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(7) ABSTRACT

A display device having a data processing section includes a
memory, a first compensation section and a second compen-
sation section. The memory outputs first compensated data
based on first frame data. The first compensation section
generates second compensated data based on the first com-
pensated data and second frame data, while storing the second
compensated data in the memory after the memory outputs
the first compensated data. The second compensation section
generates third compensated data based on the second frame
data and the first compensated data. In the display device,
liquid crystals provide an improved response time. Also, a
reduced number of memory elements can be embedded in the
data processing section.

16 Claims, 4 Drawing Sheets
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DATA PROCESSING DEVICE, METHOD OF
DRIVING THE SAME AND DISPLAY DEVICE
HAVING THE SAME

This application claims priority to Korean Patent Applica-
tion No. 2006-15822, filed on Feb. 17, 2006, and all the
benefits accruing therefrom under 35 USC §119, the contents
of which in its entirety are herein incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display device. More
particularly, the present invention relates to a data processing
device capable of improving a response speed of liquid crys-
tal, a method of driving the data processing device, and a
display device having the data processing device.

2. Description of the Related Art

A liquid crystal display device generally includes two dis-
play substrates and a liquid crystal layer interposed between
the two display substrates. In such a liquid crystal display
device, an electric field is applied to the liquid crystal layer
and an intensity of the electric field is controlled so as to
adjust a transmittance of light passing through the liquid
crystal layer, thereby displaying desired images.

As liquid crystal display devices have been widely used for
display screens of televisions, as well as computers, realiza-
tion of moving picture or video images in the liquid crystal
display devices has been increasingly required. However,
because conventional liquid crystal display devices present a
low response speed, such video images may not be effectively
realized in current liquid crystal display devices.

More specifically, since liquid crystal molecules present a
low response speed, a certain period of time is necessary to
charge a liquid crystal capacitor with a target voltage (e.g., a
voltage at which a desired luminance can be obtained). Such
a time delay depends on a potential difference between the
target voltage and a previous voltage, which has already been
charged in the liquid crystal display device in a previous
frame.

However, if the potential difference between the target
voltage and the previous voltage is large enough, application
of the target voltage from a starting point may inhibit the
liquid crystal capacitor from ever reaching the target voltage
within a period of 1 H (e.g., within one frame period) during
which a switching element is maintained in a turn-on state.

BRIEF SUMMARY OF THE INVENTION

Therefore, the present invention provides a data processing
device, which can improve a response speed of liquid crystal
and reduce a number of memory elements.

The present invention also provides a method suitable for
driving the above data processing device.

In addition, the present invention provides a display device
having the above data processing device.

In an exemplary embodiment of the present invention, the
data processing device includes a memory, a first compensa-
tion section and a second compensation section. The memory
outputs first compensated data based on first frame data. The
first compensation section generates second compensated
data based on the first compensated data and second frame
data, while storing the second compensated data in the
memory after the memory outputs the first compensated data.
The second compensation section generates third compen-
sated data based on the second frame data and the first com-
pensated data.
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In another exemplary embodiment of the present invention,
amethod of driving the data processing device is provided as
follows. The data processing device reads out the first com-
pensated data based on the first frame data and receives the
second frame data. Next, the data processing device generates
the second compensated data based on the second frame data
and the first compensated data, and stores the second com-
pensated data. Then, the data processing device generates the
third compensated data based on the second frame data and
the first compensated data.

In still another exemplary of the present invention, the
display device includes a data processing section, a data driv-
ing section, a gate driving section and a display section. The
data processing section generates the second compensated
data based on the first compensated data obtained by com-
pensation of first frame data and on the second frame data.
Also, the data processing section generates the third compen-
sated data based on the second frame data and the first com-
pensated data. The data driving section outputs a data voltage
corresponding to the third compensated data in response to
data control signals. The gate driving section outputs a gate
voltage in response to gate control signals. The display sec-
tion displays images in response to the data voltage and the
gate voltage.

According to the above, the third compensated data is
generated based on the first compensated data obtained by
compensating the first frame data and the second frame data,
so that the response time of liquid crystals can be improved,
while reducing the number of memories.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and advantages of the
present invention will become readily apparent by reference
to the following detailed description when considered in con-
Junction with the accompanying drawings wherein:

FIG. 1 is a block diagram illustrating an exemplary
embodiment of a liquid crystal display device according to
the present invention;

FIG. 2 is a block diagram illustrating an exemplary
embodiment of a data processing section according to the
present invention;

FIG. 3 is a flow chart illustrating an operational procedure
of the data processing section shown in FIG. 2; and

FIG. 4 is a graph showing an input signal and a compen-
sated signal of the data processing section shown in FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the exemplary
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. However, the
present invention is not limited to the exemplary embodi-
ments illustrated hereinafter, and the exemplary embodi-
ments herein are rather introduced to provide easy and com-
plete understanding of the scope and spirit of the present
invention. Therefore, the present invention should not be
construed as being limited to the exemplary embodiments set
forth herein. Like reference numerals in the drawings denote
like elements.

The terminology used herein is for the purpose of describ-
ing particular exemplary embodiments only and is not
intended to be limiting of the present invention. As used
herein, the singular forms, “a”, “an” and “the” are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “includes” and/or “including”, when used in this speci-
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fication, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/
or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which the present invention belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

FIG. 1 is a block diagram illustrating a liquid crystal dis-
play device according to an exemplary embodiment of the
present invention.

Referring to FIG. 1, a liquid crystal display device 100
includes a display section 300 which displays images, a gate
driver 400 and a data driver 500 driving the display section
300, a gray-scale voltage generator 800 connected to the data
driver 500, and a timing controller 600 that controls the gate
driver 400 and the data driver 500.

The display section 300 includes a plurality gate lines
GL1~GLn receiving a gate voltage, and a plurality of data
lines DL1~DLm receiving a data voltage. A plurality of pixel
regions in a matrix configuration is defined in the display
section 300 by the gate lines GL1~GLn and data lines
DL1~DLm, in which each pixel region has a pixel 310. The
pixel 310 includes a thin film transistor 311, a liquid crystal
capacitor C, . and a storage capacitor Cgp.

As shown in FIG. 1, a gate electrode of the thin film
transistor 311 is connected to the first gate line GL1, a source
electrode of the thin film transistor 311 is connected to the
first data line DL1, and the liquid crystal capacitor C; - and
the storage capacitor Cg are connected in parallel to each
other to a drain electrode of the thin film transistor 311.

In the present exemplary embodiment, the display section
300 includes a lower display substrate, an upper display sub-
strate facing the lower display substrate, and a liquid crystal
layer interposed between the lower display substrate and the
upper display substrate.

The gate lines GL1~GLn, the data lines DL1~DLm, the
thin film transistor 311, and a pixel electrode, which is a first
electrode of the liquid crystal capacitor C; ., are formed on
the lower display substrate. Therefore, the thin film transistor
311 applies the data voltage to the pixel electrode in response
to the gate voltage.

Meanwhile, a common electrode, which is a second elec-
trode of the liquid crystal capacitor C, ., is formed on the
upper display substrate, and a common voltage is applied to
the common electrode. The liquid crystal layer interposed
between the pixel electrode and the common electrode serves
as a dielectric layer. Therefore, the liquid crystal capacitor
C, . 1s charged with a voltage corresponding to the potential
difference between the data voltage and the common voltage.

The gate driver 400 is electrically connected with the gate
lines GL1~GLn formed on the display section 300 and sup-
plies the gate voltage to the gate lines GL1~GLn. The data
driver 500 is electrically connected with the data lines
DL1~DLm formed on the display section 300, and selects a
gray scale voltage generated from the gray-scale voltage gen-
erator 800 and supplies the selected gray scale voltage to the
data lines DL1~DLm as the data voltage.

The timing controller 600 receives a first image signal R,
G, B and various 4control signals, such as a vertical synchro-
nous signal Vsync, a horizontal synchronous signal Hsync, a
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main clock signal MCLK and a dataenabling signal DE, from
an external graphic controller (not shown). The timing con-
troller 600 processes the first image signal R, G, B to output
a second image signal R', G', B, and outputs a gate control
signal CONT1 and a data control signal CONT?2 based on the
above control signals.

The gate control signal CONT1 is supplied to the gate
driver 400 in order to control the operation of the gate driver
400. The gate control signal CONT1 includes a vertical start
signal by which the gate driver 400 starts to operate, a gate
clock signal by which an output time of the gate voltage is
determined, and an output enable signal by which an on-pulse
width of the gate voltage is determined.

The gate driver 400 outputs the gate voltage including the
combination of a gate on voltage (Von) and a gate off voltage
(Voff) in response to the gate control signal CONT1 output
from the timing controller 600.

The data control signal CONT2 is supplied to the data
driver in order to control the operation of the data driver 500.
The data control signal CONT?2 includes a horizontal start
signal by which the data driver 500 starts to operate, an
inversion signal by which a polarity of the data voltage is
inverted, and an output indicating signal by which an output
time of the data voltage is determined.

The data driver 500 receives the second image signal R', G,
B' corresponding to a row of pixels, in response to the data
control signal CONT1 output from the timing controller 600.
Also, the data driver 500 selects the gray scale voltage corre-
sponding to the second image signal R', G', B' from among the
gray scale voltages generated from the gray-scale voltage
generator 800, and outputs the gray scale voltage after con-
verting the selected gray scale voltage into the data voltage.

The timing controller 600 further includes a data process-
ing section to improve the response time ofthe liquid crystals.
Hereinafter, the data processing section will be explained in
more detail with reference to FIGS. 2 to 4.

FIG. 2 is a block diagram illustrating the data processing
section according to an exemplary embodiment of the present
invention. FIG. 3 is a flow chart illustrating the operation
process of the data processing section as shown in FIG. 2

Referring to FIG. 2, the data processing section 100
includes a memory 110, a first compensation section 120 and
a second compensation section 130.

The first compensation section 120 reads out a compensa-
tion signal G'n-1 (hereinafter, referred to as a first compen-
sated signal) of a previous frame ((n-1)" frame), which is
obtained by compensating an image signal of the (n-1)"
frame (hereinafter, referred to as a first image signal), from
the memory 110. Herein, the first compensated signal G'n-1
is generated based on both the compensated signal of a frame
((n-2)" frame) before the previous frame and the image sig-
nal of the (n-1)" frame. Additionally, the first compensation
section 120 receives an image signal Gn (a second image
signal) of a present frame (n” frame). The first compensation
section 120 outputs the compensated signal G'n (hereinafter,
referred to as a second compensated signal) of the present
frame (n™) based on both the first compensated signal G'n—1
and the second image signal Gn. Then, the second compen-
sated signal G'n is fedback to the memory 110 and stored
therein. Therefore, compensated signals are continuously
stored in the memory 110 in one frame unit.

The second compensation section 130 outputs a third com-
pensated signal based on both the first compensated signal
G'n-1 and the second image signal Gn.

As shown in FIG. 3, the data processing section 100 (as
shown in FIG. 2) receives the second image signal Gn of the
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n frame from the exterior, and reads out the first compensated
signal of the (n-1)* frame, stored in the memory 110 (as
shown in FIG. 2) (S210).

The data processing section 100 compares a differential
value between the second image signal Gn and the first com-
pensated signal G'n-1 with a predetermined first reference
value V1 by using the first compensation section 120 (see
FIG. 2) (S220). If the differential value between the second
image signal Gn and the first compensated signal G'n-1 is
greater than the first reference value V1, a predetermined first
compensation factor (o) is added to the second image signal
Gn, thereby generating the second compensated signal G'n
(8221). Meanwhile, if the differential value between the sec-
ond image signal Gn and the first compensated signal G'n-1
is equal to or smaller than the first reference value V1, a
second compensated signal G'n identical to the second image
signal Gn is generated (S222).

Next, the second compensated signal G'n is stored in the
memory 110 (8230). The second compensated signal G'n is
read out by the first compensation section 120 for anext frame
(n+1)” frame).

Meanwhile, the data processing section 100 compares the
first compensated signal G'n-1 with a predetermined second
reference value V2 by using the second compensation section
120 (see FIG. 2) (S241), and then compares the second image
signal Gn with a predetermined third reference value V3
(S242) based on the comparison result. If the first compen-
sated signal G'n-1 is smaller than the second reference value
V2, and the second image signal Gn is greater than the third
reference value V3, a third compensated signal G"n-1, which
is greater than the first compensated signal G'n-1 by a second
compensation factor (B), is generated (S251). On the other
hand, if the first compensated signal G'n-1 is equal to or
greater than the second reference value V2, or the second
image signal Gn is equal to or smaller than the third reference
value V3, a third compensated signal G"n-1 identical to the
first compensated signal G'n-1 is generated (S252).

Then, the third compensated signal G"n-1 is output from
the data processing section 100 and supplied to the data
driving section 500 shown in FIG. 1 (S260).

In the present embodiment, the first image signal, the sec-
ond image signal Gn, the first to the third reference values V1
to V3 are digital signal.

FIG. 4 is a graph showing the input signal and calibrated
signal of the data processing section as shown in FIG. 2. In
FIG. 4, an x-axis represents a frame and a y-axis represents a
voltage (V). The first graph G1 (e.g., —A—)inFIG. 4 shows
the image signal input to the data processing section 100 (as
shown in FIG. 2), while the second graph G2 (e.g., ——) in
FIG. 4 shows the compensated signal obtained by compen-
sating the image signal in the data processing section 200.

As shown in the first graph G1 (e.g., —A—) in FIG. 4, the
input signal is maintainedat 1V during the (n-2)" and (n-1)"
frames, and is maintained at 5V during the n” to (n+3)”
frames. In the present exemplary embodiment, the voltage
(V) is expressed with an absolute value.

As shown in the second graph G2 (e.g., —*—), the first
compensation section 120 shownin FIG. 2 generates a second
compensated signal (6V) of the n? frame according to the
difference between the first compensated signal (which is 1V
on the assumption that the first compensated signal is the
same as the first input signal of the (n—1)* frame) of the
(n-1)" frame and the second input signal (5V) of the n*
frame. Since the difference (4V) between the first compen-
sated signal (1V) and the second input signal (5V) is greater
than a predetermined first reference value (e.g., 3.5V), the
first compensation section 120 generates the second compen-
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sated signal having a voltage of about 6V, which is greater
than the second input signal (5V) by a predetermined first
compensation value (1V).

Additionally, the second compensation section 130 shown
in FIG. 2 generates a third compensated signal (1.5V) of the
(n-1)" frame based on both the first compensated signal
(which is 1V on the assumption that the first compensated
signal is the same as the first input signal of the (n-1)” frame)
of the (n-1)" frame and the second input signal (5V) of the n”
frame. Since the first compensated signal (1V) is smaller than
a predetermined second reference value (1.5V) and the sec-
ond input signal (5V) is greater than a predetermined third
reference value (4.5V), the second compensation section 130
generates the third compensated signal having a voltage of
about 1.5V, which is greater than the first compensated signal
(1V) by a predetermined second compensation value (0.5V).

Afterthat, the third compensated signal (1.5V) is applied to
the pixels for the (n-1)” frame to pre-tilt the liquid crystal.
Then, for the n” frame, the second compensated signal (6V),
which is higher than the target voltage (5V), is applied so that
the liquid crystal capacitor C; . can rapidly reach the target
voltage (5V) for the n” frame, and thus the response speed of
the liquid crystal can be improved.

In addition, the data processing section 100 only needs a
frame memory that stores a compensated signal, i.e., com-
pensated data in each frame. Hence, the number of memories
associated with or mounted on the timing controller 600
shown in FIG. 1 can be reduced.

According to the data processing device, the method of
driving the data processing device and the display device
having the data processing device of the present invention, the
second compensated data is generated based on both the first
compensated data, which is obtained by compensating the
first frame data, and the second frame data, and then the
second compensated data is fedback to the memory and
stored therein. Therefore, the number of memories can be
reduced.

Additionally, the third compensated data is generated
based on the first compensated data and the second frame
data, and the third compensated data is used to pre-tilt the
liquid crystal for the first frame. Therefore, the response
speed of the liquid crystal can be improved.

Although the exemplary embodiments of the present
invention have been described, it is understood that the
present invention should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one of ordinary skill in the art within the spirit and
scope of the present invention as hereinafter claimed.

What is claimed is:

1. A data processing device comprising:

a memory outputting first compensated data based on first
frame data;

a first compensation section generating second compen-
sated data based on the first compensated data and sec-
ond frame data, while storing the second compensated
data in the memory after the first compensated data is
output from the memory, the second compensated data
being generated to be identical with the second frame
data when a difference between the first compensated
data and the second frame data is equal to or smaller than
apredetermined first reference value and generated to be
greater than the second frame data by a predetermined
first compensation value when the difference between
the first compensated data and the second frame data is
greater than the first reference value; and
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a second compensation section generating third compen-
sated data based on both the second frame data and the
first compensated data.
2. The data processing device of claim 1, wherein the first
frame data, the second frame data and the first reference value
are digital signal.
3. The data processing device of claim 1, wherein the
second compensation section generates the third compen-
sated data greater than the first compensated data by a prede-
termined compensation value, when the first compensated
data is smaller than a predetermined second reference value
and the second frame data is greater than a predetermined
third reference value, while generating the third compensated
data identical to the first compensated data, when the first
compensated data is equal to or greater than the second ref-
erence value, or the second frame data is equal to or smaller
than the third reference value.
4. The data processing device of claim 3, wherein the first
frame data, the second frame data, the second reference value
and the third reference value are digital signal.
5. The data processing device of claim 1, wherein the first
frame data and the second frame data are image data corre-
sponding to contiguous first and second frames, respectively.
6. The data processing device of claim 1, wherein the
memory includes a frame memory having a storage space
corresponding to one frame.
7. A method of driving a data processing device, the
method comprising:
reading out first compensated data obtained by compensat-
ing first frame data from a memory of the data process-
ing device, and receiving second frame data;
generating second compensated data based on the second
frame data and the first compensated data;
storing the second compensated data; and
generating third compensated data based on the second
frame data and the first compensated data, wherein
the generating of the second compensated data comprises:
comparing a difference between the first compensated
data and the second frame data with a predetermined
first reference value; and

generating the second compensated data identical to the
second frame data, when the difference between the
first compensated data and the second frame data is
equal to or smaller than a predetermined first refer-
ence value, while generating the second compensated
data greater than the second frame data by a predeter-
mined first compensation value, when the difference
between the first compensated data and the second
frame data is greater than the first reference value.

8. The method of claim 7, wherein the generating of the
third compensated data comprises:

comparing the first compensated data with a predetermined
second reference value and comparing the second frame
data with a predetermined third reference value; and

producing the third compensated data greater than the first
compensated data by a predetermined compensated
value, when the first compensated data is smaller than a
second reference value and the second frame data is
greater than a predetermined third reference value, while
producing the third compensated data identical to the
first compensated data, when the first compensated data
is equal to or greater than the second reference value, or
the second frame data is equal to or smaller than the third
reference value.

9. The method of claim 7, wherein the first frame data and

the second frame data are image data corresponding to con-
tiguous first and second frames, respectively.
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10. A display device comprising:

a data processing section which generates second compen-
sated data based on both first compensated data, which
are obtained by compensating first frame data, and sec-
ond frame data, and generates third compensated data
based on the second frame data and the first compen-
sated data;

a data driving section that outputs a data voltage corre-
sponding to the third compensated data in response to
data control signals;

a gate driving section that outputs a gate voltage in
response to gate control signals; and

a display section that displays images in response to the
data voltage and the gate voltage, wherein the data pro-
cessing section comprises:

a first compensation section that generates the second com-
pensated data based on the first compensated data and
second frame data, while storing the second compen-
sated data in the memory after the memory outputs the
first compensated data, and wherein

the first compensation section generates the second com-
pensated data identical to the second frame data, when a
difference between the first compensated data and the
second frame data is equal to or smaller than a predeter-
mined first reference value, while producing the second
compensated data greater than the second frame data by
a predetermined first compensation value, when the dif-
ference between the first compensated data and the sec-
ond frame data is greater than the first reference value.

11. The display device of claim 10, wherein the data pro-
cessing section includes:

a memory that outputs the first compensated data;

a first compensation section that generates the second com-
pensated data based on the first compensated data and
second frame data, while storing the second compen-
sated data in the memory after the memory outputs the
first compensated data; and

a second compensation section that generates third com-
pensated data based on both the second frame data and
the first compensated data.

12. The display device of claim 11, wherein the second
compensation section generates the third compensated data
greater than the first compensated data by a predetermined
compensation value, when the first compensation data is
smaller than a second reference value and the second frame
data is greater than a predetermined third reference value,
while producing the third compensated data identical to the
first compensated data, when the first compensated data is
equal to or greater than the second reference value, or the
second frame data is equal to or smaller than the third refer-
ence value.

13. The display device of claim 10, wherein the first frame
data and the second frame data are image data corresponding
to contiguous first and second frames, respectively.

14. The display device of claim 10, further comprising a
timing controller that supplies data control signals to the data
driving section in response to control signals from an exterior,
and supplies the gate control signals to the gate driving sec-
tion.

15. The display device of claim 14, wherein the data pro-
cessing section is accommodated in the timing controller.

16. The display device of claim 10, wherein the display
section includes a pixel that receives the data voltage and the
gate voltage, in which the pixel includes:

a thin film transistor that outputs the data voltage in

response to the gate voltage; and
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a liquid crystal capacitor charged with a voltage correspond-
ing to a potential difference between the data voltage and a
predetermined reference voltage.
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