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LIQUID CRYSTAL DISPLAY FOR IMPROVING

DYNAMIC CONTRAST AND A METHOD FOR

GENERATING GAMMA VOLTAGES FOR THE
LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] (a) Field of the Invention

[0002] The present invention relates to a liquid crystal
display (“LCD”) and a method of generating gamma volt-
ages for an LCD and, in particular, to an LCD and a method
of generating gamma voltages for an LCD for improving
dynamic contrast of an image of an LCD by adjusting
gamma voltages based on the brightness of an image.

[0003] (b) Description of the Related Art

[0004] Recently, as personal computers and television sets
are lighter and slimmer, flat panel displays such as liquid
crystal displays (“LCD”) have been developed and put into
practice in various fields to replace cathode-ray tubes
(“CRTs”).

[0005] LCDs display images by adjusting an electric field
applied to liquid crystal material with dielectric anisotropy
interposed between two panels, thereby controlling the
transmittance of light passing through the panels.

[0006] T1.CDs have been used in notebook computers and
desktop monitors. The users of computers have a desire to
see motion pictures using display devices of the computers
under improved multimedia circumstances. However, the
currently used LCDs are inferior to the CRTs in dynamic
contrast. Accordingly, in order to apply the LCDs for tele-
vision sets, it is required to further improve the dynamic
contrast of the LCDs.

[0007] Now, a typical LCD is described with reference to
FIG. 1.

[0008] FIG. 1 shows an entire configuration of a conven-
tional LCD.

[0009] As shown in FIG. 1, a conventional LCD includes
an LCD panel assembly 1 having a plurality of pixels
provided at the intersections of a plurality of gate lines and
a plurality of data lines, a plurality of gate driving integrated
circuits (“ICs”) 2 applying voltage signals for sequentially
scanning the gate lines, a plurality of source driving ICs 3
applying voltage signals for image display to the data lines,
a gamma voltage generator 5 having a plurality of resistors
connected in series for generating a plurality of gamma
voltages, a plurality of analog buffers 6 and 7 for providing
the generated gamma voltages to the source driving ICs 3,
and a timing controller 4 for performing gate on/off control
as well as providing image data and other control signals for
the source driving ICs 3.

[0010] In the above described LCD, the gate driving ICs
2 sequentially turn on the gate lines of the LCD panel
assembly 1 under the gate on/off control of the timing
controller 4. The source driving ICs 3 convert the image data
from the timing controller 4 into voltage signals and then
write the voltage signals to the pixels associated with the
turned-on gate lines, on the basis of the control signals. The
desired images are displayed in this manner.

[0011] A voltage signal for image display is generated by
selecting appropriate one among the gamma voltages, which
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are provided by the gamma voltage generator § via the
analog buffers 6 and 7, corresponding to the image data from
the timing controller 4. That is, the source driving ICs 3
select the voltage signals to be applied to the LCD panel
assembly 1 among the gamma voltages generated by the
voltage division of the resistors of the gamma voltage
generator 5.

[0012] However, the gamma voltages of a conventional
LCD are fixed by the serially-connected resistors such that
the brightness of an image implemented by these gamma
voltages is also unchangeable. In other words, the fixed
gamma voltages of the conventional LCD do not adjust the
brightness of an image which is required when the image is
brighter or darker.

SUMMARY OF THE INVENTION

[0013] The present invention has been made in an effort to
solve the above problems.

[0014] The present invention provides an LCD and a
method of generating a plurality of gamma voltages for an
LCD, which are capable of improving the dynamic contrast
of an image by displaying the image on the basis of gamma
voltages generated by converting digital gamma data for
gamma voltages into analog signals, for adjusting the bright-
ness of the image.

[0015] According to one aspect of the present invention,
an LCD includes: a liquid crystal display panel assembly
having a plurality of pixels provided on crossing areas of a
plurality of gate lines and a plurality of data lines; a gate
driver applying voltage signals for sequentially scanning the
gate lines; a source driver applying voltage signals for image
display to the data lines; a timing controller providing image
data and a control signal for the source driver, providing a
gate line on/off control signal for the gate driver, and
outputting digital gamma data to a digital/analogue (D/A)
converter during a blank duration; the D/A converter con-
nected to the timing controller, the D/A converter converting
the digital gamma data from the timing controller into
analog signals to generate a plurality of gamma voltages and
outputting the gamma voltages to the source driver. The
timing controller may comprise a memory for storing the
digital gamma data. The D/A converter may be connected to
the timing controller via a digital interface.

[0016] According to another aspect of the present inven-
tion, a method of generating a gamma voltage for a liquid
crystal display comprises receiving red, green, and blue data
from a graphic source; calculating an average brightness of
the red, green, and blue data for a frame; determining a
brightness of an image of the frame based on the average
brightness; selecting and transmitting digital gamma data
suitable for the image brightness of the frame; and convert-
ing the selected digital gamma data into an analog signal to
generate a gamma voltage.

[0017] According to further aspect of the present inven-
tion, a method for generating a gamma voltage for a liquid
crystal display, comprises receiving image data from a
graphic source; calculating an average brightness of the
image data for a current frame; determining a brightness of
the frame based on the average brightness of the frame;
adjusting digital gamma data for the current frame based on
the average brightness of the current frame; and generating
a gamma voltage for the current frame in response to the
adjusted digital gamma data.
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[0018] According to the present invention, the gamma
voltages are generated by converting the digital gamma data
from the timing controller into analog signals by the D/A
converter in place of using serially-connected resistors.

[0019] A conventional technique using the serially-con-
nected resistors gives a characteristic curve of gamma
voltages fixed by the resistances of the resistors. On the
contrary, the gamma voltages according to the present
invention may vary depending on the brightness of the
image. For example, the gamma voltages are adjusted for
obtaining high dynamic contrast such that the characteristic
curve of the gamma curve is lowered for a dark image and
is raised for a bright image. The D/A converter according to
the present invention generates the gamma voltages which
are adjustable based on the brightness of the image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]
LCD;

[0021] FIG. 2 illustrates a configuration of an LCD
according to a first embodiment of the present invention;

[0022] FIGS. 3A and 3B are graphs illustrating gamma
voltages used for the LCD shown in FIG. 2;

[0023] FIG. 4 is a flowchart illustrating a method of
generating gamma voltages for an LCD according to the first
embodiment of the present invention; and

[0024] FIG. 5 illustrates a configuration of an LCD
according to a second embodiment of the present invention.

FIG. 1 shows a configuration of a conventional

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0025] Preferred embodiments of the present invention
will be described in detail hereinafter with reference to the
accompanying drawings.

[0026] An LCD and a gamma voltage generating method
therefor according to a first embodiment of the present
invention are described with reference to FIGS. 2 to 4.

[0027] FIG. 2 shows a configuration of an LCD according
to a first embodiment of the present invention.

[0028] As shown in FIG. 2, an LCD according to a first
embodiment of the present invention includes an LCD panel
assembly 10 having a plurality of pixels provided at the
crossing areas of a plurality of gate lines and a plurality of
data lines, a plurality of gate driving ICs 20 applying voltage
signals for sequentially scanning the gate lines, a plurality of
source driving ICs 30 applying voltage signals for image
display to the data lines, a timing controller 40 performing
gate on/off control, providing data for image display
(referred to as “image data” hereinafter) and control signals
for the source driving ICs 30 and generating and outputting
digital data for gamma voltages (referred to as “digital
gamma data” hereinafter) to a digital-to-analogue (“D/A”)
converter 50, and the D/A converter 50 generating a plurality
of gamma voltages by converting the digital gamma data
into analog signals and supplying the gamma voltages to the
source driving ICs 30.

[0029] Although not shown in FIG. 2, the LCD panel
assembly 10 includes a plurality of gate lines extending in a
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transverse direction and a plurality of data lines crossing the
gate lines such that the pixels are located at the cross areas.

[0030] The timing controller 40 sends the image data and
the control signals to the source driving ICs 30 through
signal lines 61 and 62. In addition, the timing controller 40
transmits the digital gamma data to the D/A converter 50 via
a signal line 63 and transmits gate on/off control signals to
the gate driving ICs 20 through other signal lines (not
shown). The D/A converter 50 converts the digital gamma
data from the timing controller 40 into analog signals to
generate a plurality of the gamma voltages and provides the
gamma voltages for the source driving ICs 30 through a
signal line 64. The signal line 64 is configured such that the
gamma voltages are commonly applied to the source driving
ICs 30.

[0031] Once a power is applied to the LCD, the timing
controller 40 generates the gate on/off control signals, the
image data, the control signals, and the digital gamma data
and outputs the signals to the gate driving ICs 20, the source
driving ICs 30, and the D/A converter 50. The gate driving
ICs 20 sequentially turn on the gate lines of the LCD panel
assembly 10 such that the pixels connected to the gate lines
are ready to display images. Each of the source driving ICs
30 sclects one of the gamma voltages from the D/A con-
verter 50 corresponding to each image data from the timing
controller 40 and applies the selected gamma voltages to the
corresponding pixels. The display of an image is actually
enabled by these selected voltages applied to the pixels.

[0032] According to the present invention, the gamma
voltages are generated by converting the digital gamma data
from the timing controller 40 into analog signals by the D/A
converter 50 in place of using serially-connected resistors. A
conventional technique using the serially-connected resis-
tors gives a characteristic curve of gamma voltages (referred
to as “gamma curve” hereinafter) fixed by the resistances of
the resistors. On the contrary, the gamma voltages according
to the present invention may vary depending on the bright-
ness of the image. For example, the gamma voltages are
adjusted for obtaining high dynamic contrast such that the
gamma curve is lowered for a dark image and is raised for
a bright image. The D/A converter 50 according to the
present invention generates the gamma voltages which are
adjustable based on the brightness of the image.

[0033] FIGS. 3A and 3B are graphs illustrating gamma
curves used for the LCD shown in FIG. 2.

[0034] FIG. 3A illustrates a gamma curve for a bright
image and FIG. 3B illustrates a gamma curve for a dark
image. As shown in FIGS. 3A and 3B, an adjusted gamma
curve for a bright image has larger gray data than gray data
of a standard gamma curve, while an adjusted gamma curve
for a dark image has smaller gray data than the gray data of
the standard gamma curve. Accordingly, the dynamic con-
trast is improved by selecting an appropriate gamma curve
depending on the brightness of the image.

[0035] The timing controller 40 generates digital gamma
data based on the gamma curves. A method of generating
gamma voltages according to an embodiment of the present
invention will be described hereinafter with reference to
FIG. 4.

[0036] FIG. 4 is a flowchart illustrating a method of
gencrating gamma voltages according to a first embodiment
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of the present invention. The flow chart shown in FIG. 4
illustrates the generation of digital gamma data by the timing
controller 40 of the LCD.

[0037] Once a power is applied to the LCD (S1), image
data for image display is inputted from an external graphic
source (S2). The image data displays images and includes
RGB data for red, green and blue colors.

[0038] An average brightness Y for one frame, which is a
unit for an image, is calculated on the basis of the inputted
RGB data (S83). The average brightness Y is given by
following Equation 1:

Y=CpxR+CGxG+CyxB, Equation 1

[0039] where Cy, Cg and Cy are weights for red, green and
blue colors, respectively, and R, G and B are averages of the
image data for one frame for red, green, and blue colors,
respectively.

[0040] Subsequently, the brightness of the image is deter-
mined by the calculated average brightness Y for selecting
an appropriate gamma curve depending on the brightness of
the image (S4).

[0041] Asdescribed above, an appropriate gamma curve is
determined so that the selected gamma curve for a bright
image has larger gray data than gray data of a standard
gamma curve, while the selected gamma curve for a dark
image has smaller gray data than the gray data of the
standard gamma curve.

[0042] In order for the adjustment, it is required to deter-
mine whether the brightness for the image of the current
frame is bright or dark, which can be determined by the
calculated average brightness Y. For example, assuming that
the average brightness ranges between 0 and 255, it is
determined that the image of the current frame is dark if the
average brightness Y is less than or equal to 64, while the
image of the current frame is bright if the average brightness
Y is greater than or equal to 192. Furthermore, if the average
brightness Y is greater than 64 and less than 192, the current
frame is determined to be a normal frame representing an
image having a normal brightness.

[0043] The boundary values may be changed depending
on the results of tests or experiments performed by a
designer and the scope of the present invention is not limited
by the boundary values used for determining the average
brightness.

[0044] If it is determined that the image of the current
frame is dark (S4), the timing controller 40 sends a set of
digital gamma data suitable for the gamma curve for a dark
image shown in FIG. 3B to the D/A converter 50 (S5). The
transmission of the digital gamma data is performed during
a blank period located between effective display periods.

[0045] Similarly, if the image of the current frame is
determined to have normal brightness (S4), the timing
controller 40 sends a set of digital gamma data suitable for
the standard gamma curve shown in FIGS. 3A and 3B to the
digital/analog converter 50 (S6). The digital gamma data is
also sent during the blank period.

[0046] If it is determined that the image of the current
frame is bright (S4), the timing controller 40 sends digital
gamma data indicating the gamma curve for a bright image
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shown in FIG. 3A to the D/A converter 50 (S5). The digital
gamma data is sent during the blank period.

[0047] The steps S2 to S7 are repeated frame by frame,
and the completion of the step S7 makes the algorithm return
for generating the gamma voltages for the image data of the
next frame.

[0048] Thus, the gamma curve is determined depending
on the average brightness Y obtained from the image data of
the current frame, and a set of digital gamma data suitable
for the gamma curve is transmitted during the blank period
to be used for displaying the next frame. Although there
exists a delay of one frame, it may be ignored because the
average brightness Y is not abruptly changed between adja-
cent frames and the one-frame delay is not recognized by
human eyes.

[0049] The data transmission from the timing controller 40
to the D/A converter 50 may be performed in series or in
parallel. When the data transmission from the timing con-
troller 40 to the D/A converter 50 is performed in series, the
number of pins used in the timing controller 40 may be
reduced.

[0050] An LCD according to a second embodiment of the
present invention is described with reference to FIG. 5.

[0051] As shown in FIG. 5, an LCD according to the
second embodiment further includes a nonvolatile memory
70 compared with the LCD according to the first embodi-
ment of the present invention.

[0052] The nonvolatile memory 70 stores information
about the gamma curves for dark, normal, and bright images
depending on the brightness of an image.

[0053] Once the LCD is operated, the information about
the gamma curves is transmitted to an inner memory of the
timing controller 40 from the nonvolatile memory 70. Thus,
the LCD may easily update the information about the
gamma curves.

[0054] As described above, in an LCD of the present
invention, digital gamma data generated by a timing con-
troller is converted into analog signals to generate gamma
voltages such that the gamma voltages may be ecasily
adjusted. Accordingly, the gamma voltages may be opti-
mized to the brightness of an image, resulting in enhance-
ment of the dynamic contrast of the T.CD.

[0055] While the invention has been described with ref-
erence to an exemplary embodiment, it will be understood
by those skilled in the art that various changes may be made
and equivalents may be substituted for elements thereof
without departing from the scope of the invention. In addi-
tion, many modifications may be made to adapt a particular
situation or material to the teachings of the invention with-
out departing from the essential scope thereof. Therefore, it
is intended that the invention not be limited to the particular
embodiment disclosed as the best mode contemplated for
carrying out this invention, but that the invention will
include all embodiments falling within the scope of the
appended claims.
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What is claimed is:
1. A liquid crystal display comprising:

a liquid crystal display panel assembly including a plu-
rality of pixels provided on crossing areas of a plurality
of gate lines and a plurality of data lines;

a gate driver applying voltage signals for sequentially
scanning the gate lines;

a source driver applying voltage signals for image display
to the data lines;

a timing controller providing image data and a control
signal for the source driver, providing a gate line on/off
control signal for the gate driver, and outputting digital
gamma data to a digital/analogue (D/A) converter
during a blank duration; and

the D/A converter connected to the timing controller, the
D/A converter converting the digital gamma data from
the timing controller into analog signals to generate a
plurality of gamma voltages and outputting the gamma
voltages to the source driver.

2. The liquid crystal display of claim 1, wherein the
timing controller receives the image data for red, green and
blue colors, calculates an average brightness for one frame,
determines brightness of an image of the frame based on the
calculated average brightness, and generates the digital
gamma data corresponding to the image brightness.

3. The liquid crystal display of claim 2, wherein the
average brightness is determined by:

Y=CoxR+CoxG+CpxB

where Cg, Cq and Cy are weights of the image data for
red, green, and blue colors, respectively, R, G and B are
averages of the image data for red, green and blue
colors, respectively, for the one frame, and Y is the
average brightness.

4. The liquid crystal display of claim 1, wherein the digital
gamma data is transmitted in series from the timing con-
troller to the D/A converter.

5. The liquid crystal display of claim 1, wherein the digital
gamma data is transmitted in parallel from the timing
controller to the D/A converter.

6. The liquid crystal display of claim 1, further comprising
a storage connected to the timing controller for storing the
digital gamma data to be loaded to the timing controller
when a power is applied to the liquid crystal display.

7. The liquid crystal display of claim 1, wherein the
timing controller comprises a memory for storing the digital
gamma data.

8. The liquid crystal display of claim 1, wherein the D/A
converter is connected to the timing controller via a digital
interface.

9. A method of generating a gamma voltage for a liquid
crystal display, the method comprising:

receiving red, green, and blue data from a graphic source;

calculating an average brightness of the red, green, and
blue data for a frame;
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determining a brightness of an image of the frame based
on the average brightness;

selecting and transmitting digital gamma data suitable for
the image brightness of the frame; and

converting the selected digital gamma data into an analog

signal to generate a gamma voltage.

10. The method of claim 9, wherein transmitting the
selected digital gamma data is performed during a blank
period.

11. The method of claim 9, wherein the transmission of
the selected digital gamma data is performed via a digital
interface.

12. The method of claim 11, wherein the transmission of
the selected digital gamma data is performed in series.

13. The method of claim 11, wherein the transmission of
the selected digital gamma data is performed in parallel.

14. A method for generating a gamma voltage for a liquid
crystal display, comprising:

receiving image data from a graphic source;

calculating an average brightness of the image data for a
current frame;

determining whether a brightness of the current frame is
dark or bright based on the average brightness of the
current frame;

adjusting digital gamma data for the current frame based
on the determined brightness of the current frame; and

generating a gamma voltage for the current frame in

response to the adjusted digital gamma data.

15. The method of claim 14, further comprising transmit-
ting the digital gamma data to generate the gamma voltage
during a blank period between display periods.

16. The method of claim 15, further comprising display-
ing an image for a next frame using the gamma voltage.

17. The method of claim 14, wherein calculating the
average brightness is performed by the following equation:

Y=CrxR+CoxG+CpxB

where Y is the average brightness, Cy, Cg5 and Cg are
weights the image data for red, green, and blue colors,
respectively, and R, G and B are averages of the image
data for the red, the green and the blue colors, respec-
tively, for the current frame.

18. The method of claim 14, wherein determining whether
a brightness of the current frame is dark or bright comprises
comparing the average brightness with predetermined
brightness ranges for bright and dark.

19. The method of claim 18, wherein adjusting digital
gamma data for the current frame comprises selecting the
digital gamma data greater than gray data of a standard
gamma curve when the brightness of the current frame is
bright, and selecting the digital gamma data less than the
gray data of the standard gamma curve when the brightness
of the current frame is dark.
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