for receiving a working voltage, a second input terminal (not
labeled) coupled to the timing control circuit 16, and an
output terminal (not labeled) coupled to the common elec-
trode 125. The common voltage generating circuit 14 is con-
figured for generating a common voltage V., and providing
the common voltage V__ to the common electrode 125
according to the common voltage timing control signal of the
timing control circuit 16.

The gamma circuit 13 includes a third input terminal (not
labeled) coupled to the power convertor 19 for receiving a
working voltage, a fourth input terminal (not labeled) coupled
to the timing control circuit 16, and an output terminal
coupled to the data driving circuit 17. The gamma circuit 13
is configured for generating a gray-scale voltage V,, and
providing the gray-scale voltages to the data driving circuit 17
according the gray-scale voltage timing control signal of the
timing control circuit 16.

The controller 15 includes a fifth input terminal (not
labeled) coupled to the power convertor 19 for receiving a
working voltage, a sixth input terminal (not labeled) coupled
to the timing control circuit 16, and an output terminal (not
labeled) coupled to the gate driving circuit 18. The controller
15 is configured for generating a control signal X, for the
gate driving circuit 18 according to a timing control signal of
the time control circuit 16. The control signal X, can be a
high level voltage or a low level voltage.
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The gate driving circuit 18 includes a seventh input termi-
nal (not labeled) coupled to the timing control circuit 16, an
eighth input terminal (not labeled) coupled to the controller
15, a ninth input terminal (not labeled) coupled to the power
convertor 19 to receive the switch-on voltage V 5, a tenth
input terminal (not labeled) coupled to the power convertor 19
to receive the switch-off voltage V 5;, and a plurality of output
terminals (not labeled) respectively coupled to the gate lines
121. The gate driving circuit 18 is configured for generating a
plurality of scanning signals for the gate lines 121 according
to a timing control signal of the timing control circuit 16.

The data driving circuit 17 includes an input terminal (not
labeled) coupled to the gamma circuit 13, and a plurality of
output terminals (not labeled) respectively coupled to the data
lines 122. The data driving circuit 17 is configured for apply-
ing the gray-scale voltages to the data lines 122, respectively.

Referring to FIG. 2, “CLK ” represents a waveform of
timing signal. “X,”" represents a waveform of the control
signal. “G,-G,,” represents waveforms of the scanning signals
applied to the gate lines 121. When the control signal X /s
a high level voltage, the gate driving circuit 18 sequentially
applies the switch-on voltage V ;;, to the gate lines 121. When
one gate line 121 is applied with the switch-on voltage V 5,
the thin film transistors 123 connected to the gate line 121 are
switched on. And other gate lines 121 are applied with the
switch-off voltage V 5;, and the thin film transistors 123 con-
nected thereto are switched off.

When the control signal X ,,is a low level voltage, the gate
driving circuit 18 applies the switch-on V 4, voltage to all the
gate lines 121 simultaneously, and all the thin film transistors
123 are switched on.

When the thin film transistors 123 are switched on, the
gray-scale voltages generated by the gamma circuit 13 are
applied to the pixel electrodes 124 via the data driving circuit
17, the data lines 122, and the thin film transistors 123. The
common electrode 125 is applied with the common voltage
V .om- Thus, electric fields are generated between the common
electrode 125 and the pixel electrodes 124, and the strength of
the electric fields controls amounts of transmission light
beams of the pixel units. The electric fields keep during a
frame period.

Referring to FIG. 3, “V ” represents the gray-scale voltage,
“Vom represents the common voltage, “X 5 represents the
control signal, “V 5, represents the switch-on voltage of the
thin film transistors 123, and “V ;; ” represents the switch-off
voltage of the thin film transistors 123. A driving method of
the liquid crystal display 1 is as follows.

Atatimetl, the liquid crystal display 1 is powered on. That
is, the power source 11 is switched on.

At a time t2, the common voltage generating circuit 14
generates a common voltage V. according to the common
voltage timing control signal of the timing control circuit 16,
and outputs the common voltage V. to the common elec-
trode 125.

At a time t3, the gamma circuit 13 generates a gray-scale
voltage V ;according to the gray-scale voltage timing control
signal of the timing control circuit 16, and outputs the gray-
scale voltage V , to the pixel electrode 124.

During a “T” period from (2 to t3, the common voltage
V.. 1s setata predetermined value. The “T” period generally
lasts about 10 ms to 30 ms. Inthe “T” period, the controller 15
generates the control signal X ,,,according to a timing control
signal of the timing control circuit 16, and outputs the control
signal X, to the gate driving circuit 18. And the power
convertor 19 generates the switch-on voltage V ;; and the
switch-off voltage V5, for the gate driving circuit 18.
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After the time t3, the liquid crystal display 1 starts to work
normally. The gate driving circuit 18 sequentially applies the
switch-on voltage V 5, to the gate lines 121, thus the thin film
transistors 123 connected thereto are switched on. Then the
gray-scale voltage V; generated by the gamma circuit 13 is
applied to the pixel electrodes 124 via the data driving circuit
17, the data lines 122 and the switched on thin film transistors
123. The common electrode 125 is applied with the common
voltage V__ . Thus, an electric field generates between the
common electrode 125 and the pixel electrodes 124, and the
strength of the electric fields controls amounts of transmis-
sion light beams of the pixel units. In the next frame periods,
the steps are repeated.

At a time t4, the liquid crystal displayer 1 is powered off.
That is, the power 11 is switched off, and a switch-off process
is executed.

At a time t5, the common voltage V__,, and the gray-scale
voltage V ,simultaneously drop to OV. The control signal X
also drops to a low level voltage. The gate driving circuit 18
simultaneously applies the switch-on voltage V ;. to all the
gate lines 121, thus all the thin film transistors 123 are
switched on. The voltages of the pixel electrodes 124 also
drop to OV with the dropping of the gray-scale voltages V.
Therefore, voltages of the pixel electrodes 124 and the com-
mon electrode 125 all drop to OV. Referring also to FIG. 4,
charges stored between the common electrode 125 and one
pixel electrode 124 are released via the thin film transistor
123, and no residual images are displayed.

Unlike conventional liquid crystal displays, when the lig-
uid crystal display 1 is powered on, the common voltage V__,
is generated by the common voltage generating circuit 14
before the gray-scale voltage V, is generated. And the com-
mon voltageV__ is applied to the common electrode 125 and
reaches to a predetermined value before the gray-scale volt-
ages V are applied to the pixel electrodes 124. That is, volt-
age difference between the common electrode 125 and the
pixel electrodes 124 do not vary, thus no flicker is induced.
Furthermore, when the liquid crystal display 1 is powered off,
the common voltage V., of the common electrode 125 and
the gray-scale voltages V ; of the pixel electrodes 124 drop to
0V simultaneously, and all the thin film transistors 123 are
switched on. Therefore, charges stored between the common
electrode 125 and the pixel electrodes 14 are released via the
activated thin film transistors 123 quickly. Accordingly, no
residual images are induced.

Itis to be understood, however, that even though numerous
characteristics and advantages of preferred embodiments
have been set out in the foregoing description, together with
details of the structures and functions of the embodiments, the
disclosure is illustrative only; and that changes may be made
in detail, especially in matters of shape, size, and arrangement
of parts within the principles of the present invention to the
full extent indicated by the broad general meaning of the
terms in which the appended claims are expressed.

What is claimed is:

1. A liquid crystal display comprising:

a liquid crystal panel comprising a plurality of thin film

transistors;

a timing control circuit configured for generating a plural-
ity of timing signals;

a common voltage generating circuit configured for gen-
erating a common voltage according to the timing sig-
nals;

a gate driving circuit configured for receiving a switch-on
voltage and a switch-off voltage, and generating a plu-
rality of scanning signals based on the switch-on voltage
and the switch-off voltage; and
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a gamma circuit configured for generating a plurality of
gray-scale voltages according to the timing signals;

wherein during a time period after the liquid crystal display
is powered on and before the liquid crystal display works
normally, the common voltage is applied to the liquid
crystal panel and reaches a predetermined value before
the gray-scale voltages are applied to the liquid crystal
panel, the switch-on voltage and the switch-off voltage
both applied to the gate driving circuit in a time period
after the common voltage reaches the predetermined
value and before the gray-scale voltages are applied to
the liquid crystal panel, and maintaining both of the
switch-on and switch-off voltages to the gate driving
circuit during a time period that the gray-scale voltages
are applied to the liquid crystal panel, and the switch-off
voltage is provided to the gate driving circuit before the
switch-on voltage; and

when the liquid crystal display is powered off, the common

voltage and the gray-scale voltages drop to OV simulta-
neously by control of the common voltage generating
circuit and the gamma circuit with all the thin film tran-
sistors switched on.

2. The liquid crystal display as claimed in claim 1, further
comprising a power convertor configured for generating a
plurality of working voltages and outpuiting the working
voltages to the timing control circuit, the gamma circuit and
the common voltage generating circuit.

3. The liquid crystal display as claimed in claim 1, further
comprising a controller configured for generating a first con-
trol signal for enabling the gate driving circuit to sequentially
switch the thin film transistors on by outputting the scanning
signals to the thin film transistors.

4. A driving method of a liquid crystal display, the liquid
crystal display comprising a liquid crystal panel, a timing
control circuit, a gate driving circuit, a gamma circuit and a
common voltage generating circuit, the liquid crystal panel
comprising a plurality of thin film transistors, the method
comprising the following steps:

switching on the liquid crystal display;

generatinga common voltage through the common voltage

generating circuit, and outputting the common voltage
to the liquid crystal panel, wherein during a time period
after the liquid crystal display is switched on and before
the liquid crystal display works normally, the common
voltage reaches a predetermined value;

after the common voltage reaches the predetermined value,

generating a plurality of gray-scale voltages through the
gamma circuit, and outputting the gray-scale voltages to
the liquid crystal panel;

in a time period after the common voltage reaches the

predetermined value and before the gray-scale voltages
are applied to the liquid crystal panel, start providing a
switch-on voltage and a switch-off voltage to the gate
driving circuit; maintaining providing the switch-on and
switch-off voltages to the gate driving circuit during a
time period that the gray-scale voltages are applied to the
liquid crystal panel; and providing a plurality of scan-
ning signals to the liquid crystal display by the gate
driving circuit based on the switch-on voltage and the
switch-off voltage, wherein the switch-off voltage is
provided to the gate driving circuit before the switch-on
voltage;

switching off the liquid crystal display, and switching on

all the thin film transistors, and making the common
voltage and the gray-scale voltages all drop to OV sub-
stantially at the same time.



US 8,106,871 B2

7

5. The driving method as claimed in claim 4, wherein the
liquid crystal panel comprises a common electrode and a
plurality of pixel electrodes opposite to the common elec-
trode.

6. The driving method as claimed in claim 5, wherein the
common voltage is applied to the common electrode 10 ms to
30 ms before the gray-scale voltages are applied to the pixel
electrodes.

7. The driving method as claimed in claim 4, wherein the
timing control circuit generates a plurality of timing control
signals and outputting the timing control signals to common
voltage generating circuit and the gamma circuit.

8. The driving method as claimed in claim 7, wherein, in
the step of generating the common voltage, the timing control
circuit generates acommon voltage timing signal and outputs
the common voltage timing signal to the common voltage
generating circuit, and the common voltage generating circuit
generates the common voltage accordingly.

9. The driving method as claimed in claim 8, wherein, in
the step of making the common voltage and the gray-scale
voltages all drop to OV substantially at the same time, the
common voltage generating circuit makes the common volt-
age drop to OV according to the common voltage timing
signal.

10. The driving method as claimed in claim 7, wherein, in
the step of generating a plurality of gray-scale voltages
through the gamma circuit and outputting the gray-scale volt-
ages to the liquid crystal panel, the timing control circuit
generates a gray-scale voltage timing control signal, and out-
puts the gray-scale voltage timing control signal to the
gamma circuit.

11. The driving method as claimed in claim 10, wherein, in
the step of generating a plurality of gray-scale voltages
through the gamma circuit and outputting the gray-scale volt-
ages to the liquid crystal panel, the gamma circuit generates
the gray-scale voltage according to the gray-scale voltage
timing control signal.

12. The driving method as claimed in claim 10, wherein, in
the step of making the common voltage and the gray-scale
voltages all drop to 0V substantially at the same time, the
gamma circuit makes the gray-scale voltage drop to 0V
according to the gray-scale voltage timing control signal.

13. The driving method as claimed in claim 7, wherein the
liquid crystal display further comprises a controller, the liquid
crystal panel comprises a plurality of gate lines, and in the
time period after the common voltage reaches the predeter-
mined value and before the gray-scale voltages are outputted
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to the liquid crystal panel, the controller applies a first control
signal with a high level voltage to the gate driving circuit, so
as to control the gate driving circuit to sequentially switch the
thin film transistors on by sequentially outputting the switch-
on voltage to the gate lines.

14. The driving method as claimed in claim 13, wherein the
switch-on voltage is applied to the gate lines to switch on the
thin film transistors connected thereto.

15. The driving method as claimed in claim 14, wherein
when one gate line is applied with the switch-on voltage, the
thin film transistors connected with the gate line are switched
on.

16. The driving method as claimed in claim 13, wherein, in
the step of switching on all the thin film transistors, the
controller applies a second control signal with a low level
voltage to the gate driving circuit, so as to control the gate
driving circuit to switch all the thin film transistors on by
simultaneously outputting the switch-on voltage to all the
gate lines.

17. The liquid crystal display as claimed in claim 3,
wherein the first control signal is also provided to the gate
driving circuit in the time period after the common voltage
reaches the predetermined value and before the gray-scale
voltages are applied to the liquid crystal panel, and a time that
the first control signal is provided to the gate driving circuit is
previous to a time that the switch-off voltage is provided to
the gate driving circuit.

18. The liquid crystal display as claimed in claim 17,
wherein the control signal is also configured to provide a
second control signal for enabling the gate driving circuit to
simultaneously switch the thin film transistors on.

19. The liquid crystal display as claimed in claim 18,
wherein the second control signal is provided to the gate
driving circuit in a time instance when the common voltage
and the gray-scale voltages both drop to OV.

20. The liquid crystal display as claimed in claim 16,
wherein the first control signal is applied to the gate driving
circuit in the time period after the common voltage reaches
the predetermined value and before the gray-scale voltages
are applied to the liquid crystal panel, a time that the first
control signal is provided to the gate driving circuit is previ-
ous to a time that the switch-off voltage is provided to the gate
driving circuit, and the second control signal is provided to
the gate driving circuit in a time instance when the common
voltage and the gray-scale voltages both drop to OV.

* #* * #* #®
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