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7) ABSTRACT

An apparatus for converting a digital pixel signal to a
gamma voltage signal for a pixel in a liquid crystal display
(LCD), wherein the digital pixel signal corresponds to the
pixel. The apparatus includes a pixel signal converting unit
for converting the digital pixel signal to a converted pixel
signal and a gamma correction unit coupled to the pixel
signal converting unit for outputting the gamma voltage
signal according to the converted pixel signal. The relation
between the digital pixel signal and the converted pixel
signal is determined according to a display color of the pixel.
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APPARATUS FOR CONVERTING A DIGITAL
SIGNAL TO AN ANALOG SIGNAL FOR A PIXEL
IN A LIQUID CRYSTAL DISPLAY AND METHOD

THEREFOR

[0001] This application incorporates by reference Taiwan
application Serial No. 090126466, filed Oct. 25, 2001.

BACKGROUND OF THE INVENTION
[0002]

[0003] The invention relates in general to an apparatus for
converting a digital signal to a corresponding analog signal
and a method thereof, and more particularly to an apparatus
for converting a digital pixel signal to a corresponding
analog voltage signal for a liquid crystal display and a
method thereof.

[0004]

[0005] Featuring the favorable advantages of thinness,
lightness, and generating low radiation, liquid crystal dis-
plays (LCDs) have been widely used. The LCD panel
includes a number of pixels, and the light transmittance of
each pixel is determined by the voltage difference between
the upper plate voltage and the lower plate voltage. The light
transmittance of every pixel is typically non-linear with
respect to the voltage applied across the pixel. Thus, gamma
correction is performed to reduce color distortion by adjust-
ing the lightness or darkness of pixels of the LCD panel.

[0006] FIG. 1 shows the gamma relation between the
gamma voltage applied to a pixel and the luminance of the
pixel. The X-axis represents the gamma voltage applied to
the pixel, that is, the voltage difference between the upper
plate and the lower plate voltages and the Y-axis represents
the light transmittance of the corresponding pixel (T). When
the magnitude of the upper plate voltage is fixed at a value,
for example, Vcom, the voltage difference between the
upper plate voltage and lower plate voltage is determined by
the magnitude of the lower plate voltage. The corresponding
relation between the lower plate voltage and the light
transmittance of the pixel is nonlinear, as shown by the
gamma curve in FIG. 1.

[0007] In addition, the gamma curve is symmetric with
respect to the voltage of Vcom because the light transmit-
tance of the pixel relates to the voltage across the pixel and
is independent of the polarities of the voltages applied to the
pixel. If two gamma voltages with the same magnitude but
opposite polarities, for example, a positive gamma voltage
Va and a negative gamma voltage Vb, are individually
applied to the pixel, the light transmittance of the pixel is
identical (TO). In other words, if the upper plates of two
pixels are supplied with the voltage Vcom and the lower
plate of one pixel is supplied with the voltage Va and the
lower plate of another pixel is supplied with the voltage Vb,
the luminance of the two pixels will be identical.

[0008] The liquid crystal molecules may deteriorate if a
pixel of the LCD panel is supplied with voltages in the same
polarity continually. Hence, the liquid crystal molecules can
be protected by applying voltages in opposite polarity alter-
nately across the upper and lower plates for each pixel. In
other words, when a pixel has to emit at a luminance
continuously, voltages in opposite polarities can be applied
across the upper and the lower plates alternately by changing

1. Field of the Invention
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two different voltages across the upper and lower plates for
the pixel alternately. In this way, deterioration of the pixel
can be avoided.

[0009] FIG. 2 shows a block diagram of a nonlinear
digital-to-analog converter (D/A converter) 202. The driving
circuit of the liquid crystal display includes a nonlinear
digital-to-analog converter 202 for converting the digital
pixel signal (DATA) to the corresponding analog gamma
voltage signal (OUT). Since the relation between the lumi-
nance of the pixel and the gamma voltage is not linear, the
corresponding relation between digital pixel signal (DATA)
and the analog gamma voltage signal (OUT) is determined
according to the gamma curve. This process is called gamma
correction. The corresponding relation between the digital
pixel signal (DATA) and the luminance of the pixel is then
approximated as linear by executing the gamma correction
using the nonlinear digital-to-analog converter 202.

[0010] FIG. 3 shows a gamma curve, which is for use in
the nonlinear digital-to-analog converter to perform gamma
correction. The X-axis represents the data value of the
digital pixel signal and the Y-axis represents the gamma
voltage signal. The gamma curve shown in FIG. 3 includes
a positive polarity gamma curve 404 and a negative polarity
gamma curve 402. Each digital pixel signal corresponds to
a positive polarity gamma voltage signal on the positive
polarity gamma curve 404 or a negative polarity gamma
voltage signal on the negative polarity gamma curve 402.
The points A, B, C, D and E chosen from the positive
polarity gamma curve 404 and the points A', B, C', D' and
E' chosen from the negative polarity gamma curve 402 are
specific reference points. According to the gamma curve
shown in FIG. 3, each reference point corresponds to a
reference gamma voltage signal (GMV) and a reference
digital pixel signal. When performing the gamma correction,
the nonlinear digital-to-analog converter 202 converts each
digital pixel signal to the corresponding gamma voltage
signal by interpolation according to the relationship between
the reference gamma voltage signal (GMV) and the corre-
sponding reference digital pixel signal.

[0011] FIG. 4 shows a conventional apparatus for output-
ting the gamma voltage signals according to the reference
gamma voltage signals, wherein the conventional apparatus
for outputting the gamma voltage signals includes two
strings of resistors. Each resistor string includes 255 resis-
tors (RO~R254), five input nodes (VO~V4, V5~V9) for
receiving the reference gamma voltage signals, and 256
output nodes for outputting the gray level voltage signals.
When the gamma correction is executed, the gamma output
voltage signal corresponding to the digital pixel signal can
be determined according to the gray level voltage signals.

[0012] FIG. 5 shows the diagram of the pixel P(N,M). The
driving circuit of the pixel P(N,M) includes a thin film
transistor T(N,M) and a pixel capacitor C(N,M). The gate
electrode of the transistor T(N,M) is coupled to the scan line
(SN) Sy; the source electrode of the transistor T(N,M) is
coupled to the data line (DM) Dy,; and the drain electrode
of the transistor T(N,M) is coupled to the pixel capacitor
C(N,M). When the transistor T(N,M) is turned ON through
enabling the scan line S, the gamma voltage output signal
is delivered to the pixel capacitor C(N,M) through the data
line DM and the transistor T(N,M). The luminance of the
pixel P(N,M) can be determined by data value of the gamma
voltage output signal.
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[0013] 1In a color LCD, a picture frame is displayed based
on a pixel element, called a color pixel or pixel simply,
including three sub-pixels for displaying primary colors, that
is, red, green, and blue. The three sub-pixels of a color pixel
are supplied with separate gamma voltage signals outputted
by the driving circuit of the color LCD after gamma cor-
rection. The pixel can thus display different colors by
changing the brightness of the three sub-pixels individually.

[0014] FIG. 6 shows three different gamma curves,
marked “R”, “G”, and “B”, for the primary colors, red,
green, and blue, respectively. According to the “R”, “G”, and
“B” gamma curves, the gamma voltages corresponding to
the maximum luminance of the sub-pixels are Vyy,, Vi
and Vg, for red, blue, and green respectively. The magni-
tude of Vi, is smaller than that of V54, and V,, is smaller
than Vias (Vem<Vem<Vrw)- The nonlinear digital-to-ana-
log converter conventionally predetermines the maximum
magnitude of the gamma voltage signal to be Vg, for
gamma correction. Based on this magnitude of Vy,all
other gamma voltage signals corresponding to the digital
pixelsignals are determined. Therefore, the relation between
digital pixel signals and the corresponding gamma voltage
signals is fixed and independent of the display color of the
pixel corresponding to the digital pixel signal. Unfortu-
nately, this conventional gamma correction method disad-
vantageously causes the luminance of a pixel being unable
to reach its maximum value when the display color of the
pixelis red or green, because the maximum magnitude of the
gamma voltage signal is set t0 Vg, while Vg, is smaller
than that of Vg, and Vg, is smaller than Vg,
(Vam<Veu<Vrm)- In this way, optimum display quality of
the LCD panel becomes unachievable and the display per-
formance would be degraded.

SUMMARY OF THE INVENTION

[0015] It is therefore an object of the invention to provide
an apparatus for converting a digital pixel signal to a
corresponding gamma voltage signal and a method therefor
so as to enable the pixels of a display panel to achieve
optimum brightness in displaying different colors. If the
digital pixel signal indicates its maximum gray level for a
sub-pixel of a specific primary color, the sub-pixel display
color can reach its maximum luminance for that color. In this
manner, the brightness of the whole display panel can be
optimally improved, enhancing the performance of the dis-
play panel.

[0016] Additionally, another object of the invention is to
reduce the response speed of the pixel while improve the
brightness of each pixel, thus reducing the reaction time of
the pixel and further enhancing the performance of the
display panel.

[0017] The invention achieves the object identified above
by providing an apparatus for converting a digital pixel
signal to a gamma voltage signal for enabling a pixel in a
liquid crystal display (LCD), wherein the digital pixel signal
corresponds to the pixel. The apparatus of the invention
includes a pixel signal converting unit for converting the
digital pixel signal to a converted pixel signal and a gamma
correction unit coupled to the pixel signal converting unit for
converting the converted pixel signal into the gamma volt-
age signal and outputting the gamma voltage signal. The
gamma correction unit can perform the gamma correction on
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the basis of a number of reference gamma voltage signals,
for example. The conversion between the digital pixel signal
and the converted pixel signal is determined according to a
display color of the pixel. The relation between the con-
verted pixel signal and the gamma voltage signal can be
determined by using the relationship between a number of
reference gamma voltage signals and the corresponding
reference digital pixel signals

[0018] According to the object of the invention, a method
for converting a digital pixel signal to a gamma voltage
signal is provided, wherein the digital pixel signal corre-
sponds to a pixel in a display panel. First, the digital pixel
signal is received. Second, the digital pixel signal is con-
verted to a converted pixel signal, wherein the relation
between the digital pixel signal and the converted pixel
signal is determined according to the display color of the
pixel. Next, the converted pixel signal is converted to the
gamma voltage signal by performing gamma correction. The
gamma voltage signal is finally outputted.

[0019] According to the another object of the invention, a
method for converting a digital pixel signal to a gamma
voltage signal for a pixel in a display panel is provided,
wherein the gamma voltage signal is used for applying to a
pixel after a last gamma voltage signal is applied to the pixel,
and the last gamma voltage corresponds to a last digital pixel
signal. The method includes the following steps. First, the
digital pixel signal is received. If the digital pixel signal and
the last digital pixel signal are different in value, the digital
pixel signal is converted to the converted pixel signal equal
to a dynamic converted pixel signal, wherein the relation
between the digital pixel signal and the dynamic converted
pixel signal is determined according to a display color of the
pixel, the digital pixel signal, and the last digital pixel signal.
If the digital pixel signal and the last digital pixel signal are
equal in value, the digital pixel signal is converted to the
converted pixel signal equal to a static converted pixel signal
according to the value of the digital pixel signal, wherein the
relation between the digital pixel signal and the static
converted pixel signal is determined according to the display
color of the pixel. After that, the converted pixel signal is
converted to the gamma voltage signal, for example, by
performing gamma correction on the basis of a number of
reference gamma voltage signals. The gamma voltage signal
is then outputted.

[0020] Other objects, features, and advantages of the
invention will become apparent from the following detailed
description of the preferred but non-limiting embodiments.
The following description is made with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 (Prior Art) shows the gamma relation
between the gamma voltage and the Iuminance of a pixel.

[0022] FIG. 2 (Prior Art) shows the block diagram of a
nonlinear digital-to-analog converter (D/A converter).

[0023] FIG. 3 (Prior Art) shows a gamma curve, which is
for use in the nonlinear digital-to-analog converter to per-
form gamma correction.

[0024] FIG. 4 (Prior Art) shows a conventional apparatus
for outputting the gamma voltage signals according to the
reference gamma voltage signals.
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[0025] FIG. 5 (Prior Art) shows the diagram of the pixel
P(N,M).
[0026] FIG. 6 (Prior Art) shows three different gamma

curves for red, blue, and green respectively.

[0027] FIG. 7 shows a block diagram of a digital-to-
analog converting apparatus according to a first embodiment
of the present invention.

[0028] FIG. 8 shows a flow chart of a gamma correction
method executed by the digital-to-analog converting appa-
ratus shown in FIG. 7.

[0029] FIG. 9 shows three different gamma curves for red,
blue, and green respectively.

[0030] FIG. 10 shows a flow chart of the gamma correc-
tion method according to a second embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0031] The feature of the present invention is that the
display color of the sub-pixel corresponding to the digital
pixel signal is involved in converting the digital pixel signal
into a converted pixel signal for gamma correction. The
relation between each digital pixel signal and the corre-
sponding analog gamma voltage signal is determined
according to the specific gamma curve for the specific
primary color. In this manner, all pixels, regardless of the
display color, can reach its maximum luminance. Thus, the
performance of the display panel can be improved.

[0032]

[0033] FIG. 7 shows the block diagram of the digital-to-
analog converting apparatus according to the first embodi-
ment of the present invention. The digital-to-analog con-
verting apparatus 702 is for use in the driving circuit of the
liquid crystal display for converting the digital pixel signal
to the corresponding gamma voltage signal. The digital-to-
analog converting apparatus 702 can thus be employed to
substitute for the conventional nonlinear digital-to-analog
converting unit in order to obtain improved display perfor-
mance. The digital-to-analog converting apparatus 702
includes a pixel signal converting unit 704 for converting the
digital pixel signal (DATA) to the corresponding converted
pixel signal (TD) and a gamma correction unit 706 for
executing gamma correction to convert the converted pixel
signal (TD) into a gamma voltage signal (OUT) and output
the gamma voltage signal (OUT), wherein the gamma
correction unit 706 is coupled to the pixel signal converting
unit 704. In addition, the gamma voltage signals (OUT)
outputted by the gamma correction unit 706 form a range,
which can be referred to as a gamma voltage signal range,
with respect to the display color of the pixel, for example,
the display color of the respective sub-pixel of a color pixel
in a display panel. Each range includes a gamma voltage
signal which enables the pixel to display the display color in
the maximum luminance of the pixel. The gamma correction
unit 706 can perform the gamma correction on the basis of
a plurality of reference gamma voltage signals. The gamma
correction unit 706 converts the converted pixel signal into
the gamma voltage signal, for example, according to the
relationship between the reference gamma voltage signals

First Embodiment
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and their corresponding reference digital pixel signals. In
this case, the reference gamma voltages can be applied to the
gamma correction unit 706.

[0034] FIG. 8 shows the flow chart of the gamma correc-
tion method executed by the digital-to-analog converting
apparatus shown in FIG. 7. The gamma correction method
of this embodiment includes the following steps. First, the
digital pixel signal (DATA) is inputted into the digital-to-
analog converting apparatus 702, as indicated in step 802.
The pixel signal converting process is then performed in step
804 to convert the digital pixel signal (DATA) into a
converted pixel signal (TD) by, for example, the pixel signal
converting unit 704. Next, the gamma correction process is
performed in step 806. In step 806, the converted pixel
signal is fed into the gamma correction unit 706 to output the
corresponding gamma voltage signal (OUT). Finally, in step
808, the gamma voltage signal (OUT) is outputted.

[0035] The following is to describe the pixel signal con-
verting process in step 804 in details. Suppose each digital
pixel signal (DATA) and each corresponding converted pixel
signal (TD) are eight-bit binary signals. As mentioned
above, the relation between the digital pixel signal (DATA)
and the corresponding converted pixel signal (TD) is deter-
mined according to the display color of the corresponding
sub-pixel. For example, two digital pixel signals (DATA)
indicative of the same data value may correspond to two
different converted pixel signals (TD) if the display colors of
the corresponding sub-pixels are different.

[0036] FIG. 9 shows three different gamma curves,
marked “R”, “G”, and “B”, for red, green, and blue respec-
tively. Each color corresponds to the specific gamma curve.
According to the “R”, “G”, and “B” gamma curves, the
gamma voltage corresponds to the maximum luminance for
red, blue, and green is Vzy,, Via,and Vigy, respectively. The
magnitude of Vg, is smaller than Vg, ,,and Vi, is smaller
than Viys (Vem<Vem<Vra)- The maximum magnitude of
the gamma voltage signal can be set to Vg, instead of Vigy,,
according to the present invention. All other gamma voltage
signals corresponding to the digital pixel signals are deter-
mined based on the magnitude of Vg4, In addition, the
relation between each digital pixel signal and the corre-
sponding analog gamma voltage signal relates to the display
color of the corresponding sub-pixel.

[0037] The pixel signal converting process can be per-
formed by using a mapping table in the pixel signal con-
verting unit 704, wherein the mapping table stores data for
relating 6-bit binary digital pixel data to their corresponding
6-bit binary converted pixel data. As described above, the
pixel signal converting process in step 804 is performed to
convert the digital pixel signals DATA for the sub-pixels for
displaying primary colors, that is, red sub-pixel, green
sub-pixel, and blue sub-pixel, into the corresponding con-
verted pixel signals individually. The purpose of performing
the pixel converting process is to adjust the digital pixel
signal to the gamma correction process, that is, to make a
signal to be fed into the gamma correction unit 706 obey a
rule. In other words, the digital pixel signals DATA for
sub-pixels displaying different colors, as well as the relations
between the gamma voltages and luminance of the different
sub-pixels, are different but the corresponding converted
pixel signal TD of the digital pixel signals DATA can obey
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arule that, for example, the magnitude of the gamma voltage
signal increases with data value indicated by the converted
pixel signal.

[0038] As canbe examined in FIG. 9, the relation between
the gamma voltages and luminance of the red sub-pixels
obeys this rule. The pixel converting process can be
designed based on this case.

[0039] When the maximum magnitude of the gamma
voltage signal in the gamma correction process is set to
Virawthe relation between the gamma voltage signal and the
luminance of the corresponding sub-pixel obeys the above
rule if the display color of the corresponding sub-pixel is
red. Therefore, when the pixel signal converting step 804 is
performed for the digital pixel signal for the red sub-pixel,
the magnitude of the converted pixel signal is set to the same
as that of the digital pixel signal. Thus, the red sub-pixel can
reach its maximum luminance when receiving the largest
gamma voltage signal V.

[0040] As for the digital pixel signals to be applied to
sub-pixels for displaying blue or green, the relation between
the gamma voltage signal and the luminance of the corre-
sponding sub-pixels, as indicated by the curves “B” or “G”
in FIG. 6, does not obey the above mentioned rule if the
maximum gamma voltage signal is predetermined to be
Vi Teke the gamma voltage signal for the green sub-pixel
for example. When the magnitude of the gamma voltage
signal is larger than Vg,,, the luminance of the sub-pixel
decreases with the gamma voltage signal. Therefore, the
pixel signal converting process performed in the step 804 is
to adjust the digital pixel signal for displaying blue or green
to the gamma correction process based on the predetermined
maximum gamma voltage Vy,,. In other words, when the
digital pixel signals correspond to blue or green sub-pixels,
the pixel signal converting unit 702 converts these digital
pixel signals pixel into corresponding converted pixel sig-
nals that obey the above rule.

[0041] The pixel converting method for converting digital
pixel signals for green or blue sub-pixels into the corre-
sponding converted pixel signals is to map the values
indicated by these digital pixel signal onto corresponding
ranges determined by the display color of the sub-pixels,
wherein each range, which can be referred to as a converted
pixel value range, has a maximum value that corresponds to
the gamma voltage which enables the corresponding sub-
pixel to achieve its maximum luminance. For example, the
digital pixel signal corresponding to the gamma voltage
signal Vg, is set to indicate a maximum value of 255 in
decimal so as to enable a red sub-pixel to achieve its highest
transmittance. The value of a digital pixel signal correspond-
ing to the gamma voltage signal Vg, then must be con-
verted into a number smaller than 255 (since V3, <Viao:
for example, 240, in order to enable a green sub-pixel to
reach its highest transmittance. When the pixel signal con-
verting step 804 is performed and the digital pixel signals
correspond to green sub-pixels, the digital pixel signals
indicating numbers ranging from 0 to 255 can be converted
into the converted pixel signals indicating numbers ranging
from 0 to 240. Thus, the converted pixel signal for a green
sub-pixel is set to indicate values within the range of 0 to 240
and the green sub-pixel obtains its maximum luminance
when the corresponding converted pixel signal indicates a
value of 240 .
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[0042] When step 804 is performed, some digital pixel
signals for green sub-pixels should be mapped onto the
converted pixel signals indicating the same value because
the range of gray values indicated by the converted pixel
signal (from 0 to 240) for green sub-pixels is smaller than
that indicated by the digital pixel signal (from O to 255) for
red sub-pixels. The digital pixel signals of adjacent gray
values that are difficult to be discriminated by human eyes
can be mapped onto the converted pixel signals of the same
value. The human eyes are difficult to discriminate the pixels
that are nearly bright. For example, if the maximum gray
level of a pixel is 255, human eyes are difficult to discrimi-
nate the pixel at 255 from the pixel at 254. Therefore, two
digital pixel signals indicating adjacent gray levels, such as
255 and 254 can be mapped onto the same converted pixel
signal, such as 240, when the two digital pixel signals
correspond to green sub-pixels. Thus, the relation between
each digital pixel signal for green sub-pixels and the corre-
sponding converted pixel signal can be determined in this
manner.

[0043] For the digital pixel signals corresponding to blue
sub-pixels, the relation between each digital pixel signal and
the corresponding converted pixel signal can be determined
in the similar manner disclosed above. All these relations
between each digital pixel signal and the corresponding
converted pixel signal can be set in the mapping table in the
pixel signal converting unit 704.

[0044] Hence, for a specific kind of primary color sub-
pixels on the display panel, the corresponding converted
pixel signals obtained as described above are within a
respective range with a maximum value that corresponds to
the gamma voltage which enable the corresponding sub-
pixels to obtain their maximum luminance. The converted
pixel signal is then fed into the gamma correction unit 706,
as indicated in step 806, to convert the converted pixel signal
to the corresponding gamma voltage signal. Thus, the
gamma correction executed by the digital-to-analog convert-
ing apparatus of the first embodiment is accomplished. In
this manner, the brightness of the whole display panel can be
optimally improved, enhancing the performance of the dis-
play panel.

[0045] Second Embodiment

[0046] FIG. 10 shows the flow chart of the digital-to-
analog converting method according to the second embodi-
ment of the present invention. The gamma correction
method of the second embodiment of the invention includes
the following steps.

[0047] First, in step 1002, the digital pixel signal (DATA)
is inputted into the digital-to-analog converting apparatus
702. Step 1004 is then performed to determine whether the
digital pixel signal needs to be converted into a converted
pixel signal by dynamic conversion. In the second embodi-
ment, the pixel signal converting process includes a dynamic
converting process 1008 and a static converting process
1006. The dynamic converting process and the static con-
verting process are disclosed in the following specification.

[0048] Because of the physical characteristics of the liquid
crystal molecules, it takes a reaction time for the pixel to
change its luminance when the magnitude of the receiving
gamma voltage signal changes. The reaction time affects the
response speed of the pixel in changing to the desired
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brightness. The longer the reaction time is, the slower the
response speed becomes. The conventional method for
increasing the response speed of the pixel is referred to as
overdrive and is described as follows. When the luminance
of the pixel is changing from low luminance (LI) to high
luminance (Lh), the response speed of the pixel is increased
by applying an overdrive gamma voltage signal (OUT')
higher than the gamma voltage (OUT) corresponding to the
high luminance (Lh) to the pixel in the next frame. Since the
magnitude of the overdrive gamma voltage signal (OUT")is
larger than the ordinary gamma voltage signal (OUT), the
luminance of the pixel can change from the low luminance
(LD to the high luminance (Lh) more rapidly and the
reaction time of the pixel can be reduced. Conversely, when
the luminance of the pixel is changing from the high
luminance (Lh) to the low luminance (LI), the response
speed of the pixel is increased by applying an overdrive
gamma voltage signal (OUT")lower than the gamma voltage
signal (OUT) corresponding to the low luminance (LI) in the
next frame. Since the magnitude of the overdrive gamma
voltage signal (OUT")is smaller than the ordinary gamma
voltage signal (OUT), the luminance of the pixel can change
from high luminance (Lh) to low luminance (LI) more
rapidly and the reaction time of the pixel can be reduced.

[0049] In this embodiment of the present invention, the
method of over-driving can be incorporated in determining
the relation between each digital pixel signal and the cor-
responding converted pixel signal. For a sub-pixel, the
converted pixel signal can be determined according to not
only the digital pixel signal of the present frame (DATA) but
also the digital pixel signal of the last frame (DATA). This
pixel data converting process is called the dynamic convert-
ing process.

[0050] When step 1004 is performed, the pixel signal
converting unit 704 compares the digital pixel signal of the
last frame (DATA') and that of the present frame (DATA) for
the same corresponding pixel. If the value of the digital pixel
signal of the present frame (DATA) is the same as that of the
last frame (DATA'), the static converting process 1006 is
performed. Otherwise, the dynamic converting process 1008
is performed.

[0051] The static converting process employed in the
second embodiment is the same as the pixel signal convert-
ing process described in the first embodiment. The relation
between each digital pixel signal and the corresponding
analog gamma voltage signal is determined according to the
specific gamma curve for the display color of the sub-pixel
corresponding to the digital pixel signal. The relation
between each digital pixel signal and the corresponding
converted pixel signal is stored in the mapping table in the
pixel signal converting unit 704.

[0052] The dynamic converting process 1008 is performed
if the value of the digital pixel signal of the present frame
(DATA) is different from that of the last frame (DATA'). If
the value of the digital pixel signal of the present frame
(DATA) is greater than that of the last frame (DATA"), the
luminance of the corresponding pixel will change from low
luminance to high luminance. In this case, the difference
between the digital pixel signal of the present frame (DATA)
and that of the last frame (DATA') indicates the overdrive
converted pixel signal (TD") has a value larger than the
ordinary converted pixel signal (TD) corresponding to the
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digital pixel signal of the present frame (DATA). The greater
the difference is, the larger the value of the overdrive
converted pixel signal has. When the gamma correction
process of step 1010 is performed, the overdrive converted
pixel signal (TD') is converted into an overdrive gamma
voltage signal (OUT") that is larger than the ordinary gamma
voltage signal (OUT) corresponding to the ordinary con-
verted pixel signal (TD). The luminance of the pixel can thus
change from low luminance to high luminance more rapidly
and the reaction time of the pixel can be reduced. If the value
of the digital pixel signal of the present frame (DATA) is
smaller than that of the last frame (DATA'), the luminance of
the corresponding pixel will change from high luminance to
low luminance. The greater difference between the digital
pixel signal of the present frame (DATA) and that of the last
frame (DATA) signifies the smaller value of the overdrive
converted pixel signal (TD'). The value of the overdrive
converted pixel signal (TD")can be smaller than the ordinary
converted pixel signal (TD) corresponding to the digital
pixel signal of the present frame (DATA). In this case, when
the gamma correction process of the process 1010 is per-
formed, the magnitude of the overdrive gamma voltage
signal (OUT")corresponding to the overdrive converted pixel
signal (TD")must be smaller than the ordinary gamma volt-
age signal (OUT) corresponding to the ordinary converted
pixel signal (TD). In step 1008, the overdrive converted
pixel signal can be produced by, for example, using the
mapping table in the pixel converting unit 704. Finally, the
overdrive gamma voltage signal is outputted, as indicated in
step 1012. Therefore, the luminance of the pixel can change
from high luminance to low luminance more rapidly and the
reaction time of the pixel can be reduced.

[0053] In the second embodiment, the relation between
each digital pixel signal and the corresponding analog
gamma voltage signal is determined according to not only
the specific gamma curve for the display color of the
sub-pixel corresponding to the digital pixel signal but also
the digital pixel signal of the last frame for the same pixel.
Therefore, the sub-pixels for different primary colors can
reach their maximum luminance if the corresponding digital
pixel signals indicate their maximum gray level values.
Thus, the performance of the display panel can be improved
and the reaction time of the pixel can be reduced.

[0054] As disclosed above, a sub-pixel of a specific pri-
mary color can reach its maximum luminance for the display
color of the sub-pixel if the corresponding digital pixel
signal indicating a maximum gray level is converted into a
gamma voltage signal according to the invention for apply-
ing to the sub-pixel. In this manner, the brightness of the
whole display panel can be optimally improved, enhancing
the performance of the display panel. The maximum bright-
ness of the pixels in displaying green and red can be
respectively increased by about 5% and about 12% , as
compared to the conventional method. In addition, the
luminance of the whole LCD can be increased by about 10%
to about 20% . Morcover, the overdrive method can be
employed in the invention to increase the response speed of
changing the brightness of the pixels, thus resulting in the
reduction in response time of the pixels.

[0055] While the invention has been described by way of
examples and in terms of preferred embodiments, it is to be
understood that the invention is not limited thereto. On the
contrary, it is intended to cover various modifications and
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similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and
similar arrangements and procedures.

What is claimed is:

1. An apparatus for converting a digital pixel signal to a
gamma voltage signal for enabling a pixel in a liquid crystal
display (LCD), wherein the digital pixel signal corresponds
to the pixel, the apparatus comprising:

a pixel signal converting unit for converting the digital
pixel signal to a converted pixel signal, wherein the
relation between the digital pixel signal and the con-
verted pixel signal is determined according to a display,
color of the pixel; and

a gamma correction unit coupled to the pixel signal
converting unit for converting the converted pixel
signal into the gamma voltage signal and outputting the
gamma voltage signal.

2. The apparatus according to claim 1, wherein the display
color of the pixel is selected from the group consisting of
red, blue, and green.

3. The apparatus according to claim 2, wherein the gamma
correction unit outputs the gamma voltage signal forming a
gamma voltage signal range with respect to the display color
of the pixel, where the gamma voltage signal range includes:

a first gamma voltage signal that enables the pixel to
display the display color in maximum luminance of the
pixel if the display color of the pixel is red,

a second gamma voltage signal that enables the pixel to
display the display color in maximum luminance of the
pixel if the display color of the pixel is blue; and

a third gamma voltage signal that enables the pixel to
display the display color in maximum luminance of the
pixel if the display color of the pixel is green.

4. The apparatus according to claim 3, wherein the value
of the converted pixel signal is within a converted pixel
value range determined by the display color of the pixel.

5. The apparatus according to claim 4, wherein the pixel
signal converting unit converts the digital pixel signal into
the converted pixel signal indicating 2 maximum value of
the converted pixel value range if the digital pixel signal
indicates a maximum value.

6. The apparatus according to claim 5, wherein the gamma
correction unit converts the converted pixel signal indicating
the maximum value of the converted pixel value range into
the first gamma voltage signal if the display color of the
pixel is red.

7. The apparatus according to claim 5, wherein the gamma
correction unit converts the converted pixel signal indicating
the maximum value of the converted pixel value range into
the second gamma voltage signal if the display color of the
pixel is blue.

8. The apparatus according to claim 5, wherein the gamma
correction unit converts the converted pixel signal indicating
the maximum value of the converted pixel value range into
the third gamma voltage signal if the display color of the
pixel is green.

9. The apparatus according to claim 1, wherein the digital
pixel signal and the converted pixel signal are both n-bit
binary data signals.

10. The apparatus according to claim 1, wherein the
apparatus is set in a driving circuit of the liquid crystal
display.
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11. The apparatus according to claim 1, wherein the
gamma correction unit converts the converted pixel signal
into the gamma voltage signal on the basis of a plurality of
reference gamma voltage signals.

12. A method for converting a digital pixel signal to a
gamma voltage signal, wherein the digital pixel signal
corresponds to a pixel in a display panel, the method
comprising the steps of:

a. receiving the digital pixel signal;

b. converting the digital pixel signal to a converted pixel
signal, wherein the relation between the digital pixel
signal and the converted pixel signal is determined
according to a display color of the pixel,

c. converting the converted pixel signal to the gamma
voltage signal by performing gamma correction; and

d. outputting the gamma voltage signal.

13. The method according to claim 12, wherein the
display color is selected from the group consisting of red,
blue, and green.

14. The method according to claim 13, wherein in said
step ¢, the converted pixel signal is converted to the gamma
voltage signal forming a gamma voltage signal range with
respect to the display color of the pixel, where the gamma
voltage signal range includes:

a first gamma voltage signal that enables the pixel to
display the display color in maximum luminance of the
pixel if the display color of the pixel is red,

a second gamma voltage signal that enables the pixel to
display the display color in maximum luminance of the
pixel if the display color of the pixel is blue; and

a third gamma voltage signal that enables the pixel to
display the display color in maximum luminance of the
pixel if the display color of the pixel is green.

15. The method according to claim 14, wherein in said
step b, the value of the converted pixel signal is within a
converted pixel value range determined by the display color
of the pixel.

16. The method according to claim 15, wherein in said
step b, the digital pixel signal is converted into the converted
pixel signal indicating a maximum value of the converted
pixel value range if the digital pixel signal indicates a
maximum value.

17. The method according to claim 16, wherein the
converted pixel signal indicating the maximum value of the
converted pixel value range is converted into the first
gamma voltage signal if the display color of the pixel is red.

18. The method according to claim 16, wherein the
converted pixel signal indicating the maximum value of the
converted pixel value range is converted into the second
gamma voltage signal if the display color of the pixel is blue.

19. The method according to claim 16, wherein the
converted pixel signal indicating the maximum value of the
converted pixel value range is inverted into the third gamma
voltage signal if the display color of the pixel is green.

20. The method according to claim 12, wherein the digital
pixel signal and the converted pixel signal are both n-bit
binary data signals.

21. The method according to claim 12, wherein the
method is applied to a driving circuit of the liquid crystal
display.

22. The method according to claim 12, wherein in said
step ¢, the converted pixel signal is converted into the
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gamma voltage signal by performing gamma correction on
the basis of a plurality of reference gamma voltage signals.

23. A method for converting a digital pixel signal to a
gamma voltage signal for a pixel in a display panel, wherein
the gamma voltage signal is used for applying to a pixel after
a last gamma voltage signal is applied to the pixel, and the
last gamma voltage signal corresponds to a last digital pixel
signal, the method comprising:

receiving the digital pixel signal;

converting the digital pixel signal to the converted pixel
signal equal to a dynamic converted pixel signal if the
digital pixel signal and the last digital pixel signal are
different in value, wherein the relation between the
digital pixel signal and the dynamic converted pixel
signal is determined according to a display color of the
pixel, the digital pixel signal, and the last digital pixel
signal;

converting the digital pixel signal to the converted pixel
signal equal to a static converted pixel signal according
to the value of the digital pixel signal if the digital pixel
signal and the last digital pixel signal are equal in value,
wherein the relation between the digital pixel signal
and the static converted pixel signal is determined
according to the display color of the pixel;

converting the converted pixel signal to the gamma volt-
age signal; and

outputting the gamma voltage signal.

24. The method according to claim 23, wherein the
display color is selected from the group consisting of red,
blue, and green.

25. The method according to claim 24, wherein in the step
of converting the converted pixel signal to the gamma
voltage signal, the converted pixel signal is converted to the
gamma voltage signal forming a gamma voltage signal
range with respect to the display color of the pixel, where the
gamma voltage signal range includes:

a first gamma voltage signal that enables the pixel to
display the display color in maximum luminance of the
pixel if the display color of the pixel is red,
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a second gamma voltage signal that enables the pixel to
display the display color in maximum luminance of the
pixel if the display color of the pixel is blue; and

a third gamma voltage signal that enables the pixel to
display the display color in maximum luminance of the
pixel if the display color of the pixel is green.

26. The method according to claim 25, wherein the value
of the converted pixel signal is within a converted pixel
value range determined by the display color of the pixel.

27. The method according to claim 26, wherein the digital
pixel signal is converted into the converted pixel signal
indicating a maximum value of the converted pixel value
range if the digital pixel signal indicates a maximum value.

28. The method according to claim 27, wherein the
converted pixel signal indicating the maximum value of the
converted pixel value range is converted into the first
gamma voltage signal if the display color of the pixel is red.

29. The method according to claim 27, wherein the
converted pixel signal indicating the maximum value of the
converted pixel value range is converted into the second
gamma voltage signal if the display color of the pixel is blue.

30. The method according to claim 27, wherein the
converted pixel signal indicating the maximum value of the
converted pixel value range is converted into the third
gamma voltage signal if the display color of the pixel is
green.

31. The method according to claim 23, wherein the digital
pixel signal and the converted pixel signal are both n-bit
binary data signals.

32. The method according to claim 23, wherein the
method is applied to a driving circuit of the liquid crystal
display.

33. The method according to claim 23, wherein in the step
of converting the converted pixel signal, the converted pixel
signal is converted to the gamma voltage signal by perform-
ing gamma correction on the basis of a plurality of reference
gamma voltage signals.
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