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METHOD AND APPARATUS FOR DRIVING
LIQUID CRYSTAL DISPLAY

This application claims the benefit of the Korean Appli-
cation No. 2001-78449 filed on Dec. 12, 2001, which is
hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a liquid crystal display, and more
particularly to a method and apparatus of driving a liquid
crystal display for improving the picture quality.

2. Description of the Related Art

Generally, a liquid crystal display (LCD) controls a light
transmittance of each liquid crystal cell in accordance with
a video signal to thereby display a picture on a display panel.
An active matrix LCD includes a switching device for each
liquid crystal cell of the display panel that is suitable for
displaying a dynamic image. The active matrix LCD uses
thin film transistors (TFT’s) as switching devices.

The LCD can have a slow response time due to inherent
characteristics of a liquid crystal, such as a viscosity and
elasticity, as represented in the following equation (1):

1,09/ V2 P2, M
wherein T, is response time of a liquid crystal; d is a cell gap
of liquid crystal cells; v is a viscosity coeflicient of the liquid
crystal molecules; V_ is a starting voltage level of a voltage
across the liquid crystal; V. is a target voltage level that is
a Freederick transition voltage at which liquid crystal mol-
ecules begin to make an inclined motion; and Ae is a
dielectric constant anisotropy.

A twisted nematic (IN) mode liquid crystal has a
response time affected by the viscosity and elasticity of the
liquid crystal, as well as other physical characteristics of the
liquid crystal. Typically, a TN mode liquid crystal has
response times that includes a rise time of 20 to 80 ms and
a fall time of 20 to 30 ms. Since these response times of the
TN mode liquid crystal are longer than the interval (i.e.,
16.67 ms in the case of NTSC system) of a frame in a
moving picture, a voltage charge in a liquid crystal cell for
a first frame progresses into a second frame prior to arriving
at a target voltage for the first frame. Thus, a blurring
phenomenon occurs in which the moving portion of a
picture on the display panel is blurry.

FIG. 1 is a waveform diagram showing variation in
brightness levels in response to changes in voltage levels of
data voltage for a cell of a related art liquid crystal display.
The cell of a related art LCD will not display a desired color
at a desired brightness, upon implementation of a moving
picture, if the display brightness BL fails to reach a target
brightness level corresponding to an input of data voltage
VD. This failure is due to the slow response time of the
liquid crystal in changing from one voltage level of a first
data voltage to another voltage level of a second data
voltage, as shown in FIG. 1. Accordingly, the display quality
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of the LCD is reduced since the contrast ratio for the moving
portions of the picture is reduced or is not commensurate
with the input of data voltage VD.

To overcome the problems associated with the slow
response time of liquid crystal in an LCD, a strategy of
modulating a data in accordance with a change of the data,
hereinafter referred to as “high-speed driving strategy” has
been suggested. A high-speed driving strategy modulates
input data into modulated data. The waveform diagram
shown in FIG. 2 is an example of a brightness variation in
response to input of a modulated data voltage in a related art
high-speed driving strategy. The related art high-speed driv-
ing strategy modulates an input data voltage VD to apply a
modulated data voltage MVD to the liquid crystal cell,
thereby obtaining a desired brightness MBL. This high-
speed driving strategy increases the difference of IV, *-V .|
in the above equation (1) such that a desired brightness level
BL for the data voltage VD can be obtained in a response
time that is less than an interval of a frame. In effect, the
modulating the data voltage VD accelerates the speed in
which the liquid crystal responds such that the brightness
level BL, which is commensurate with the voltage level of
the data voltage VD, is reached prior to the next frame. Thus,
an LCD using a high-speed driving strategy compensates for
a slow response time of the liquid crystal by modulating
inputted data values such that the blurring phenomenon is
reduced and the moving portion of a picture is displayed at
a desired color and at a desired brightness.

Referring to FIG. 3, a related art high-speed driving
strategy compares the four most significant bits MSB of a
previous frame Fn-1 with those of a current frame Fn and,
if there is a change of the most significant bits, selects the
corresponding modulating data Mdata from a look-up table
to modulate it as shown in FIG. 3. This type of high-speed
driving strategy modulates only the first four most signifi-
cant bits so as to reduce the size of memory needed. A
high-speed driving apparatus implemented in this manner is
shown in FIG. 4.

Referring to FIG. 4, a related art high-speed driving
apparatus includes a frame memory 43 connected to a most
significant bit bus line 42, and a look-up table 44 commonly
connected to the most significant bit bus line 42 and an
output terminal of the frame memory 43. The frame memory
43 stores the most significant bits MSB during one frame
interval and supplies the stored data to the look-up table 44.
The most significant bits MSB can be, for example, the first
four 4 bits of an 8-bit RGB source data representing the
voltage level of a data voltage.

The look-up table 44 compares the four most significant
bits MSB of a current frame Fn inputted from the most
significant bit line 42 with those of the previous frame Fn-1
inputted from the frame memory 43 to select the correspond-
ing modulating data Mdata in accordance with a look-up
table, such as Table 1 below. The modulating data Mdata is
then combined with the least significant bits LSB from a less
significant bit bus line 41 for application to the LCD panel.

TABLE 1
Divison 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0 0 1 3 4 6 7 9 10 11 12 14 15 15 15 15 15
1 0 1 2 4 5 7 9 10 11 12 13 14 15 15 15 15
2 01 2 3 5 7 8 9 10 12 13 14 15 15 15 15
3 01 2 3 5 6 8 9 10 11 12 14 14 15 15 15
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TABLE 1-continued

Division 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

4 0 0 1 2 4 6 7 9 10 11 12 13 14 15 15 15

5 0 0 0 2 3 5 7 8 9 11 12 13 14 15 15 15

6 0 0 0 1 3 4 6 8 9 10 11 13 14 15 15 15

7 0 0 0 1 2 4 5 7 810 11 12 14 14 15 15

8 0 0 0 1 2 3 5 6 8 9 11 12 13 14 15 15

9 0 0 0 1 2 3 4 6 7 910 12 13 14 15 15

10 0 0 0 0 1 2 4 5 7 810 11 13 14 15 15

11 0 0 0 0 0 2 3 5 6 7 9 11 12 14 15 15

12 0 0 0 0 0 1 3 4 5 7 810 12 13 15 15

13 0 0 0 0 0 1 2 3 4 6 810 11 13 14 15

14 00 0 0 0 0 1 2 3 5 7 9 11 13 14 15

15 00 0 0 0 0 0 1 2 4 6 9 11 13 14 15
In the above table, the left column is the value of the data a modulating data value for a first temperature interval
voltage determined from the MSB of the previous frame within a temperature range, storing the modulating data as
Fn-1 while an uppermost row is the value of the data voltage look-up table, sensing a temperature of a display panel and

20

determined from MSB of the current frame Fn. However, the
related art LCD high-speed driving strategy is designed
based on the operating temperature being at a specific
reference temperature, such as at a room temperature of 20°
C., to determine the look-up table. Thus, if the temperature
of the liquid crystal is at different operating temperature than
the reference temperature that look-up table is based upon,
the modulated data voltage MVD will not be properly set
and the response time of the liquid crystal may be off. As a
result, the related art LCD will not have a desired brightness
or moving picture that does not blur in an environment
having a different temperature than the reference tempera-
ture. For example, if a temperature of the liquid crystal is
more than the reference temperature, then viscosity coefli-
cient vy of the liquid crystal molecules and a dielectric
constant anisotropy Ae of the liquid crystal are increased.
However, if temperature of the liquid crystal is less than the
reference temperature, then a viscosity coeflicient vy of the
liquid crystal molecules and a dielectric constant anisotropy
Ac of the liquid crystal are decreased. Because response
time of the liquid crystal is inversely proportional to tem-
perature, the related art LCD has a higher brightness than a
desired brightness when operating at temperatures above the
reference temperature and will have a lower brightness than
a desired brightness as well as blur when operating at a
temperature below the reference temperature.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a method
and apparatus of driving a liquid crystal display that sub-
stantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

An object of the present invention is to provide a method
and apparatus of driving a liquid crystal display for improv-
ing the quality of a moving picture.

Additional features and advantages 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. The objectives and other advan-
tages of the invention will be realized and attained by the
structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

In order to achieve these and other objects of the inven-
tion, a method of driving a liquid crystal display in which
frames having data values indicate the gray scale for liquid
crystal in a display panel, includes the steps of determining
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modulating the input signal to the liquid crystal display
based upon the sensed temperature.

In another embodiment, a method of driving a liquid
crystal display in which frames having data values indicate
the gray scale for liquid crystal in a display panel, includes
the steps of storing a reference look-up table determined on
a basis of a reference temperature interval along with ratios
of liquid crystal response time for temperature intervals
within a temperature range to a response time of the liquid
crystal within the reference temperature interval, sensing a
temperature of the display panel, determining reference
modulating data from the reference lock-up table based on
source data from a current frame and a previous frame and
adjusting said reference modulating data in accordance with
a stored ratio corresponding to the temperature interval that
said sensed temperature is within.

In another embodiment, a driving apparatus for a liquid
crystal display for displaying frames having data includes a
look-up table storing modulating data values for each tem-
perature interval within a temperature range such that a
plurality of look-up tables store modulating data values for
the temperature range, a temperature sensor for sensing a
temperature of a display panel and a selector for selecting
one of a modulating data outputted from the plurality of
look-up tables in accordance with said sensed temperature.

In another embodiment, a driving apparatus for a liquid
crystal display for displaying frames having data includes a
reference look-up table for storing a reference modulating
data determined on a basis of a reference temperature
interval and for storing ratios of liquid crystal response time
for temperature intervals within the temperature range to a
response time of the liquid crystal within a reference tem-
perature interval, a temperature sensor for sensing a tem-
perature of a display panel and an arithmetic unit for
adjusting said reference modulating data in accordance with
a stored ratio corresponding to the temperature interval that
said sensed temperature is within.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
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embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1 is a waveform diagram showing variation in
brightness levels in response to changes in voltage levels of
data voltage for a cell of a related art liquid crystal display;

FIG. 2 is a waveform diagram showing an example of
brightness variation for a cell of a related art liquid crystal
display according to a data modulation of a related art
high-speed driving strategy;

FIG. 3 depicts a related art high-speed driving strategy
applied to a 8-bit data;

FIG. 4 is a block diagram showing a configuration of a
related art high-speed driving apparatus;

FIG. 5 is a block diagram showing a configuration of a
driving apparatus for a liquid crystal display according to
embodiments of the present invention;

FIG. 6 is a block diagram of a first embodiment of the data
modulator shown in FIG. 5;

FIG. 7 is a flow chart representing a first data modulating
method in accordance with embodiments of the present
invention;

FIG. 8 is a block diagram of a second embodiment of the
data modulator shown in FIG. 5;

FIG. 9 is a block diagram of a third embodiment of the
data modulator shown in FIG. 5;

FIG. 10 is a block diagram of a fourth embodiment of the
data modulator shown in FIG. 5; and

FIG. 11 is a flow chart representing a second data modu-
lating method in accordance with embodiments of the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings. FIG. 5 is a
block diagram showing a configuration of a driving appa-
ratus for a liquid crystal display according to an embodiment
of the present invention. The LCD driving apparatus in FIG.
5 includes a liquid crystal display panel 57 having data lines
55 and gate lines 56, which cross each other. Adjacent to
each intersection where the data lines 55 and gate lines 56
cross, a TFT is provided to drive a liquid crystal cell Cle. As
also shown in FIG. 5, the LCD driving apparatus in FIG. 5
includes a data driver 53 for supplying a data to the data lines
55 of the liquid crystal display panel 57, a gate driver 54 for
applying scanning pulses to the gate lines 56 of the liquid
crystal display panel 57, a timing controller 51 supplied with
a digital video data and synchronizing signals H and V, a
temperature sensor 58 for sensing a temperature of the liquid
crystal display panel 57, and a data modulator 52 for
selecting or deriving a modulating data MData that drives a
liquid crystal cell such that a predetermined response time is
obtained even if the temperature of the liquid crystal display
panel 57 changes.

The data lines 55 and the gate lines 56 are provided on a
lower glass substrate and a liquid crystal is positioned
between the lower glass substrate and an upper glass sub-
strate to for a liquid crystal panel display 57. TFTs are
provided for each liquid crystal cell CLc adjacent to inter-
sections of the data lines 55 and the gate lines 56. The TFTs
respond to scanning pulses on the data lines 55 in driving the
liquid crystal cells Cle, which are respectively connected to
a TFT. To this end, a gate electrode of each TFTs is
connected to one of the gate lines 56 while a source
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6

electrode thereof is connected to one of the data lines 55.
The drain electrode of each respective TFT is connected to
the pixel electrode of the liquid crystal cell Clc that connects
to the respective TFT.

Digital video data is supplied from a digital video card
(not shown). The timing controller 51 re-arranges the digital
video data into RGB data, which is supplied to the data
modulator 52. Further, the timing controller 51 receives
horizontal/vertical synchronizing signals H and V to supply
a data driving control DDC signal to the data driver 53 and
to supply a gate driving control GDC signal to the gate
driver 54. The DDC signal includes a source shift clock
SSC, a source start pulse SSP, a polarity control signal POL
and source output enable signal SOE. The GDC signal
includes a gate start pulse GSP, a gate shift clock GSC and
a gate output enable signal GOE.

In response to the gate driving control signal GDC from
the timing controller 51, the gate driver 54 generates a
scanning pulse. More particularly, the gate driver 54 can
include a shift register and a level shifter for driving the
liquid crystal cell Clec. The TFT is turned on in response to
the scanning pulse. Upon turn-on of the TFT, video data on
the data line 55 is supplied to the pixel electrode of the liquid
crystal cell Cle.

The data driver 53 supplies data from the data modulator
52 to the data lines 55 in response to the data driving control
signal DDC from the timing controller 51. The data driver 53
samples the variable modulating data RGB Mdata from the
data modulator 52 and latches data for the data lines such
that an appropriate sample is latched for each data line. The
data latched by the data driver 53 for each of the data lines
55 is converted into a gamma voltages that is supplied
applied to the data lines 55 during a scanning interval.

The data modulator 52 stores data for maintaining the
response time of the LCD. The data modulator 52 includes
at least one look-up table for a temperature or temperature
interval. The data modulator 52 can included a plurality of
look-up tables or a reference look-up table used in conjunc-
tion with an arithmetic unit. A temperature sensor 58 that is
connected the data modulator 52 temperatures senses a
temperature of the liquid crystal display panel 57 and applies
the sensed temperature information T to a control terminal
of the data modulator 52.

FIG. 6 is a block diagram of the data modulator 52a using
a plurality of look-up tables according to a first embodiment
of the present invention. As shown in FIG. 6, the data
modulator 52q includes a frame memory 63 for storing most
significant bits of source data, look-up tables 64a to 64n,
which store modulating data for each temperature interval
within a temperature range and receives most significant bits
of source data, a switch 65 for selecting modulating data
from one of the look-up tables 64a to 64r in accordance with
a sensed temperature from the liquid crystal display panel
57.

The frame memory 63 is connected to a most significant
bit bus line 62 of the timing controller 51 and stores most
significant bits MSB inputted from the timing controller 51
during a frame interval. Further, the frame memory 63
supplies most significant bits MSB of a past frame while a
current frame is supplied to the look-up tables 64a to 64n
from the most significant bit bus line 62. In each look-up
table, modulating data is stored for each temperature interval
within a temperature range. For example, if a temperature
range of -5° C. to 65° C. is divided into intervals of 10° C,,
then the modulating data of each look-up table 64a to 64r
has a liquid crystal response time that is substantially similar
to a predetermined time even though an operating tempera-
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ture of the liquid crystal display panel changes. Table 2
below presents the physical property variations and response
times calculated by the equation (1) at the temperatures of 0°
C.,10°C.,20° C.,30° C,, 40° C,, 50° C. and 60° C. that are
respectively for the 10° C. temperature intervals within the
temperature range of -5° C. to 65° C. for a liquid crystal
developed by Merck Company having a response time of
16.67 ms at 20° C. with a drive frequency of 60 Hz.

TABLE 2

Comparison

Dielectric of Response
Constant Viscosity Response Time

Temp.  Anisotropy  Coeflicient Time (with interval

°C) (Ae€) ) v/Ae (RT) of 20° C)

0 13.3 260.0 19.5 394 2.36
10 12.2 149.0 12.2 24.6 1.47
20 11.1 92.0 8.3 16.7 1.00
30 10.0 660.0 6.0 12.1 0.72
40 9.0 41.0 4.6 9.2 0.55
50 79 29.0 37 74 0.44
60 6.8 21.0 3.1 6.2 0.37

As can be seen from Table 2, the response time RT of the
liquid crystal varies inversely to temperature. Thus, a ref-
erence temperature interval containing a reference tempera-
ture can be designated and the rest of the temperature
intervals can be compared to the reference interval. As
shown in FIG. 2 for example, the “Comparison of Response
Time” in Table 2 compares the liquid crystal response time
RT of temperate intervals of 10° C. within the temperature
range of =5° C. to 65° C. to the temperature interval of 15°
C. to 25° C., with a median temperature value of 20° C. that
has a response time of 16.67 ms at a drive frequency of 60
Hz.

Table 2 shows that the liquid crystal has a slow response
time RT of 39.4 ms within the first 10° C. temperature
interval containing 0° C. as a median value. Table 2 also
shows that the liquid crystal has a fast time of 6.2 ms within
the last 10° C. temperature interval containing 60° C. as a
median value. If a desired response time is 16.67 ms, then
the response time of the first temperature interval is 22.73
ms, which is too slow, and the response time of the last
temperature interval is 10.47 ms, which is too fast. To adjust
for these differences in response times due to temperature,
the look-up tables 64a to 64 have different modulating data
for each temperature interval such that the liquid crystal
response time RF for temperatures within each temperature
interval is substantially set to about the same response time.
For example, the modulating data in look-up table for each
temperature interval can be determined such that the
response time for each temperature interval is about 16.67
ms.

The modulating data in the look-up tables 64a to 64n
determines a modulated data voltage MVD based upon
temperature of the liquid crystal display panel 57 and by
comparing the data voltages between the previous frame
Fn-1 and the current frame Fn to satisfy the following

relational equations:
VDn<VDn-1—-MVDn<VDn [0}
VDu=VDn-1—>MVDr=VDn (i)

VDn>VDn-1—-MVDn>VDn (iif)
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In the above relational equations, VDn-1 represents a data
voltage of the previous frame; VDn represents a data voltage
of the current frame; and MVDn represents a data voltage of
modulated data RGB MData.

Such a data modulating procedure is summarized in the
flow chart of FIG. 7. Referring to FIG. 7, at step S71,
modulating data to each a desired response time between
voltages of previous and current frames are established for
a temperature interval within a temperature range and stored
as a look-up table. Thus, a look-up table is stored for each
temperature interval within a temperature range such that the
response time of an LCD is substantially the same through-
out the temperature range. As referred to in step S72, a
temperature T of a liquid crystal display panel is sensed by
a temperature sensor. Then, modulating data is selected from
the corresponding look-up table for the a temperature inter-
val in which sensed temperature falls within, as referred to
in step S73.

In an alternative to the embodiment shown in FIG. 6, a
data modulator 525 can modulate only the most significant
bits MSB of source data, such as, the four-bit unit as shown
in the second embodiment of FIG. 8. The data modulator
52b according to the second embodiment of the present
invention includes a frame memory 83 for receiving a 8-bit
source data, n look-up tables 84a to 84r in which modulat-
ing data for each temperature interval within a temperature
range are stored, a switch 85 for selecting any one of the
modulating data outputted from the n look-up tables 84a to
84 in accordance with a sensed temperature from the liquid
crystal display panel 57.

The frame memory 83 is connected to a most significant
bit bus line 81 of the timing controller 51 to store a 8-bit
source data inputted from the timing controller 51 during
one frame interval. Further, the frame memory 83 applies a
8-bit source data stored every frame to the n look-up tables
84a to 84n. Each of the n look-up tables 844 to 84 includes
modulating data for each temperature interval within a
temperature range. The modulating data of the look-up
tables is used to maintain a consistent response time even
though operating temperatures change or physical properties
of the LCD change due to temperature.

FIG. 9 is a block diagram showing a configuration of a
data modulator 52¢ using an arithmetic unit in accordance
with a third embodiment of the present invention. The data
modulator 52¢ includes a frame memory 93 for receiving
most significant bits, a reference look-up table 94 in which
reference modulating data established on a basis of a refer-
ence temperature has been stored along with ratios for
temperature intervals within a temperature range, an arith-
metic unit 95 for performing an arithmetic operation with
reference modulating data inputted from the reference look-
up table 94 and a ratio in accordance with a sensed tem-
perature from the liquid crystal display panel 57 to derive
modulating data corresponding to the sensed temperature.

The frame memory 93 is connected to a most significant
bit bus line 92 of the timing controller 51 to store most
significant bits MSB inputted from the timing controller 51
during one frame interval. Further, the frame memory 93
supplies most significant bits MSB stored from a previous
frame to the reference look-up table 94 while the most
significant bit bus line 92 provide MSB of a current frame
to the look-up table 94. The reference look-up table 94 stores
reference modulating data for displaying a brightness of a
desired gray level within one frame interval with a prede-
termined liquid crystal response time of, for example, 16.67
ms at a reference temperature of, for example, 20° C. In
addition, the reference look-up table 94 stores ratios of a
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liquid crystal response time for each temperature interval of,
for example, 10° C. within a temperature range of, for
example =5° C. to 65° C. to the response time of reference
temperature interval of, for example 15° C. to 25° C. Both
the interval and range can have any desired value. For
example, the interval can be 1° C. and the range can be from
0° C.to0 80° C.

The arithmetic unit 95 performs a mathematical operation
on the reference modulating data using a ratio of a liquid
crystal response time RT of the temperature interval that the
sensed temperature from the liquid crystal display panel is
within fo the liquid crystal response time RT, . of the
reference temperature interval such that the modulated data
Mdata can be derived. Examples of such ratios are shown as
the “Comparison of Response Time” in Table 2. Deriving
the modulated data MData within the arithmetic unit allows
the liquid crystal display panel 57 to display an image at a
brightness of a desired gray level with a liquid crystal
response time substantially equal to the liquid crystal
response time within the reference temperature interval as
well as at temperatures not with the reference temperature
interval. Hereinafter, assuming that a reference temperature
interval should be about 20° C. and assigned the value 1, an
operation procedure of the arithmetic unit 95 will be
described in detail.

If a currently sensed temperature of the liquid crystal
display panel 57 is higher than the reference temperature
interval, the liquid crystal response time is shorter. Thus,
when a current frame data voltage is larger than the previous
frame data voltage at a temperature higher than the reference
temperature interval, the data voltage must be adjusted to be
lower than a voltage setting of the reference modulating data
set for a liquid crystal response time at the reference
temperature so as to compensate for the shorter liquid crystal
response time. To this end, the arithmetic unit 95 multiplies
a reference modulating data established at a reference tem-
perature by a response time ratio RT/RT,,, or makes an
operation of exponent multiplication with response time
ratio RT/Rt,,, as given in the equations (2) or (3), as follows,
in which the RT/RT, tatio is cotresponds to the temperature
interval in which the temperature was sensed.

Mdata=Mdata, xRT/RT,,,

Mdata=Mdata, R7R7

o g )

For example, if a temperature of the liquid crystal display
panel is 30° C. and the data voltages change from 2 into 4,
then the RT/RT,,, ratio is 0.72, as shown in Table 2, and a
reference modulating data Mdata,, . *5” is selected by the
reference look-up table, such as Table 1. In this case, the
modulating data Mdata outputted from the arithmetic unit 95
is 5x0.72 =0.60 when the operation is made in accordance
with equation (2), which is lower than the Mdata,,- *5’.

When a data voltage of a current frame is smaller than the
data voltage of previous frame at a temperature higher than
the reference temperature interval, the data voltage must be
adjusted to be higher than a voltage setting of the reference
modulating data set to a liquid crystal response time at the
reference temperature so as to compensate for the faster
liquid crystal speed due to the temperature difference. To this
end, an arithmetic unit divides a reference modulating data
established at a reference temperature by a response time
ratio RT/RT,, . or makes an operation of exponent multipli-
cation with an inverted response time ratio RT, /Rt, as given
in the equations (4) or (5), as follows, in which the RT/RT, -
ratio is corresponds to the temperature interval in which the
temperature was sensed.

—
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Mdata=Mdata, . /(RT/RT,,)=Mdata, x(RT, /RT) (4)

Mdata=Mdata, K7, /&

)

For example, if a temperature of the liquid crystal display
panel 57 is 30° C. and data is changed from 7 to 4, then a
response time ratio RT/RT,,-is 12.1/16.7=0.72, as shown in
Table 2, and a reference modulating data Mdata,, . of ‘2’ is
selected by the reference look-up table, as shown in Table 2.
In this case, the modulating data Mdata outputted from the
arithmetic unit 95 is increased to 2+0.72~2.78 when a
mathematical operation is made in a manner according to the
equation (4) at a temperature above the reference tempera-
ture interval to compensate for the increased response speed.

If a currently sensed temperature of the liquid crystal
display panel 57 is lower than the reference temperature
interval, then the liquid crystal response time becomes
longer. For example, if the data voltage of current frame is
larger than the data voltage of a previous frame at a
temperature lower than the reference voltage interval, the
data voltage must be adjusted to be higher than a voltage
setting of the reference modulating data set to a liquid crystal
response time at the reference temperature so as to compen-
sate for the slower liquid crystal speed due to the tempera-
ture difference. To this end, the arithmetic unit multiplies a
reference modulating data established at a reference tem-
perature by a response time ratio RI/RT, . or makes an
operation of exponent multiplication with respect to them as
given in equation (2) or (3) when a temperature is lower than
the reference temperature interval and a gray level is
changed to have a higher value.

For example, if a temperature of the liquid crystal display
panel 57 is 10° C. and a data is changed from 2 into 4, then
a response time ratio RT/RT,is 24.6/16.7=1.47, as shown
in Table 2 and a reference modulating data Mdata,..of 5 is
selected by the reference look-up table, such as Table 1. In
this case, the modulating data Mdata outputted from the
arithmetic unit is increased to 5x1.47=7.35 when an opera-
tion is made in a manner according to the equation (2) at a
temperature lower than the reference temperature interval to
compensate for the slower liquid crystal speed.

When a data voltage of a current frame data is smaller
than the data voltage of previous frame data at a temperature
lower than the reference voltage interval, the data voltage
must be adjusted to be lower than a voltage setting of the
reference modulating data set to a liquid crystal response
time at the reference temperature so as to compensate for the
slower liquid crystal speed due to the temperature difference.
To this end, an arithmetic unit divides a reference modulat-
ing data established at a reference temperature by a response
time ratio RT/RT,,, or makes an operation of exponent
multiplication with an inverted response time ratio RT/Rtr
as given in the equations (4) or (5), as follows, in which the
RT/RT,  ratio is corresponds to the temperature interval in
which the temperature was sensed.

For example, if a temperature of the liquid crystal display
panel is 10° C. and data is changed from 7 into 4, then the
response time ratio RT/RT, ,is 24.6/16.7=1.47, as shown in
Table 2, and a reference modulating data Mdata,-of ‘2" is
selected by the reference look-up table, such as Table 1. In
this case, the modulating data Mdata outputted from the
arithmetic unit is decreased to 2+1.47~1.36 when an opera-
tion is made in a manner according to the equation (4) at a
temperature above the reference temperature interval to
compensate for the increased response speed.

In the above equations, Mdata,, . represents a reference
modulating data, which is stored in a reference look-up
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table; and RT/RT,, represents a ratio for the response time
of a temperature interval to the reference temperature intet-
val. As a result, the arithmetic unit adjusts a reference
modulating data Mdata,, using the equation (2) or (3) when
source data at the current frame Fn becomes larger than
source data at the previous frame Fn-1 like the above
relational equation (i), whereas it adjusts a reference modu-
lating data Mdata,,, using the equation (4) or (5) when
source data at the current frame Fn becomes smaller than
source data at the previous frame Fn-1 like the above
relational equation (iii).

Referring to FIG. 10, the data modulator 524 according to
the fourth embodiment of the present invention includes a
frame memory 103 for receiving a full-bit data source, a
reference look-up table 104 in which a reference modulating
data set to an optimal response time at a reference tempera-
ture has been stored along with ratios for temperature
intervals within a temperature range, an arithmetic unit 105
for performing an arithmetic operation with reference modu-
lating data inputted from the reference look-up table 94 and
a ratio in accordance with a sensed temperature from the
liquid crystal display panel 57 to derive modulating data
corresponding to the sensed temperature.

The frame memory 103 is connected to an output bus line
101 of the timing controller 51 to stores a full-bit source data
inputted from the timing controller 51 during one frame
interval. Further, the frame memory 103 supplies a stored
full-bit source data of a previous frame to the reference
look-up table 104. The reference look-up table 104 store a
reference modulating data set for an optimal response time
at a reference temperature, and selects a reference modulat-
ing data Mdata,-as a result of a comparison between the
previous frame Fn-1 and the current frame Fn to apply it to
the arithmetic unit 105.

The arithmetic unit 105 performs an operation on the
reference modulating data using the above-mentioned
response time ratio RT/RT,,qto thereby derive a modulated
data MData. The derived modulated data MData allows the
liquid crystal display panel to display an image into a
brightness of a desired gray level with a liquid crystal
response time equal to the liquid crystal response time
within a reference temperature interval as well as at a
temperatures within a temperature range outside of the
reference temperature interval.

A data modulation process using an operation procedure
is summarized in flow chart of FIG. 11. Referring to FIG. 11,
at step S111, a reference look-up table that is determined
based on a reference temperature interval is stored along
with ratios of liquid crystal response time for temperature
intervals within a temperature range to a response time of the
liquid crystal within the reference temperature interval. A
temperature T of the liquid crystal display panel is sensed by
a temperature sensor, as referred to in step S112. Then
reference modulating data is determined from the reference
look-up table based on source data from a current frame and
a previous frame, as referred to in step S113. The modulating
data Mdata is derived base upon a response time ratio
corresponding to the temperature interval that the sensed
temperature T is within.

As described above, according to the present invention,
the input voltage to an LCD can be modulated based on the
temperature of the liquid crystal panel by determining
optimal modulating data according to a sensed temperature
of the liquid crystal display panel. Although the present
invention has been explained by the embodiments shown in
the drawings described above, it should be understood to the
ordinary skilled person in the art that the invention is not

20

25

40

45

60

65

12

limited to the embodiments, but rather that various changes
or modifications thereof are possible without departing from
the spirit of the invention. Accordingly, the scope of the
invention shall be determined only by the appended claims
and their equivalents.

What is claimed is:

1. A method of driving a liquid crystal display in which
frames having data values indicate the gray scale for liquid
crystal in a display panel, comprising the steps of:

determining a modulating data value for a first tempera-

ture interval within a temperature range;

storing the modulating data as look-up table;

sensing a temperature of a display panel; and

modulating the input signal to the liquid crystal display

based upon the sensed temperature,

wherein the step of storing includes storing a ratio of a

response time of a liquid crystal at a median value of
the first temperature interval to a response time of
liquid crystal at a median value of another temperature
interval within the temperature range.

2. The method of claim 1, wherein the step of storing
includes storing look-up table for another temperature inter-
val within the temperature range.

3. The method according to claim 1, further comprising
the steps of:

storing a first data from a first frame; and

commonly inputting the first data and a second data from

a second frame to the plurality of look-up tables.

4. A method of driving a liquid crystal display in which
frames having data values indicate the gray scale for liquid
crystal in a display panel, comprising the steps of:

storing a reference look-up table determined on a basis of

a reference temperature interval along with ratios of

liquid crystal response time for temperature intervals

within a temperature range to a response time of the

liquid crystal within the reference temperature interval;
sensing a temperature of the display panel;

determining reference modulating data from the reference

look-up table based on source data from a current frame
and a previous frame;

adjusting said reference modulating data in accordance

with a stored ratio corresponding to the temperature
interval that said sensed temperature is within.

5. The method according to claim 4, further comprising
the steps of:

storing a first data from a first frame; and

commonly inputting the first data and a second data from

a second frame to the look-up table.

6. The method according to claim 4, wherein said refer-
ence modulating data is adjusted in accordance with said
sensed temperature with a mathematical operational using a
stored data value corresponding to a temperature interval
that the sensed temperature is within.

7. The method according to claim 4, wherein, when a data
value of a current frame is larger than a data value of a
previous frame as a result of a data comparison between
frames, said reference modulating data is adjusted in accor-
dance with said sensed temperature with one of the follow-
ing equations:

Mdata=Mdata, xRT/RT,,

Mdata=Mdata, X 7Riref

wherein, Mdata represents a data adjusted in said sensed
temperature; Mdata,, is a reference modulating data; and
RT, /RT is a ratio of a liquid crystal response time RT of the
temperature interval that the sensed temperature from a
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liquid crystal display panel is within to the liquid crystal
response time RT,, -of the reference temperature interval.

8. The method according to claim 4, wherein, when a data
value of a current frame is smaller than a data value of a
previous frame as a result of a data comparison between
frames, said reference modulating data is adjusted in accor-
dance with said sensed temperature with the aid of any one
of the following equations:

Mdata=Mdata, xRT, /RT

ey

Mdata=Mdata, *, T

rej

wherein, Mdata represents a data adjusted in said sensed
temperature; Mdata,, - is a reference modulating data; and
RT, /RT is an inverse ratio of a liquid crystal response time
RT of the temperature interval that the sensed temperature
from the liquid crystal display panel is within to the liquid
crystal response time RT, . of the reference temperature
interval.

9. A driving apparatus for a liquid crystal display for

displaying frames having data, comprising:

a reference look-up table for storing a reference modu-
lating data determined on a basis of a reference tem-
perature interval and for storing ratios of liquid crystal
response time for temperature intervals within the
temperature range to a response time of the liquid
crystal within a reference temperature interval,

a temperature sensor for sensing a temperature of a
display panel; and

an arithmetic unit for adjusting said reference modulating
data in accordance with a stored ratio corresponding to
the temperature interval that said sensed temperature is
within.

10. The driving apparatus according to claim 9, further

comprising:

a frame memory for storing a first data from a first frame
and inputting the first data to the look-up table while a
second set of data is inputted into the look-up table.

11. The driving apparatus according to claim 10, wherein

said look-up table compares said first data and said second
data to thereby select one of the plurality of modulating data
stored in the look-up table.

12. The driving apparatus according to claim 9, wherein,

when a data value of a current frame is larger than a data
value of a previous frame as a result of a data comparison
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between frames, said reference modulating data is adjusted
in accordance with said sensed temperature with one of the
following equations:

Mdata=Mdata, xRT/RT,,,

Mdata:Mdata,EfRT/ R’n,/

wherein, Mdata represents a data adjusted in said sensed
temperature; Mdata,,, is a reference modulating data; and
RT, /RT is a ratio of a liquid crystal response time RT of the
temperature interval that the sensed temperature from the
liquid crystal display panel is within to the liquid crystal
response time RT,,of the reference temperature interval.

13. The driving apparatus according to claim 10, wherein,
when a data value of a current frame is smaller than a data
value of a previous frame as a result of a data comparison
between frames, said reference modulating data is adjusted
in accordance with said sensed temperature with the aid of
any of the following equations:

Mdata=Mdata, xR, /RT

- Rt JRT
Mdata=Mdata, ./,

wherein, Mdata represents a data adjusted in said sensed
temperature; Mdata, . is a reference modulating data; and
RT,,/RT is an inverse ratio of a liquid cyrstal response time
RT of the temperature interval that the sensed temperature
from the liquid crystal display panel is within to the liquid
crystal response time RT, . of the reference temperature
interval.

14. The driving apparatus according to claim 9, further

comprising:

a liquid crystal display panel having a data line supplied
with data and a gate line supplied with a scanning
signal,

a data driver for applying a data inputted from said
arithmetic unit to the data line of the liquid crystal
display panel,

a gate driver for applying said scanning signal to the gate
line of the liquid crystal display panel; and

a timing controller for supplying source data to the
look-up table and for controlling the data driver and the
gate driver.
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