US 20060050038A1

a2 Patent Application Publication (i) Pub. No.: US 2006/0050038 A1l

a9 United States

Cheon et al. (43) Pub. Date: Mar. 9, 2006
(54) DISPLAY DEVICE AND APPARATUS AND (532) US. Cl s 345/89
METHOD FOR DRIVING THE SAME
(75) Tnventors: Man-Bok Cheon, Yongin-si (KR); (57 ABSTRACT

Byung-Kil Jeon, Anyang-si (KR)

Correspondence Address:
MCGUIREWOODS, LLP
1750 TYSONS BLVD
SUITE 1800

MCLEAN, VA 22102 (US)

(73) Assignee: Samsung Electronics Co., Ltd.

(21) Appl. No.: 11/219,776

(22) Filed: Sep. 7, 2005
(30) Foreign Application Priority Data
Sep. 8, 2004 (KR) ccooecvevernccvericcccns 10-2004-71852

Publication Classification

A display device including a liquid crystal display unit and
a controller displays an image using a liquid crystal. The
controller extracts a compensation data from a gray com-
pensation look-up table (LUT) corresponding to a tempera-
ture interval including a peripheral temperature of the dis-
play device to output the compensation data to the liquid
crystal display unit as a compensated gray data. When the
gray compensation LUT does not exist, the controller
extracts the compensation data from the gray compensation
LUT corresponding to the temperature interval approximat-
ing the peripheral temperature to generate the compensated
gray data. The gray compensation LUT as a default and a
calculated gray compensation LUT may be used to provide
the compensated gray data optimized for the response speed
of the liquid crystal according to variance in temperature,

(51) Int. CL while reducing a memory capacity of a ROM and a RAM
G09G  3/36 (2006.01) inside the timing controller and an external EEPROM.
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DISPLAY DEVICE AND APPARATUS AND
METHOD FOR DRIVING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 2004-0071852, filed on
Sep. 8, 2004, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a display device
and an apparatus and a method for driving the display
device, and more particularly to a display device capable of
improving a response speed of a liquid crystal and an
apparatus and a method for driving the same.

[0004]

[0005] Generally, a liquid crystal display (LCD) device
poorly displays moving pictures because the response speed
of the liquid crystal is slower than a time period correspond-
ing to one frame (referred to as a one frame period), causing
a motion blur. The response speed of liquid crystal must be
improved to improve the display quality of moving pictures.

[0006] To improve a response speed of a liquid crystal of
the LCD device, a controller of the display device may
operate in an overdrive mode to provide drive current that is
either over-compensated or under-compensated (higher or
lower) to decrease the time needed to reach a desired
brightness. To perform the overdrive mode, a dynamic
capacitance compensation (referred to as “DCC”) is gener-
ally used to perform the overdrive mode.

[0007] When using the DCC, an overdrive value of a gray
data corresponding to a preceding frame may be determined
by comparing the gray data corresponding to the preceding
frame and a gray data corresponding to a current gray data.

1. Field of the Invention

2. Description of the Related Art

[0008] When using an overdrive circuit, a look-up table
(LUT) that stores measured overdrive values is typically
used since the overdrive value determined according to the
comparison between the current and previous gray data is
not linearly changed according to a gray level due to the
property of the liquid crystal. A compensation value (or
overdrive value) stored in the LUT is generally measured
when the vertical frequency is about 60 Hz and the tem-
perature is a normal temperature.

[0009] Variation in operational temperature and/or vertical
frequency may affect the overdrive value. Since switching
speed and dynamic capacitance change as a function of
temperature, a set of compensation values measured at a
certain temperature will vield different results at other
temperatures.

[0010] The compensation value is inversely proportional
to the temperature and directly proportional to the vertical
frequency. When the temperature increases, the desired
brightness may be achieved with a smaller compensation
value and when the vertical frequency increases, one frame
period is shortened so that the compensation value needs to
be increased to achieve the desired brightness.
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[0011] In order to maintain the response speed of the
liquid crystal regardless of the variance in the temperature,
a temperature inside of the timing controller may be detected
by a temperature sensor (exterior or interior to a display
panel) so that a LUT may be used that has the optimized
compensation value for the sensed temperature.

[0012] However, the chip size increases when the LUTs
for respective temperatures are all applied to a memory of
the timing controller. Further, heat is generated and a capac-
ity of an external EEPROM is increased.

SUMMARY OF THE INVENTION

[0013] Accordingly, the present invention is provided to
substantially obviate one or more problems due to limita-
tions and disadvantages of the related art.

[0014] The present invention provides a display device
capable of improving a response speed of a liquid crystal
considering an ambient temperature while reducing the
memory capacity. The present invention further provides a
method of driving the above display device. The present
invention still further provides an apparatus for driving the
above display device.

[0015] Additional features of the invention will be set
forth in the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the invention.

[0016] The present invention discloses a display device,
including a liquid crystal display unit; and a controller that
extracts a compensation data from a gray compensation
look-up table (LUT) corresponding to a temperature interval
that includes a peripheral temperature of the display device
and outputs the compensation data to the liquid crystal
display unit as a compensated gray data, wherein when the
gray compensation LUT corresponding to the temperature
interval including the peripheral temperature does not exist,
the controller extracts the compensation data from a gray
compensation LUT corresponding to a temperature interval
approximating the peripheral temperature of the display
device to generate the compensated gray data based on the
compensation data and a compensation proportion param-
eter to provide the compensated gray data to the liquid
crystal display unit.

[0017] The present invention also discloses a display
device, including a liquid crystal panel; a data driver pro-
viding a data signal to the liquid crystal panel; a memory
storing a compensation data corresponding to a peripheral
temperature; and a timing controller reading the compensa-
tion data from the memory based on a gray data of a current
frame and a gray data of a preceding frame, wherein the
timing controller provides the data driver with a compen-
sated gray data, the compensated gray data is the compen-
sation data extracted from a gray compensation look-up
table (LUT) corresponding to a temperature interval includ-
ing the peripheral temperature, and wherein when the gray
compensation LUT corresponding to the temperature inter-
val including the peripheral temperature does not exist, the
timing controller extracts the compensation data from the
gray compensation LUT corresponding to the temperature
interval approximating the peripheral temperature to gener-
ate the compensated gray data based on the compensation
data and a compensation proportion parameter to provide the
compensated gray data to the liquid crystal panel.
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[0018] The present invention also discloses a display
device having a liquid crystal panel for displaying an image,
including a data driver providing a data signal to the liquid
crystal panel; a memory storing a compensation data corre-
sponding to peripheral temperature; and a timing controller
reading out the compensation data from the memory based
on a gray data of a current frame and a gray data of a
preceding frame, wherein the timing controller provides the
data driver with the compensation data extracted from a gray
compensation look-up table (LUT) corresponding to a tem-
perature interval including the peripheral temperature as a
compensated gray data, and wherein when the gray com-
pensation LUT corresponding to the temperature interval
including the peripheral temperature does not exist, the
timing controller extracts the compensation data from the
gray compensation LUT corresponding to the temperature
interval approximating the peripheral temperature to gener-
ate the compensated gray data based on the compensation
data and a compensation proportion parameter to provide the
compensated gray data to the liquid crystal panel.

[0019] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0021] FIG. 1 is a block diagram illustrating a liquid
crystal display device according to an embodiment of the
invention.

[0022] FIG. 2 is a block diagram showing a timing
controller in FIG. 1 according to a first embodiment of the
invention.

[0023] FIG. 3 is a flowchart showing a method of driving
a liquid crystal display device according to the first embodi-
ment of the invention.

[0024] FIG. 4 is a block diagram showing a timing
controller in FIG. 1 according to a second embodiment of
the invention.

[0025] FIG. 5A shows a look-up table (LUT) used for
compensating a gray when a peripheral temperature is about
20° C.

[0026] FIG. 5B is an LUT for compensating a gray when
a peripheral temperature is about 30° C.

[0027] FIG. 5C is an LUT having a compensation pro-
portion parameter ¢ for temperature compensation corre-
sponding to a neighboring temperature interval.

[0028] FIG. 6A and FIG. 6B are a flowchart showing a
method of driving a liquid crystal display device according
to the second exemplary embodiment of the invention.

[0029] FIG. 7 is a block diagram illustrating a timing
controller in FIG. 1 according to a third embodiment of the
invention.
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[0030] FIG. 8 is a flowchart illustrating a method of
driving a liquid crystal display device according to the third
embodiment of the invention.

DESCRIPTION OF THE ILLUSTRATED
EMBODIMENTS

[0031] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention
may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure is thorough, and will fully convey the scope
of the invention to those skilled in the art. In the drawings,
the size and relative sizes of layers and regions may be
exaggerated for clarity.

[0032] It is understood that when an element or layer is
referred to as being “on” or “connected to” or “connected
with” another element or layer, it can be directly on or
directly connected to or with the other element or layer or
intervening elements or layers may be present.

[0033] Hereinafter, the present invention will be explained
in detail with reference to the accompanying drawings.

[0034] FIG. 1 is a block diagram illustrating a liquid
crystal display device according to an embodiment of the
invention.

[0035] Referring to FIG. 1, the liquid crystal display
device includes a temperature sensor 90, a timing controller
110, a first memory (EEPROM) 120, a second memory
(SDRAM), a data driver 140, a liquid crystal panel 150, a
gate driver 160, and a voltage generator 170. Although the
first memory 120 and the second memory 130 are shown as
being separated from the timing controller 110 in FIG. 1, the
first and second memories 120, 130 may not be physically
separated and instead may only be functionally separated
from the timing controller 110.

[0036] The timing controller 110 outputs a compensated
gray data Gn-1'of a preceding frame to increase the response
speed of the liquid crystal according to the temperature to
the data driver based on a source gray data Gn, synchroni-
zation signals HSYNC, VSYNC, a data enable signal DE,
and a main clock MCLK that are externally provided. The
timing controller 110 also provides the data driver 140 with
data driving signals LOAD and STH to output the compen-
sated gray data Gn-1' and provides the gate driver 160 with
gate driving signals GATE CLK and STV to output the
compensated gray data Gn-1'.

[0037] The timing controller 110 receives a compensation
data Gc for improving the response speed of the liquid
crystal via the first memory 120 and stores the compensation
data Ge in the LUT. The timing controller 110 may further
include a separate memory (not shown) to store the com-
pensation data Gc in the LUT:

[0038] The timing controller 110 receives a peripheral
temperature signal T measured by the temperature sensor 90
and the source gray data Gn from an external image source
and generates the compensated gray data Gn-1' of the
preceding frame based on the compensation data Gc in the
LUT, the gray data Gn of a current frame and a gray data
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Gn-1 of the preceding frame. The compensated gray data
Gn-1' of the preceding frame is output to the data driver 140
as a data signal.

[0039] The first memory 120 temporarily stores the com-
pensation data Ge and provides the stored compensation
data Ge to the timing controller 110 in response to a request
of the timing controller 110. When the temperature changes,
the first memory 120 temporarily stores the compensation
data Ge corresponding to the changed temperature. The first
memory 120 may be provided externally and provides the
stored compensation data Gc to the timing controller 110 in
response to a request of the timing controller 110.

[0040] The second memory 130 stores the source gray
data externally provided thereto. The second memory 130
may include two logical memory banks 132, 134. When a
source gray data corresponding to one half of the preceding
frame is written in the memory bank 132, the memory bank
134 reads out the source gray data corresponding to one half
of the source gray data, or vice versa. The memory banks
132 and 134 enable the written-in operation and the read-out
operation of the second memory 130 to be sequentially
performed.

[0041] The data driver 140 receives the compensated gray
data Gn-1' of the preceding frame from the timing controller
110 and converts the compensated gray data Gn-1' to a
corresponding gray voltage (or data voltage or data signal)
to transmit and apply the converted data signal D1, D2, . .
., Dm to the liquid crystal panel 150.

[0042] The liquid crystal panel 150 displays an image
through a liquid crystal layer that is positioned between an
array substrate and a color filter substrate corresponding to
the array substrate. The liquid crystal panel 150 includes a
plurality of gate lines (or scan line) for providing a gate
signal and a plurality of data lines (or source line) for
providing the converted data signal D1, D2, . .., Dm. A
pixel is formed in an area defined by the gate lines and the
data lines, respectively. The pixel includes a thin film
transistor (TFT) having gate and source electrodes that are
coupled with the gate line and the data line, respectively, a
liquid crystal capacitor Clc and a storage capacitor Cst each
having one end coupled with a drain electrode of the thin
film transistor, respectively.

[0043] The gate driver 160 activates the gate line based on
the gate driver signal GATE CLK and STV and provides the
gate signals S1, S2, S3, . . ., Sn to turn on the thin film
transistor.

[0044] The voltage generator 170 controls a power that is
applied to the liquid crystal display device. The liquid
crystal display device may be controlled using the voltage
generator 170 when the compensation data Gc adjusted
according to the temperature in the LUT is written or stored
to the first memory (EEPROM) 120, which prevents the
liquid crystal display device from malfunctioning.

[0045] Although the discussion herein mostly describes
that the digital liquid crystal display device receives digital
gray data from an external source, it is well known to those
skilled in the art that the present invention may also be
applied to other display devices, such as an analog liquid
crystal display device having an interface for converting an
analog gray data that is externally provided to a digital gray
data.
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[0046] In addition, the discussion herein mostly describes
that the liquid crystal display device receives the source gray
data from the image signal source and the compensation data
adjusted by the temperature for improving the response
speed of the liquid crystal. However, it is understood that the
liquid crystal display device may alternatively receive only
the source gray data from the image signal source and may
detect an interior temperature of the liquid crystal display
device to compensate the source gray data according to the
detected temperature.

[0047] In the above described liquid crystal display
device, the liquid crystal display device may include a
plurality of LUTs for storing the compensation data for
respective temperature intervals and one LUT is selected
that corresponds to a detected temperature to compensate for
the temperature so that the response speed of the liquid
crystal may be maintained.

[0048] FIG. 2 is a block diagram illustrating the timing
controller 110 in FIG. 1 according to a first embodiment of
the invention.

[0049] Referring to FIG. 1 and FIG. 2, the timing con-
troller 110 may include an extraction unit 210, a memory
220, a subtraction unit 230, a multiplier unit 240, and a
summation unit 250.

[0050] The extraction unit 210 receives a peripheral tem-
perature T, a current gray data Gn, and a preceding gray data
Gn-1, and extracts a LUT that compensates the gray accord-
ing to a temperature interval including the peripheral tem-
perature T from the memory 220 to output the compensated
gray data Gn-1' from the extracted LUT based on the current
gray data Gn and the preceding gray data Gn-1.

[0051] When the LUT that compensates the gray accord-
ing to the temperature interval corresponding to the periph-
eral temperature T does not exist in the memory 220, the
LUT that compensates the gray according to a temperature
that is approximating the same as peripheral temperature T
is extracted and the compensation data Ge is output from the
extracted LUT to the subtraction unit 230 based on the
current gray data Gn and the preceding gray data Go-1.

[0052] The memory 220 stores a plurality of LUTs that
compensate the gray defined by optimal compensation data
to improve the response speed of the liquid crystal according
to a peripheral temperature interval. The memory 220 may
be a ROM or an EEPROM. For example, when the periph-
eral temperature is between about 0 to about 40° C., the
compensation data optimized for the interval of the periph-
eral temperature is stored in the memory 220 and includes
optimized data for intervals of about 0 to 5° C., about 10 to
15° C., about 20 to 25° C., and about 30 to 35° C. The
compensation data for the interval of the peripheral tem-
peratures or about 5 to 10° C., about 15 to 20° C., about 25
to 30° C. and about 35 to 40° C. are calculated as will be
described later.

[0053] The subtraction unit 230 subtracts the compensa-
tion data Ge from the current gray data Gn and generates
difference data Gn-Gc relating to a difference between the
current gray data and the compensation data. The difference
data Gn-Gc may be a negative number, zero, or a positive
number.

[0054] The multiplier unit 240 multiplies the difference
data Gn-Gce by a compensation proportion parameter a that
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may be externally provided and outputs a temperature
compensation value (Gn-Ge) x a to the summing unit 250.

[0055] The compensation proportion parameter @ may be
used to generate an extended (or calculated) LUT by mul-
tiplying an overdrive value of a default LUT. For example,
the compensation proportion parameter a may range from
about 0 to about 3.5 with a unit of about 0.5. In addition, the
compensation proportion parameter a may be predefined as
a default of the respective LUTs and alternatively, may have
a changing value according to respective gray levels in one
LUT.

[0056] The compensation proportion parameter a may
have three bits. Alternatively, the bit number of the com-
pensation proportion parameter a may extend so that the
binary bit decimal location increases, which improves the
precision of the temperature compensation. When the com-
pensation proportion parameter a has three bits, the upper
two bits are locations for integer and the lower one bit is a
location for a decimal. For example, a binary bit value ‘011’
of the compensation proportion parameter o represents 1.5
(namely, the difference data (Gn-Gce) is multiplied by 1.5)
and a binary bit value ‘101’ represents 2.5.

[0057] The summation unit 250 sums up the temperature
compensation value (Gn-Ge)xa and the current gray data
Gn and outputs the compensated gray data Gn-1' of the
preceding frame.

[0058] According to the first embodiment of the invention,
the optimal gray compensation LUT for a predetermined
temperature interval is determined among the plurality of the
LUTs stored in the ROM or the EEPROM of the timing
controller 110 according to the peripheral temperature and
the gray data is compensated using the optimal gray com-
pensation LUT. Alternatively, the plurality of the gray com-
pensation LUTS are generated using the compensation pro-
portion parameter a and the gray data is compensated using
the generated gray compensation LUTs. The compensation
proportion parameter a may have a varying value such as a0,
al,02,a3,. . ., that may be designated by a register of the
EEPROM. The gray compensation LUT generated based on
the compensation proportion parameter o may have a value,
for example, n (n is a real number) times of a default LUT.

[0059] For example, one LUT, which has an optimized
overdrive value for an external temperature, may be selected
from among a plurality of default LUTs and a plurality of
calculated LUTs according to a value applied to a pin for
selecting the LUT.

[0060] For example, the pin for selecting the LUT may
have three pins and when a binary value of ‘000 is applied
to the three pins, the LUT having overdrive data for over-
compensation corresponding to the lowest temperature is
selected and when a binary value of ‘111 is applied to the
three pins, the LUT having the overdrive data for under-
compensation corresponding to the highest temperature is
selected.

[0061] FIG. 3 is a flowchart illustrating a method of
driving a liquid crystal display device according to the first
embodiment of the invention.

[0062] Referring to FIG. 3, in operation S105, it is deter-
mined whether the current gray data Gn is input from an
external source.
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[0063] When the current gray data Gn is not input, opera-
tion S105 is repeated. When the current gray data Gn is
input, the peripheral temperature (T) is sensed in operation
S110. For example, the peripheral temperature (T) may
correspond to a temperature data that is externally provided
or to temperature sensed by the liquid crystal display device.

[0064] In operation S115, it is determined whether a
reference gray compensation LUT corresponding to the
peripheral temperature (T) exists.

[0065] When the reference gray compensation LUT cor-
responding to the peripheral temperature (T) is determined
to exist, the corresponding reference gray compensation
LUT is extracted in operation S120 and the dynamic capaci-
tance compensation is performed based on the extracted
reference gray compensation LUT in operation S125. The
process then proceeds back to operation S105.

[0066] When the reference gray compensation LUT cor-
responding to the peripheral temperature (T) is determined
not to exist, the compensation data Ge is extracted from the
LUT corresponding to a temperature approximating the
peripheral temperature (T) in operation S130.

[0067] In operation Si23, the compensation data Ge is
subtracted from the current gray data Gn to generate the
difference data Gn-Gce and in operation S140 the difference
data Gn-Gc is multiplied by the compensation proportion
parameter o to generate the temperature compensation value
(Gn-Ge)xa.

[0068] In operation S145, the temperature compensation
value (Gn-Ge)xa is summed with the current gray data Gn
to output the compensated gray data Gn-1' of the preceding
frame.

[0069] The method of improving the response speed of the
liquid crystal described above according to the first embodi-
ment of the invention is summarized below.

[0070] When the peripheral temperature is assumed to be
between about 0° C. to about 40° C., the temperature interval
having a default compensation data is set at about 0° C. to
about 5° C., about 10° C. to about 15° C., about 20° C. to
about 25° C. and about 30° C. to about 35° C. The com-
pensation data for the temperature interval of about 5° C. to
about 10° C., about 15° C. to about 20° C., about 25° C. to
about 30° C. and about 35° C. to about 40° C. are calculated,
respectively.

[0071] When the peripheral temperature (T) is sensed at
about 17° C., a previous gray data Gn-1 has 32 gray levels
and the current gray data has 64 gray levels, a corresponding
compensation data Ge (for example, 72 gray level) is output
using the gray compensation LUT for the temperature of
about 10° C. to about 15° C. A gray difference between the
current gray data Gn and the compensation data Gc is then
multiplied by the compensation proportion parameter a to
determine a final overdrive value. The final overdrive value
is summed with the current gray data Gn and output as the
compensated gray data to the data line.

[0072] For example, the compensation proportion param-
eter a may be calculated using the following expression 1.

Expression 1

[0073] G’n_LUT2is the gray data extracted from the LUT
corresponding to a temperature that is higher than the
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peripheral temperature (T), G'_LUT1 is the gray data
extracted from the LUT corresponding to a temperature that
is lower than the peripheral temperature (T), T_LUT2 is the
temperature that is higher than the peripheral temperature
(T), and T_LUT1 is the temperature that is lower than the
peripheral temperature (T).

[0074] For example, when the compensation proportion
parameter o is 1.5, the gray difference between the current
gray data Gn and the corresponding compensation data Gc
is +8 gray level (i.c., 74-62 gray level) so that the overdrive
results in +12 gray level.

[0075] Therefore, the compensated gray data Gn-1' corre-
sponding to a summation over 64 gray level of the current
gray data Gn and +12 gray level of the overdrive, namely 76
gray level, is output.

[0076] On the other hand, when the peripheral temperature
(T) is sensed at about 17° C., the previous gray data Gn-1
has 64 gray level, and the current gray data has 32 gray level,
a corresponding compensation data Ge (for example, 25
gray level) is output using the gray compensation LUT for
the temperature of about 10° C. to about 15° C.

[0077] When the compensation proportion parameter o is
1.5, the gray difference between the current gray data Gn and
the corresponding compensation data Gc is -7 gray level
(ie., 25-32 gray level) so that the overdrive results in -11
gray level.

[0078] Therefore, the compensated gray data Gn-1' that is
finally output has a gray level that is a summation of a 32
gray level of the current gray data Gn and a -11 gray level
of the overdrive to which the compensation proportion
parameter o is applied, resulting in a 21 gray level.

[0079] As described above, in the first embodiment, one
compensation proportion parameter o is applied to corre-
sponding entire gray levels. However, the compensation
proportion parameter a may be adjusted according to the
gray level to more precisely perform the temperature com-
pensation.

[0080] For example, when a 16x16 gray compensation
LUT for 16 previous gray data Gn-1 and 16 current gray data
Gn is used, the compensation proportion parameter a may
vary according to gray levels on a scale of four or eight, etc.

[0081] When the compensation proportion parameter has
varying value according to respective set of the gray levels,
the gray compensation may be linearly performed in the set
of the gray level so that the gray compensation data values
may be optimized for the temperature.

[0082] Forexample, when entire gray level corresponds to
a 256-gray level, a compensation proportion parameter ol
may be applied to 0 to 63 gray levels, a compensation
proportion parameter o2 to 64 to 127 gray levels, a com-
pensation proportion parameter o3 to 128 to 191 gray levels,
and a compensation proportion parameter o4 to 192 to 255
gray levels.

[0083] FIG. 4 is a block diagram illustrating the timing
controller 110 in FIG. 1 according to a second embodiment
of the invention.

[0084] Referring to FIG. 1 and FIG. 4, the timing con-
troller 110 according to the second embodiment of the
invention may include an LUT generation unit 310, a first
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memory 320, a second memory 330, an extraction unit 340,
asubtraction unit 350, a multiplier unit 360 and a summation
unit 370.

[0085] For illustrative purposes and purposes of conve-
nience, the description of extracting the gray compensation
LUT corresponding to the temperature interval including the
peripheral temperature (T) and outputting the compensated
gray data Gn-1' of the preceding frame from the extracted
LUT based on the current gray data Gn and the previous gray
data Gn-1 are omitted as necessary.

[0086] When the peripheral temperature (T) is provided,
the LUT generation unit 310 extracts two gray compensation
LUTs corresponding to the temperature interval approximat-
ing the peripheral temperature (T) from the first memory 320
and calculates the compensation proportion parameter a
based on the two extracted gray compensation LUTs. A
plurality of the calculated compensation proportion param-
eters a are stored in the second memory 330, for example, in
oL UT.

[0087] The first memory 320 may store the plurality of the
gray compensation LUTs defined by optimal compensation
data for improving the response speed of the liquid crystal
according to the peripheral temperature interval. The first
memory 520 may be a ROM or an EEPROM. For example,
when the peripheral temperature is assumed to be between
about 0° C. to about 40° C., the temperature interval having
a default compensation data is set at about 0° C. to about 5°
C., about 10° C. to about 15° C., about 20° C. to about 25°
C. and about 30° C. to about 35° C., respectively.

[0088] The second memory 330 may store the compensa-
tion proportion parameter ¢ in the alLUT based on two
extracted gray compensation LUTs according to the periph-
eral temperature (T). The second memory 330 may be a
ROM or a EEPROM.

[0089] The extraction unit 340 extracts the compensation
proportion parameter o from the oLLUT stored in the second
memory 330 and provides the extracted compensation pro-
portion parameter a to the multiplier unit 360. Additionally,
the extraction unit 340 extracts the compensation data Gc
from the reference gray compensation LUT of the first
memory 320 based on the compensation proportion param-
eter oo and provides the compensation data Gc to the
summation unit 370.

[0090] The reference gray compensation LUT is the gray
compensation LUT corresponding to a temperature that is
closest to the peripheral temperature (T). The extraction unit
340 extracts a reference temperature data Tref.LUT corre-
sponding to the reference gray compensation LUT and
provides the reference temperature data Tref.LUT to the
subtraction unit 350.

[0091] The subtraction unit 350 generates a temperature
ratio data Tr based on a difference between a current
temperature data (T) and the reference temperature data
Tref.LUT and provides the temperature ratio data Tr to the
multiplier unit 360.

[0092] The multiplier unit 360 multiplics the temperature
ratio data Tr by the compensation proportion parameter a to
generate a temperature compensation value Trxo and pro-
vides the temperature compensation value Trxo to the
summation unit 370.
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[0093] The summation unit 370 sums the compensation
data Ge and the temperature compensation value Trxo. and
outputs the compensated gray data Gn-1' of the preceding
frame.

[0094] FIG. 5A shows the gray compensation look-up
table (LUT) when a peripheral temperature is about 20° C.
FIG. 5B is the gray compensation LUT when a peripheral
temperature is about 30° C. FIG. 5C is an LUT having the
compensation proportion parameter a corresponding to a
neighboring temperature interval.

[0095] It is assumed that the previous gray data Gn-1 has
a 112 gray level, the current gray data Gn has a 32 gray level
and the peripheral temperature is about 25° C. Further, the
compensation proportion parameter a between two LUTs is
assumed to have three bits and the temperature ratio data Tr
is four bits.

[0096] Under the above conditions, the compensation pro-
portion parameter a is shown as 0.5 (=0.102) in the oL.UT
in FIG. 5C. Namely, when the gray level is changed from
the 112 gray level to the 32 gray level in the temperature
interval of about 20° C. to about 30° C., the gray compen-
sation value has the compensation proportion parameter a of
about 0.5 according to the temperature.

[0097] Since the peripheral temperature is about 25° C,,
the gray compensation value Gn' of 10 (=000010102) is
extracted from the reference gray compensation LUT cor-
responding to a temperature of about 20° C. approaching a
temperature of about 25° C.

[0098] Since the temperature ratio Tr is about 25° C. and
the reference gray compensation LUT (ic., the reference
temperature data Tref. LUT) corresponds to about 20° C., the
difference therebetween (i.e., Tr) is about 5(=01012) ° C.
and the temperature compensation value Trxa is (0.102)x
(01012)=000000102.

[0099] The compensated gray data Gn-1' of the preceding
frame is obtained by adding the compensation data Gn' of
the reference gray compensation LUT and the compensation
value Trxa so that the compensated gray data Gn-1' of the
preceding frame finally output is 000010102+000000102=
000011002.

[0100] Tt is assumed in the example below that the previ-
ous gray data Gn-1 has a 32 gray level, the current gray data
Gn has a 112 gray level, and the peripheral temperature is
about 23° C. Further, it is assumed that the compensation
proportion parameter a between two LUTs has three bits and
the temperature ratio data Tr has four bits.

[0101] Under the above described condition, the compen-
sation proportion parameter o is shown as 0.9(=1.002) in the
ALUT in FIG. 5C. Namely, when the gray level is changed
from the 32 gray level to the 112 gray level in the tempera-
ture interval of about 20° C. to about 30° C., the gray
compensation value has the compensation proportion
parameter o of about -0.9(=-1.002) according to the tem-
perature.

[0102] Since the peripheral temperature is about 23° C.,
the gray compensation value Gn' of 144(=100100002) is
extracted from the reference gray compensation LUT cor-
responding to a temperature of 20° C. approaching a tem-
perature of about 25° C.
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[0103] Since the temperature ratio Tr is about 23° C. and
the reference gray compensation LUT (ie., the reference
temperature data Tref. LUT) corresponds to a temperature of
about 20° C., the difference therebetween (i.e., Tr) is about
3(=00112) ° C. and the temperature compensation value
T is (~1.002)x(00112)=—000000112.

[0104] The compensated gray data Gn-1' of the preceding
frame is obtained by adding the compensation data Gn' of
the reference gray compensation LUT and the compensation
value Tr x a so that the compensated gray data Gn-1' of the
preceding frame finally output is 100100002+000000112=
100011012 (i.e., 141).

[0105] FIG. 6A and FIG. 6B are a flowchart showing a
method of driving a liquid crystal display device according
to the second embodiment of the invention.

[0106] Referring to FIG. 6A and FIG. 6B, whether the
current gray data Gn is input from an external is determined
in operation S205.

[0107] When the current gray data Gn is not input, opera-
tion S205 is repeated. When the current gray data Gn is
input, the peripheral temperature (T) is sensed in operation
§210. The peripheral temperature (T) may correspond to the
temperature data that is externally provided or to a tempera-
ture sensed by the liquid crystal display device.

[0108] In operation S215, it is determined whether the
reference gray compensation LUT corresponding to the
peripheral temperature (T) exists.

[0109] When the reference gray compensation LUT cor-
responding to the peripheral temperature (T) is determined
to exist, the corresponding reference gray compensation
LUT is extracted in operation S220 and the dynamic capaci-
tance compensation is performed based on the extracted
reference gray compensation LUT in operation S225. The
process then proceeds to operation S205.

[0110] When the reference gray compensation LUT cor-
responding to the peripheral temperature (T) is determined
not to exist, whether the «LUT having the compensation
proportion parameter a calculated based on two LUTs that
correspond to a temperature approximating the peripheral
temperature (T) exists is determined in operation S230. The
temperature approximating the peripheral temperature (T)
includes a temperature that is lower than and approaching
the peripheral temperature (T) and a temperature that is
higher than and approaching the peripheral temperature (T).

[0111] When the oL UT is determined not to exist, the
compensation proportion parameter a is calculated based on
two LUTs that correspond to the temperature approximating
the peripheral temperature (T) in operation S235.

[0112] The aL.UT corresponding to the calculated com-
pensation proportion parameter o is then generated and may
be stored in the memory in operation S240.

[0113] When the aLUT is determined to exist, the com-
pensation data is extracted from the reference gray compen-
sation LUT based on the compensation proportion parameter
o extracted from the a.UT in operation S250.

[0114] The temperature ratio data Tr is then generated
based on the difference between the current temperature data
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(T) and the reference temperature data Tref.LUT corre-
sponding to the reference gray compensation LUT in opera-
tion S255.

[0115] The temperature ratio data Tr is multiplied by the
compensation proportion parameter a to generate the tem-
perature compensation value Trxa in operation S260.

[0116] The temperature compensation value Trxo is added
with the compensation data Ge to output the compensated
gray data Gn-1' of the preceding frame in operation S265.

[0117] FIG. 7 is a block diagram illustrating the timing
controller 110 in FIG. 1 according to a third embodiment of
the invention.

[0118] Referring to FIG. 1 and FIG. 7, the timing con-
troller 110 may include an arithmetic unit 410, a first
memory 420, an extraction unit 430, a subtraction unit, a
multiplier unit 450 and a summation unit 460. For illustra-
tive purposes and purposes of convenience, the description
of extracting the gray compensation LUT for the tempera-
ture interval including the peripheral temperature (T) and
outputting the compensated gray data Gn-1' of the preceding
frame from the extracted LUT based on the current gray data
Gn and the previous gray data Gn-1 are omitted as neces-
sary.

[0119] When the peripheral temperature (T) is provided,
the arithmetic unit 410 calculates the compensation propor-
tion parameter a in real time based on two LUTs corre-
sponding to the temperature approximating the peripheral
temperature (T) from among a plurality of the gray com-
pensation LUTS stored in the first memory 420. The calcu-
lated compensation proportion parameter o is provided to
the extraction unit 420 and the multiplier unit 450.

[0120] The first memory 420 stores the plurality of the
gray compensation LUTs having respective compensation
data corresponding to predetermined temperature intervals,
which are optimized for improving the response speed of the
liquid crystal. The first memory may be a ROM or an
EEPROM. For example, when the peripheral temperature is
assumed to be between about 0° C. to about 40° C., the
temperature intervals having a default compensation data are
set as about 0° C. to about 5° C., about 10° C. to about 15°
C., about 20° C. to about 25° C. and about 30° C. to about
35°C.

[0121] The extraction unit 430 receives the current gray
data Gn and the previous gray data Gn-1 that are externally
provided and extracts the compensation data Ge based on
the compensation proportion parameter a from one of the
reference gray compensation LUTs stored in the first
memory 420 and provides the compensation data Gc to the
summation unit 460. The extraction unit 430 extracts the
reference temperature data Tref. LUT corresponding to the
reference gray compensation LUT and provides the refer-
ence temperature data Tref. LUT to the subtraction unit 440.

[0122] The subtraction unit 440 generates the temperature
ratio data Tr based on the difference between the current
temperature data (T) and the reference temperature data
Tref. LUT and provides the temperature ratio data Tr to the
multiplier unit 450.

[0123] The multiplier unit 450 multiplies the temperature
ratio data Tr by the compensation proportion parameter a to
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generate the temperature compensation value Trxo and
provides the temperature compensation value Trxa to the
summation unit 460.

[0124] The summation unit 460 sums the compensation
data Ge and the temperature compensation value Trxa. and
outputs the compensated gray data Gn-1' of the preceding
frame.

[0125] FIG. 8 is a flowchart showing a method of driving
a liquid crystal display device according to the third embodi-
ment of the invention.

[0126] Referring to FIG. 8, whether the current gray data
Gn is input from an external is determined in operation
S30s.

[0127] When the current gray data Gn is not input, opera-
tion S305 is repeated. When the current gray data Gn is
input, the peripheral temperature (T) is sensed in operation
§310. The peripheral temperature (T) may correspond to the
temperature data that is externally provided or to a tempera-
ture sensed by the liquid crystal display device.

[0128] In operation S315 it is determined whether the
reference gray compensation LUT corresponding to the
peripheral temperature (T) exists.

[0129] When the reference gray compensation LUT cor-
responding to the peripheral temperature (T) is determined
to exist, the corresponding reference gray compensation
LUT is extracted in operation $320 and the dynamic capaci-
tance compensation is performed based on the extracted
reference gray compensation LUT in operation S325. The
process then proceeds to operation S305.

[0130] When the reference gray compensation LUT cor-
responding to the peripheral temperature (T) is determined
not to exist, the compensation proportion parameter o is
calculated in real time based on two LUTSs that correspond
to a temperature approximating the peripheral temperature
(T) in operation S330. The temperature approximating the
peripheral temperature (T) includes a temperature that is
lower than and approaching the peripheral temperature (T)
and a temperature that is higher than and approaching the
peripheral temperature (T).

[0131] The compensation data Ge is extracted from the
reference gray compensation LUT based on calculated the
compensation proportion parameter a in operation S335.

[0132] The temperature ratio data Tr is generated based on
the difference between the current temperature data (T) and
the reference temperature data Tref.LUT corresponding to
the reference gray compensation LUT in operation S340.

[0133] The temperature ratio data Tr is multiplied by the
compensation proportion parameter a to generate the tem-
perature compensation value Trxa in operation S345. The
temperature compensation value Trxo is added with the
compensation data Gc to output the compensated gray data
Gn-1' of the preceding frame in operation S350.

[0134] As described above, according to the first embodi-
ment of the invention, a plurality of LUTs for predefined
temperature intervals are provided and when the peripheral
temperature is included in one of the predetermined tem-
perature intervals, the compensation data is output from the
gray compensation LUT for a corresponding temperature
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interval so that the response speed of the liquid crystal
improves according to the temperature.

[0135] When the peripheral temperature is not included in
the predefined temperature intervals, the compensation data
is extracted from the gray compensation LUT corresponding
to a temperature approaching to the peripheral temperature
and a difference data is generated based on a difference
between the current gray data and the compensation data.
The gray difference data is multiplied by the compensation
proportion parameter to generate the temperature compen-
sation value and the temperature compensation value is
added with the current gray data so that the response speed
of the liquid crystal according to the temperature may be
improved while a memory capacity is reduced.

[0136] According to the second embodiment of the inven-
tion, the plurality of LUTs for certain temperature intervals
are provided and when the peripheral temperature is
included in one of the certain temperature intervals, the
compensation data is output from the gray compensation
LUT for a corresponding temperature interval so that the
response speed of the liquid crystal improves according to
the temperature.

[0137] When the peripheral temperature is not included in
any of the predetermined temperature intervals, the com-
pensation proportion parameter is calculated based on two
LUTs corresponding to a temperature approximating the
peripheral temperature to generate the compensation pro-
portion parameter LUT. The compensation data is extracted
from the gray compensation LUT selected based on the
compensation proportion parameter extracted from the com-
pensation proportion parameter LUT. The temperature ratio
data is generated based on the difference between the current
temperature data and the reference temperature data corre-
sponding to the reference gray compensation LUT. The
temperature ratio data is multiplied by the compensation
proportion parameter to generate the temperature compen-
sation value. The temperature compensation value is added
with the current gray data to output the compensated gray
data of the preceding frame so that the response speed of the
liquid crystal according to the temperature may be improved
while a memory capacity is reduced.

[0138] According to the third embodiment of the inven-
tion, the plurality of LUTs for certain temperature intervals
are provided and when the peripheral temperature is
included in any of the certain temperature intervals, the
compensation data is output from the gray compensation
LUT for a corresponding temperature interval so that the
response speed of the liquid crystal improves according to
the temperature.

[0139] When the peripheral temperature is not included in
any of the certain temperature intervals, the compensation
proportion parameter is calculated in real time based on two
LUTs corresponding to a temperature approximating the
peripheral temperature. And, the compensation data is
extracted from the gray compensation LUT selected based
on the compensation proportion parameter. The temperature
ratio data is generated based on the difference between the
current temperature data and the reference temperature data
corresponding to the reference gray compensation LUT. The
temperature ratio data is multiplied by the compensation
proportion parameter to generate the temperature compen-
sation value. The temperature compensation value is added

Mar. 9, 2006

with the current gray data to output the compensated gray
data Gn-1' of the preceding frame so that the response speed
of the liquid crystal according to the temperature may be
improved while a memory capacity is reduced.

[0140] Tt will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:
1. A display device, comprising:

a liquid crystal display unit; and

a controller that extracts a compensation data from a gray
compensation look-up table (LUT) corresponding to a
temperature interval that includes a peripheral tempera-
ture of the display device and outputs the compensation
data to the liquid crystal display unit as a compensated
gray data,

wherein when the gray compensation LUT corresponding
to the temperature interval including the peripheral
temperature does not exist, the controller extracts the
compensation data from a gray compensation LUT
corresponding to a temperature interval approximating
the peripheral temperature of the display device to
generate the compensated gray data based on the com-
pensation data and a compensation proportion param-
eter to output the compensated gray data to the liquid
crystal display unit.

2. The display device of claim 1, wherein the controller

comprises:

a memory storing a plurality of gray compensation LUTs
according to temperature intervals, respectively;

an extraction unit extracting the compensation data from
the gray compensation LUT corresponding to the tem-
perature interval approximating the peripheral tempera-
ture;

a subtraction unit generating a difference data based on a
difference between a current gray data and the extracted
compensation data,

a multiplier unit multiplying the difference data by the
compensation proportion parameter to generate a tem-
perature compensation value; and

a summation unit summing the temperature compensation
value and the current gray data to generate the com-
pensated gray data.

3. The display device of claim 1, wherein the controller

comprises:

a first memory storing a plurality of gray compensation
LUTs according to predetermined temperature inter-
vals, respectively;

a LUT generation unit extracting two gray compensation
LUTs corresponding to the temperature interval
approximating the peripheral temperature and generat-
ing a LUT based on a calculated compensation propor-
tion parameter;

a second memory storing the a LUT;
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an extraction unit extracting the compensation data from
the corresponding gray compensation LUT in the first
memory based on the compensation proportion param-
eter extracted from the a LUT in the second memory;

a subtraction unit generating a temperature ratio data
based on a difference between a temperature of the
corresponding gray compensation LUT and the periph-
eral temperature;

a multiplier unit multiplying the temperature ratio data by
the compensation proportion parameter to generate a
temperature compensation value; and

asummation unit summing the temperature compensation
value and the compensation data to generate the com-
pensated gray data.
4. The display device of claim 1, wherein the controller
includes:

a first memory storing a plurality of gray compensation
LUTs according to predetermined temperature inter-
vals, respectively;

an arithmetic unit calculating the compensation propor-
tion parameter based on two gray compensation LUTs
corresponding to the temperature interval approximat-
ing the peripheral temperature;

an extraction unit extracting the compensation data from
one of the gray compensation LUTSs in the first memory
based on the compensation proportion parameter;

a subtraction unit generating a temperature ratio data
based on a difference between a temperature of the one
of the gray compensation LUTs and the peripheral
temperature;

a multiplier unit multiplying the temperature ratio data by
the compensation proportion parameter to generate a
temperature compensation value; and

a summation unit adding the temperature compensation
value and the compensation data to generate the com-
pensated gray data.

5. The display device of claim 1, wherein the liquid

crystal display unit comprises:

a liquid crystal panel comprising a plurality of gate lines,
a plurality of data lines insulated from the gate lines and
extending substantially perpendicular to the gate lines,
and a plurality of pixels arranged in a matrix shape,
wherein the pixel includes a switching element that is
coupled with a data line and a gate line;

a gate driver activating the switching element; and

a data driver outputting the compensated gray data to the

data line.

6. The display device of claim 1, wherein the compensa-
tion data is extracted based on a gray data of a current frame
and a gray data of a preceding frame.

7. The display device of claim 1, further comprising:

a temperature sensor sensing the peripheral temperature.
8. A display device, comprising:

a liquid crystal panel;

a data driver providing a data signal to the liquid crystal
panel;
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a memory storing a compensation data corresponding to
a peripheral temperature; and

a timing controller reading the compensation data from
the memory based on a gray data of a current frame and
a gray data of a preceding frame,

wherein the timing controller provides the data driver
with a compensated gray data, the compensated gray
data being extracted from a gray compensation look-up
table (LUT) corresponding to a temperature interval
including the peripheral temperature, and

wherein when the gray compensation LUT corresponding
to the temperature interval including the peripheral
temperature does not exist, the timing controller
extracts the compensation data from the gray compen-
sation LUT corresponding to the temperature interval
approximating the peripheral temperature to generate
the compensated gray data based on the compensation
data and a compensation proportion parameter to out-
put the compensated gray data to the liquid crystal
panel.

9. A method of driving a liquid crystal display device
having gray compensation look-up tables (LUTs) according
to a temperature interval to improve a response speed of a
liquid crystal, the method comprising:

applying a gate signal to a display panel; and

extracting a compensation data from the gray compensa-
tion LUT corresponding to a temperature interval
including a peripheral temperature of the liquid crystal
display device based on a current gray data and a
previous gray data and outputting the extracted com-
pensation data to the display panel as a compensated
gray data; and

generating the compensated gray data using a compensa-
tion proportion parameter to output the compensated
gray data to the display panel when the gray compen-
sation LUT corresponding to the temperature interval
including the peripheral temperature does not exist.
10. The method of claim 9, wherein the current gray data
corresponds to a gray data of a current frame and the
previous gray data corresponds to a gray data of a preceding
frame.
11. The method of claim 9, wherein generating the com-
pensated gray data comprises:

extracting the compensation data from the gray compen-
sation LUT corresponding to a temperature interval
approximating the peripheral temperature;

generating a difference data based on a difference between
the current gray data and the compensation data;

multiplying the difference data by the compensation pro-
portion parameter to generate a temperature compen-
sation value; and

summing the temperature compensation value with the
current gray data to generate the compensated gray
data.
12. The method of claim 9, wherein generating the
compensated gray data comprises:

calculating the compensation proportion parameter to
generate an a LUT based on two gray compensation
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LUTs corresponding to the temperature interval
approximating the peripheral temperature;

extracting the compensation data from the corresponding
gray compensation LUT based on the compensation
proportion parameter extracted from the a LUT;

generating a temperature ratio data based on a difference
between a temperature of the corresponding gray com-
pensation LUT and the peripheral temperature;

multiplying the temperature ratio data by the compensa-
tion proportion parameter to generate a temperature
compensation value; and

adding the temperature compensation value to the com-

pensation data to generate the compensated gray data.

13. The method of claim 9, wherein generating the
compensated gray data comprises:

calculating the compensation proportion parameter in real
time using two gray compensation LUTs corresponding
to the temperature interval approximating the periph-
eral temperature;

extracting the compensation data from the corresponding
gray compensation LUT selected based on the calcu-
lated compensation proportion parameter,

generating a temperature ratio data based on a difference
between a temperature of the corresponding gray com-
pensation LUT and the peripheral temperature;

multiplying the temperature ratio data by the compensa-
tion proportion parameter to generate a temperature
compensation value; and

adding the temperature compensation value to the com-

pensation data to generate the compensated gray data.

14. A display device having a liquid crystal panel for
displaying an image, comprising:

a data driver providing a data signal to the liquid crystal
panel;
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a memory storing a compensation data corresponding to
peripheral temperature; and

a timing controller reading out the compensation data
from the memory based on a gray data of a current
frame and a gray data of a preceding frame,

wherein the timing controller provides the data driver
with the compensation data extracted from a gray
compensation look-up table (LUT) corresponding to a
temperature interval including the peripheral tempera-
ture as a compensated gray data, and

wherein when the gray compensation LUT corresponding
to the temperature interval including the peripheral
temperature does not exist, the timing controller
extracts the compensation data from the gray compen-
sation LUT corresponding to the temperature interval
approximating the peripheral temperature to generate
the compensated gray data based on the compensation
data and a compensation proportion parameter to pro-
vide the compensated gray data to the liquid crystal
panel.

15. The display device of claim 14, wherein the memory
stores a plurality of the gray compensation LUTs according
to a temperature interval.

16. The display device of claim 14, wherein the timing
controller comprises:

a LUT generation unit calculating an a LUT for the
compensation proportion parameter based on two gray
compensation LUTS corresponding to the temperature
interval approximating the peripheral temperature, and

wherein the memory comprises,

a first memory storing a plurality of the gray compensa-
tion LUTs according to temperature intervals, respec-
tively; and

a second memory storing the a LUT for the compensation
proportion parameter.
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