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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

BACKGROUND

[0001] 1. Technical Field

[0002] The present disclosure generally relates to display
devices, and particularly to a liquid crystal display (LCD)
device and a driving method for the LCD device.

[0003] 2. Description of Related Art

[0004] Commonly used LCD devices have the advantages
of portability, low power consumption, and low radiation, and
are widely used in various electronic devices such as note-
books, personal digital assistants (PDAs), video cameras,
televisions, and others. However, many of these LCD devices
have certain shortcomings, such as a long response time
because liquid crystals in the LCD devices have a certain
viscosity, which results in blurring when the LCD devices
display moving images due to the slow response time.
[0005] Thus, a motion estimation/motion compensation
(ME/MC) technology for solving the blurring problem has
been proposed. That is, when an LCD device displays an
image, a data processing chip thereof receives any two con-
secutive frames of the image, estimates and compares the two
consecutive frames, and obtains new data in a range between
the data of the two consecutive frames according to data of the
two consecutive frames. The new data generates a new frame
with a new image. The data processing chip then outputs the
data of the former of the two consecutive frames, the data of
the new image, and the data of the latter of the two consecu-
tive frames, sequentially. Accordingly, when the LCD device
displays a moving image, blur is eliminated or lessened.
[0006] However, when the LCD device inserts the new
frame between the two consecutive frames, a frame frequency
of an image signal output by the LCD device accordingly
needs to be double that of an original image signal received by
the LCD device. In the same frame period, charge time of
pixels of the LCD device is halved, which lowers the contrast
ratio of the LCD device. Display of the LCD is, accordingly,
deteriorated.

[0007] What is needed, therefore, is an LCD device and a
driving method thereof which can overcome the described
limitations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The components in the drawings are not necessarily
drawn to scale, the emphasis instead being placed upon
clearly illustrating the principles of the present disclosure.
Moreover, in the drawings, like reference numerals designate
corresponding parts throughout the several views, and all the
views are schematic.

[0009] FIG. 1 is a schematic circuit block diagram of one
embodiment of an LCD device, the LCD device including a
boost circuit and a voltage modulating circuit.

[0010] FIG.21isaschematic circuit diagram of one embodi-
ment of the boost circuit and the voltage modulating circuit of
FIG. 1.

DETAILED DESCRIPTION

[0011] Reference will now be made to the drawings to
describe various embodiments in detail.

[0012] Referring to FIG. 1, a schematic circuit block dia-
gram of one embodiment of an LCD device 1 is shown. The
LCD device 1 includes a display control circuit 2 and a liquid
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crystal panel 4. The display control circuit 2 directs the liquid
crystal panel 4 to display images, and includes an image data
processing unit 10, a buffer 12, a timing controller 14, and a
driving circuit 16.

[0013] The image data processing unit 10 functions as a
ME/MC. The image data processing unit 10 receives data of
each frame of an external image signal and compares data of
an n+1 frame and data of an n frame, where n is a natural
number, the n frame denotes the previous frame of the exter-
nal image signal received by the image data processing unit
10, and the n+1 frame denotes a current frame of the external
image signal received by the image data processing unit 10. If
the data of the n+1 frame is the same as that of the n frame, the
image data processing unit 10 determines the image repre-
sented by the data of the n+1 frame is a still image, then
converts the data of the n+1 frame to obtain a converted
signal, and outputs the converted signal. If the data of the n+1
frame is different from that of the n frame, the image data
processing unit 10 determines the image represented by the
data of the n+1 frame is a moving image, then generates new
data, which can form a frame of a new image signal, by
calculating the data of the n frame and the data of n+1 frame,
where the frame of the new image signal can be defined as an
inserted frame, and the new image represented by data of the
inserted frame is a transitional frame from the n frame to the
n+l frame. The image data processing unit 10 converts the
data of the inserted frame to obtain a converted signal, and
outputs the converted signal between the n frame and the n+1
frame, namely, after the n frame and before the n+1 frame.
[0014] The buffer 12, such as a memory bufter, stores the
data of the n frame received by the image data processing unit
10, and outputs the data of the n frame and updates the storage
from the data of the n frame to that of the n+1 frame when the
image data processing unit 10 receives the data of the n+l
frame.

[0015] The timing controller 14 receives the converted sig-
nal output from the image data processing unit 10 corre-
sponding to each frame, detects a frame frequency of each
frame, and outputs a control signal according to the frame
frequency of each frame to the driving circuit 16. When the
data of the n+1 frame received by the image data processing
unit 10 is the same as that of the n frame, the frame frequency
of the n+1 frame is defined as a first frequency. When the data
of the n+1 frame is different from that of the n frame, the
frame frequencies of the inserted frame and the n+1 frame are
the same and defined as a second frequency. The second
frequency may be double the first frequency, and the first
frequency actually equalto the frame frequency of each frame
of the external image signal. When the first frequency is
detected, the timing controller 14 outputs a first control signal
to the driving circuit 16 corresponding to the first frequency,
and then the driving circuit 16 outputs a plurality of first gray
scale voltages to drive the liquid crystal panel 4 to display the
image represented by the data of the n+1 frame. When the
second frequency is detected, the timing controller 14 outputs
asecond control signal to the driving circuit 16 corresponding
to the second frequency, and the driving circuit 16 outputs a
plurality of second gray scale voltages to drive the liquid
crystal panel 4 to sequentially display the images represented
by the data of inserted frame and the n+1 frame.

[0016] The first and the second gray scale voltages are
polarity inversion signals relative to a reference voltage,
where the gray scale voltage more than the reference voltage
is defined as positive polarity gray scale voltage, and the gray
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scale voltage less than the reference voltage is defined as
negative polarity gray scale voltage. For the same gray scale,
an absolute value of the second gray scale voltage is prede-
termined to exceed that of the first gray scale voltage. For
example, if an image of the n+1 frame displays a gray scale of
128 having positive polarity, when the timing controller 14
detects that the frame frequency of the n+1 frame is the first
frequency, the driving circuit 16 outputs a first gray scale
voltage, the first gray scale voltage is a positive polarity gray
scale voltage, and may be +4V, and when the timing control-
ler 14 detects that the frame frequency of the n+1 frame is the
second frequency, the driving circuit 16 outputs a second gray
scale voltage, the second gray scale voltage is a positive
polarity gray scale voltage, and may be +4.3V. If an image of
the n+1 frame displays a gray scale of 128 having negative
polarity, when the timing controller 14 detects that the frame
frequency of the n+1 frame is the first frequency, the driving
circuit 16 outputs a first gray scale voltage, the first gray scale
voltage is a negative polarity gray scale voltage, and may be
about -4V, and when the timing controller 14 detects that the
frame frequency ofthe n+1 frame is the second frequency, the
driving circuit 16 outputs a second gray scale voltage, the
second gray scale voltage is a negative polarity gray scale
voltage, and may be about —-4.3V. That is, the absolute value
of the second gray scale voltage exceeds that of the first gray
scale voltage for the same gray scale.

[0017] Theimage data processing unit 10, the buffer 12, the
timing controller 14, and the driving circuit 16 are detailed as
follows, where it is to be understood, an exemplary and a
preferred embodiment. Even so, it will be apparent to those
skilled in the art that various modifications and variations can
be made without departing from the spirit or scope of the
disclosure.

[0018] Theimage data processing unit 10 includes a signal
receiver 110 and a processor 120. The signal receiver 110
receives the data of each frame of the external image signal.
When the signal receiver 110 receives the data of the n+1
frame, the processor 120 reads the data of the n frame from the
buffer 12, and the signal receiver 110 outputs the data of the
n+1 frame to the processor 120 and the buffer 12. The pro-
cessor 120 compares the data of the n frame and the data of the
n+1 frame. Ifthe data ofthe n frame and the n+1 frame are the
same, the processor 120 converts the data of the n+1 frame to
a low voltage differential signal (LVDS), and outputs the
LVDS ofthe n+1 frame to the timing controller 14. If the data
of the n frame and the n+1 frame are different, the processor
120 calculates according to the data of the n frame and the n+1
frame, and generates data of an inserted frame, converts the
data of the inserted frame to a corresponding LVDS, and
outputs the LVDS of the inserted frame to the timing control-
ler 14. The processor 120 converts the data of the n+1 frame
10 a corresponding LVDS, and outputs the LVDS of the n+1
frame to the timing controller 14.

[0019] The timing controller 14 includes a signal receiver
141, a detector 143, and a control circuit 145. The signal
receiver 141 receives the LVDSs output from the processor
120. The detector 143 detects the LVDSs, and obtains a frame
frequency of each frame. When the frame frequency of the
current frame detected is the first frequency, the detector 143
outputs the first control signal corresponding to the first fre-
quency to the control circuit 145. When the frame frequency
of the current frame detected is the second frequency, the
detector 143 outputs the second control signal corresponding
1o the second frequency to the control circuit 145. The control
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circuit 145 receives the first and/or second control signals and
the LVDSs output from the signal receiver 141, converts the
LVDSs to reduced swing differential signals (RSDSs), and
outputs the RSDSs with data control signals and gate control
signals to the driving circuit 16.

[0020] Thedrivingcircuit 16 includes a voltage modulating
circuit 161, a boost circuit 163, a gamma voltage generating
circuit 165, a data driver 151, and a gate driver 153. The
voltage modulating circuit 161, the boost circuit 163, the
gamma voltage generating circuit 165, and the data driver 151
are connected in serial. The voltage modulating circuit 161,
the data driver 151, and the gate driver 153 are connected to
the control circuit 145. The boost circuit 169 includes an input
terminal 169 to receive a direct current (DC) voltage of an
external power supply. The data driver 151 and the gate driver
153 are connected to the liquid crystal panel 4.

[0021] When the control circuit 145 receives the first con-
trol signal, the control circuit 145 outputs the first control
signal to control the voltage modulating circuit 161. Then the
boost circuit 163 generates and outputs a first voltage to the
gamma voltage generating circuit 165. The gamma voltage
generating circuit 165 divides the first voltage, and generates
and outputs a plurality of first gamma voltages to the data
driver 151.

[0022] When the control circuit 145 receives the second
control signal, the control circuit 145 outputs the second
control signal to control the voltage modulating circuit 161.
[0023] Then voltage modulating circuit 161 directs the
boost circuit 163 to generate and output a second voltage to
the gamma voltage generating circuit 165. The gamma volt-
age generating circuit 165 divides the second voltage, and
generates and outputs a plurality of second gamma voltages to
the data driver 151.

[0024] The gate driver 153 receives the gate control signals
from the control circuit 145 and outputs gate signals to the
liquid crystal panel 4 according to the gate control signals.
The data driver 151 receives the first and the second gamma
voltages, the RSDSs, and the data control signals, and outputs
data signals to the liquid crystal panel 4 according to the data
control signals. When the data driver 151 receives the first
gamma voltages, the data driver 151 generates a plurality of
first gray scale voltages, and outputs the first gray scale volt-
ages to the liquid crystal panel 4 corresponding to the gray
scales represented by the RSDSs. When the data driver 151
receives the second gamma voltages, the data driver 151
generates a plurality of second gray scale voltages, and out-
puts the second gray scale voltages to the liquid crystal panel
4 corresponding to the gray scales represented by the RSDSs.
[0025] The liquid crystal panel 4 is driven by the gate sig-
nals, the data signals and the gray scale voltages to display
images. For the same gray scale, the absolute value of the
second gray scale voltage is predetermined to exceed that of
the first gray scale voltage.

[0026] Referring to FIG. 2, a schematic circuit diagram of
the voltage modulating circuit 161 and the boost circuit 163 is
shown. The boost circuit 163 includes an inductor 171, a
pulse width modulation (PWM) controller 173, a transistor
175, a diode 177, a plurality of capacitors 179, a first resistor
181, a second resistor 183, and an output terminal 185. The
voltage modulating circuit 161 includes a transistor 191 and a
resistor 193. The transistors 175 and 191 may be N-channel
metal oxide semiconductor (NMOS) transistors.

[0027] One terminal of the inductor 171 is connected to the
input terminal 169, and the other terminal of the inductor 171
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is connected to an anode of the diode 177. A cathode of the
diode 177 is connected to the output terminal 185. The capaci-
tors 179 are connected in parallel between the output terminal
185 and ground. The first and the second resistors 181, 183
are connected in serial, one terminal of the first resistor 181 is
connected to the output terminal 185, and one terminal of the
second resistor 183 is grounded. A node 187 is defined at a
connection between the first and the second resistors 181,
183. The PWM controller 173 includes an input terminal 189
and an output terminal 190, and a reference voltage and a
predetermined value. The input terminal 189 is connected to
the node 187. The transistor 175 includes a gate electrode G,
a drain electrode D, and a source electrode S. The gate elec-
trode G is connected to the output terminal 190, the drain
electrode D 1s connected to the anode of the diode 177, and the
source electrode S is grounded.

[0028] The transistor 191 includes a gate electrode G, a
drain electrode D, and a source electrode S. The gate elec-
trode G of the transistor 191 is connected to the control circuit
145, the drain electrode D of the transistor 191 is connected to
the node 187 via the resistor 193, and the source electrode S
of the transistor 191 is grounded.

[0029] When the voltage modulating circuit 161 receives
the first control signal from the control circuit 145, the tran-
sistor 191 is switched on, a voltage on the node 187 is pulled
down such that a difference between the voltage on the node
187 and the reference voltage is less than the predetermined
value. Accordingly. the PWM controller 173 outputs a first
square-wave pulse signal to switch the transistor 175 on or
off. When the PWM controller 173 switches off the transistor
175 via the first square-wave pulse signal, and the diode 177
is cut off, the conductor 171 receives the DC voltage of the
external power supply via the input terminal 169 and charges.
When the PWM controller 173 switches on the transistor 175
via the square-wave pulse signal, and the diode 177 is con-
ducted, the conductor 171 discharges and the capacitors 179
charges, until an output voltage of the output terminal 185
equals the first voltage.

[0030] When the voltage modulating circuit 161 receives
the second control signal from the control circuit 145, the
transistor 191 is switched off. A voltage on the node 187 is
approximately equal to a divided voltage on the resistor 183,
and a difference between the voltage on the node 187 and the
reference voltage exceeds the predetermined value. Accord-
ingly, the PWM controller 173 outputs a second square-wave
pulse signal to the transistor 175 to switch the transistor 175
on or off. The duty ratio of the second square-wave pulse
signal exceeds that of the first square-wave pulse signal.
When the PWM controller 173 switches the transistor 175 off
via the second square-wave pulse signal, and the diode 177 is
cut off, the conductor 171 receives the DC voltage of the
external power supply via the input terminal 169 and charges.
Due to duty ratio of the second square-wave pulse signal
exceeding that of the first square-wave pulse signal, a period
when the transistor 175 is switched off is longer. Thus, a
charge time of the conductor 171 is longer and the energy
stored by the conductor 171 is accordingly higher. When the
PWM controller 173 switches on the transistor 175 via the
second square-wave pulse signal, and the diode 177 is con-
ducted, the conductor 171 discharges and the capacitor 179
charges, until an output voltage of the output terminal 185
equals the second voltage. Accordingly, the second voltage
exceeds the first voltage.
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[0031] For example, if the DC voltage provided by the
external power supply is 5V, the first voltage equals 12V and
the second voltage is 14V, a contrast ratio of an image dis-
played by the liquid crystal 4 under driven by the second gray
scale voltages corresponding to the second voltage can be
substantially the same as that under driven by the first gray
scale voltages corresponding to the first voltage.

[0032] The LCD device 1 detects the frame frequency of
each frame of an image, when the frame frequency is the first
frequency, the first gray scale voltages are provided to the
liquid crystal panel 4. When the frame frequency is the second
frequency, the second gray scale voltages are provided to the
liquid crystal panel 4. Thus, when the data of then+1 frame is
different from that of the n frame, an image of the inserted
frame and an image of the n+1 frame are displayed by driven
under the second gray scale voltages. Due to the second gray
scale voltage exceeding the first gray scale voltage for the
same gray scale, even though the second frequency exceeds
the first frequency and in a certain frame period a charge time
of pixels of the liquid crystal panel 4 is short, the pixels can be
charged enough to be driven by a larger second gray scale
voltages. Therefore, the contrast ratio and the display of the
LCD device 1 are improved.

[0033] Inother alternative embodiments, the buffer 12 can
be integrally formed in the image data processing unit 10. The
transistor 175 can be integrally formed in the PWM controller
163. The timing controller 14 can convert the LVDSs to mini
LVDSs. When the data of the n+1 frame is different from that
of the n frame, the image data processing unit 10 can generate
more than one inserted frame of images between the n frame
and the n+1 frame of images, and accordingly the frame
frequency of the inserted frames can be three times more than
the frame frequency of the external image signal received by
the image data processing unit 10.

[0034] Itisbelieved that the present embodiments and their
advantages will be understood from the foregoing descrip-
tion, and it will be apparent that various changes may be made
thereto without departing from the spirit and scope of the
embodiments or sacrificing all of their material advantages.

What is claimed is:

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

a display control circuit to receive data of each frame of an
external image signal; and

a liquid crystal panel;

wherein when the data of an n+1 frame currently received
by the display control circuit is the same as that of an n
frame previously received by the display control circuit,
where n is a natural number, the display control circuit
outputs a plurality of first gray scale voltages corre-
sponding to the data of the n+1 frame to drive the liquid
crystal panel, and when the data of the n+1 frame is
different from that of the n frame, the display control
circuit generates data of at least one inserted frame of an
image signal between the data ofthe n frame and the n+1
frame, and outputs a plurality of second gray scale volt-
ages respectively corresponding to the data of the at least
one inserted frame and the n+1 frame to drive the liquid
crystal panel to display first an image of the least one
inserted frame and then an image of the n+1 frame,
wherein an absolute value of a second gray scale voltage
exceeds that of a first gray scale voltage for a same gray
scale.

2. The LCD device of claim 1, wherein when the data of the

n+1 frame is the same as that of the n frame, a frame frequency
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of the n+1 frame equals that of the external image signal,
when the data of the n+1 frame is different from that of the n
frame, a frame frequency of the at least one inserted frame
equals that of the successive n+1 frame, and exceeds that of
the external image signal.

3. The LCD device of claim 2, wherein the display control
circuit comprises an image data processing unit, the image
data processing unit comparing the data of the n frame and the
n+1 frame, and if the data of the n+1 frame is the same as that
of the n frame, converting the data of the n+1 frame to a
converted signal and outputting the converted signal, and if
the data of the n+1 frame is different from that of the n frame,
generating the data of the at least one inserted frame by
calculating the data of the n frame and the n+1 frame, con-
verting the data of the at least one inserted frame and the n+1
frame to a converted signal, and outputting the converted
signal.

4. The LCD device of claim 3, wherein the display control
circuit further comprises a buffer to store the data of the n
frame before comparison with the data of the n+1 frame.

5. The LCD device of claim 3, wherein the display control
circuit further comprises a timing controller, the timing con-
troller receiving the converted signal, detecting the frame
frequency of each frame corresponding to the converted sig-
nal, and outputting a control signal according to the frame
frequency.

6. The LCD device of claim 5, wherein when the data of the
n+1 frame is the same as that of the n frame, the frame
frequency of the n+1 frame detected by the timing controller
is defined as a first frequency, when the data of the n+1 frame
1s different from that of the n frame, the frame frequency of
the at least one inserted frame and the n+1 frame detected by
the timing controller is defined as a second frequency, when
the timing controller detects the first frequency, the timing
controller outputs a first control signal, and when the timing
controller detects the second frequency, the timing controller
outputs a second control signal.

7. The LCD device of claim 6, wherein the display control
circuit further comprises a driving circuit, the driving circuit
generating the plurality of first gray scale voltages according
to the first control signal, and generating the plurality of
second gray scale voltages according to the second control
signal.

8. The LCD device of claim 7, wherein the driving circuit
comprises a voltage modulating circuit and a boost circuit
connected to the voltage modulating circuit, the boost circuit
receiving a voltage provided by an external power supply,
when the voltage modulating circuit receives the first control
signal, the boost circuit processing the voltage and outputting
a first voltage according to the first control signal, and when
the voltage modulating circuit receives the second control
signal, the boost circuit processing the voltage and outputting
a second voltage according to the second control signal.

9. The LCD device of claim 8, wherein the boost circuit
comprises an input terminal, a pulse width modulation con-
troller, a first transistor, an inductor, a diode, a plurality of
capacitors, a first resistor, a second resistor, and an output
terminal, one terminal of the inductor connected to the input
terminal, the other terminal of the inductor connected 1o an
anode of the diode, a cathode of the diode connected to the
output terminal, the plurality of capacitors parallel connected
between the output terminal and ground, the first and the
second resistors connected between the output terminal and
the ground in serial, wherein a node is defined at a connection
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between the first and the second resistors, the pulse width
modulation controller comprising an input and an output, the
input connected to the node, and the output connected to a
control terminal of the first transistor, and two other terminals
of the first transistor respectively connected to the anode of
the diode and the ground.

10. The LCD device of claim 9, wherein the voltage modu-
lating circuit comprises a second transistor and a third resis-
tor, one terminal of the third resistor connected to the node,
the other terminal of the third resistor grounded via the second
transistor, and a control terminal of the second transistor
receiving the first or second control signal from the timing
controller.

11. The LCD device of claim 10, wherein a reference
voltage and a predetermined value are disposed in the pulse
width modulation controller, and when the voltage modulat-
ing circuit receives the first control signal to switch on the
second transistor, a voltage on the node is pulled down, a
difference between the voltage on the node and the reference
voltage is less than the predetermined value, the pulse width
modulation controller outputs a first square-wave pulse signal
to control the first transistor, and the output terminal outputs
the first voltage.

12. The LCD device of claim 11, wherein when the voltage
modulating circuit receives the second control signal to
switch off the second transistor, a difference between the
voltage on the node and the reference voltage exceeds the
predetermined value, the pulse width modulation controller
outputs a second square-wave pulse signal to control the first
transistor, and the output terminal outputs the second voltage,
aduty ratio of the second square-wave pulse signal exceeding
that of the first square-wave pulse signal.

13. The LCD device of claim 8, wherein the driving circuit
further comprises a gamma voltage generating circuit and a
data driver, the gamma voltage generating circuit receiving
the first voltage to generate a first gamma voltage, the data
driver receiving the first gamma voltage to generate the plu-
rality of the first gray scale voltage, and the gamma voltage
generating circuit receiving the second voltage to generate a
second gamma voltage, the data driver receiving the second
gamma voltage to generate the plurality of the second gray
scale voltage.

14. A method for driving a liquid crystal display (LCD)
device, the LCD device comprising a display control circuit to
receive and process data of each frame of an external image
signal and aliquid crystal panel to display images, the method
comprising;

receiving the data of each frame of an external image

signal;

comparing the data of an n+1 frame currently received by

the display control circuit with that of an n frame previ-
ously received by the display control circuit, where n is
a natural number;

generating a plurality of first gray scale voltages corre-
sponding to the data of the n+1 frame to drive the liquid
crystal panel when the data of the n+1 frame is the same
as that of the n frame; and

generating data of at least one inserted frame of an image
signal between the data of the n frame and the n+1 frame
when the data of the n+1 frame is different from that of
the n frame, and outputting a plurality of second gray
scale voltages respectively corresponding to the data of
the at least one inserted frame and the n+1 frame to drive
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the liquid crystal panel to display first an image of the
least one inserted frame and then an image of the n+1
frame;

wherein an absolute value of a second gray scale voltage

exceeds that of a first gray scale voltage for a same gray
scale.

15. The method of claim 14, further comprising storing the
dataofthe n frame in a buffer before comparing the data of the
n+1 frame with that of an n frame.

16. The method of claim 14, wherein when the data of the
n+1 frame is the same as thatof the n frame, a frame frequency
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of the n+1 frame equals that of the external image signal and
is defined as a first frequency, when the data of the n+1 frame
is different from that of the n frame, a frame frequency of the
at least one inserted frame equals that of the successive n+1
frame and is defined as a second frequency, and the second
frequency exceeds the first frequency.

17. The method of claim 16, further comprising detecting
the frame frequency of each frame after comparing the data of
the n+1 frame with that of an n frame.
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