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A gamma correction apparatus for a liquid crystal display
comprises a reference voltage generating circuit and a
gamma correction circuit. The reference voltage generating
circuit outputs a plurality of reference voltages according to
the pixel data. The gamma correction circuit gamma-cor-
rects the pixel data according to the reference voltages. The
feature of the invention resides in that the reference voltage
generating circuit outputs the corresponding reference volt-
ages to gamma-correct the pixel data according to the
positions of the pixels corresponding to the pixel data in the
LCD monitor and the display colors of the pixels.
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APPARATUS AND METHOD FOR GAMMA
CORRECTION IN A LIQUID CRYSTAL DISPLAY

[0001] This application claims the benefit of Taiwan appli-
cation Serial No. 090133345, filed Deec. 31, 2001.

BACKGROUND OF THE INVENTION 1 Field of
the Invention

[0002] The invention relates in general to an apparatus and
a method for converting a digital signal into a corresponding
analog signal, and more particularly to an apparatus and a
method used in a liquid crystal display for executing gamma
correction.

[0003] 2. Description of the Related Art

[0004] Recently, liquid crystal displays (LCDs) have been
widely used because they have favorable advantages of
thinness, lightness, and low electromagnetic radiation.

[0005] The LCD monitor has a plurality of pixels arranged
in an array. Each pixel is composed of an upper plate, a
lower plate, and a liquid crystal layer between the upper
plate and the lower plate. Liquid crystal molecules are filled
between the upper plate and the lower plate to form the
liquid crystal layer. The upper plate and the lower plate have
electrodes. When voltages are applied to the electrodes of
the upper plate and the lower plate to generate a voltage
difference between the upper plate and the lower plate, the
orientations of the liquid crystal molecules in the liquid
crystal laver may vary with the change of the voltage
difference. The orientations of the liquid crystal molecules
may affect the ratio of light transmitting through the pixel,
which is called light transmissivity. The magnitude of the
light transmissivity determines the brightness of the pixel.
As the light transmissivity increases, the pixel becomes
brighter. Therefore, by controlling the voltage difference
between the upper plate and the lower plate, different pixels
on the LCD monitor may have different brightness.

[0006] Please refer to FIG. 1, which shows the gamma
relation between the light transmissivity and the voltage
difference between the upper plate and lower plate of the
pixel. The relation between the light transmissivity and the
voltage difference between the upper plate and lower plate
is non-linear, as shown by the gamma curve of FIG. 1. The
voltage difference between the upper plate and lower plate
is called the gamma voltage. In addition, the light transmis-
sivity only relates to the magnitude of the gamma voltage,
but has nothing to do with the polarity of the gamma voltage.
Hence, the gamma curve is composed of a positive-polarity
gamma curve 102 and a negative-polarity gamma curve 104,
both of which are symmetrical with respect to the longitu-
dinal coordinate. If two gamma voltages with the same
magnitude but different polarities are applied to a pixel, the
pixel may have the same light transmissivity under the two
conditions. If the gamma voltage with fixed polarity is
applied to each pixel continuously, the liquid crystal mol-
ecules of the pixel may be damaged. Therefore, it is possible
to protect the liquid crystal molecules by alternating the
polarities of the gamma voltages applied to the pixels.

[0007] Ingeneral,the pixel data input to the LCD is binary
digital data. Since the relation between the gamma voltage
and the light transmissivity of the pixel is non-linear, the
LCD needs a particular circuit device for converting the
digital pixel data into corresponding gamma voltages for
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output according to the gamma curve so that the relations
between the values of the pixel data and the light transmis-
sivity of the pixel are linear. The above-mentioned operation
is called the gamma correction, which may enhance the
display quality of the LCD monitor.

[0008] Please refer to FIG. 2, which is a schematic
illustration showing the gamma correction principle. When
the gamma correction is performed, multiple sets of pixel
data are selected as reference pixel data. In FIG. 2, the pixel
data DO, D1, D2, D3 and D4 serve as the reference pixel
data. According to the gamma curve, each reference pixel
data corresponds to a positive-polarity reference voltage and
a negative-polarity reference voltage, respectively. Taking
the reference pixel data DO as an example, it corresponds to
a positive-polarity reference voltage VO and a negative-
polarity reference voltage V9. Similarly, the five sets of
reference pixel data DO to D4 correspond to the five posi-
tive-polarity reference voltages VO to V4 and the five
negative-polarity reference voltages V9 to V5, respectively,
as shown in FIG. 2. The general pixel data mentioned above,
is 8-bit binary data and may be represented as 256 gray-scale
values. During gamma correction, the corresponding rela-
tion between the reference pixel data and the reference
voltage may be used as the basis to derive gamma voltages
corresponding to all other pixel data by way of an interpo-
lation method. Each pixel data may correspond to a positive-
polarity gamma voltage and a negative-polarity gamma
voltage.

[0009] Tt should be noted that the gamma voltage corre-
sponding to each pixel data becomes more precise as the
number of selected reference pixel data for gamma correc-
tion increases. In general, eight sets of reference pixel data
are selected to perform gamma correction. According to the
gamma curve, eight sets of reference pixel data correspond
to eight positive-polarity reference voltages and eight nega-
tive-polarity reference voltages, respectively. The gamma
correction apparatus may perform the gamma correction on
the basis of these sixteen reference voltages.

[0010] Please refer to FIG. 3, which is a schematic
illustration showing the conventional gamma correction
apparatus 300. The gamma correction apparatus 300
includes a gamma correction circuit 302 and a reference
voltage generating circuit 304 coupled to the gamma cor-
rection circuit 302. The reference voltage generating circuit
304 has a resistor string composed of 17 resistors r1 to r17
connected in series. The first and final nodes of the resistor
string are coupled to the voltage source 304. Each node of
the resistor string may output reference voltages Vr, includ-
ing eight positive-polarity reference voltages Vr(+) and eight
negative-polarity reference voltages Vi(-) by properly con-
trolling the resistance values of the resistors. Each reference
voltage Vr is output to the gamma correction circuit 302
through the buffer BUF. The gamma correction circuit 302
outputs corresponding gamma voltage VGM by gamma-
correcting each pixel data using an interpolation method
based on the reference voltages Vr.

[0011] The conventional reference voltage generating cir-
cuit 304 outputs a set of reference voltages Vr for the gamma
correction circuit 302 to perform gamma correction using
resistors to divide the voltage. For a color LCD, pixels on the
monitor represent red (R), green (G), and blue (B), respec-
tively. The pixels representing different colors may not have
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the same gamma curves. In addition, for a large-scale LCD
monitor, since the degree of manufacturing difficulty
increases, the gap distance between the upper plate and
lower plate in the entire LCD monitor are difficult to keep
the same. The gap differences between the upper plate and
the lower plate may adversely influence the gamma curves
for the pixels. Therefore, the gamma curves of all pixels are
not completely the same on a large-scale LCD monitor.

[0012] Insum, the gamma curves of the pixels on the LCD
monitor may be different from one another because the pixel
colors and the gap distances between the upper plate and
lower plate are not completely the same. If only one fixed
reference voltage is output according to only one fixed
gamma curve to gamma-correct all pixel data, the whole
LCD monitor may represent undesirable frame colors,
which are not identical to the ideal frame colors. Such an
occurrence of color shading may cause the LCD to have
display quality that is not optimum.

SUMMARY OF THE INVENTION

[0013] Tt is therefore an object of the invention to provide
an apparatus and method for gamma correction, in which the
effect of the gamma correction is free from influence by the
pixel colors and gap differences between the upper plate and
the lower plate, so as to solve the color shading problem and
enhance the display quality for the LCD monitor.

[0014] The invention achieves the above-identified object
by providing an apparatus for gamma correction in a liquid
crystal display (LCD) for gamma-correcting pixel data and
outputting a corresponding gamma voltage to an LCD
monitor according to the pixel data, wherein the pixel data
is used to determine the brightness of a pixel in the LCD
monitor. The gamma correction apparatus comprises a ref-
erence voltage generating circuit and a gamma correction
circuit. The reference voltage generating circuit outputs a
plurality of reference voltages according to the pixel data.
The gamma correction circuit gamma-corrects the pixel data
according to the reference voltages. The feature of the
invention resides in that the reference voltage gencrating
circuit outputs the corresponding reference voltages to
gamma-correct the pixel data according to the positions of
the pixels corresponding to the pixel data in the LCD
monitor and the display colors of the pixels.

[0015] 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

[0016] FIG. 1 is a graph showing the gamma relation
between the light transmissivity and the voltage difference
between the upper plate and lower plate of the pixel.

[0017] FIG. 2 is a schematic illustration showing the
gamma correction principle.

[0018] FIG. 3 is a circuit block diagram showing a con-
ventional gamma correction apparatus.

[0019] FIG. 4 is a circuit block diagram showing a gamma
correction apparatus according to one embodiment of the
invention.
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[0020] FIG. 5 is a circuit block diagram illustrating the
control device shown in FIG. 4.

[0021] FIGS. 6A to 6B are schematic illustrations show-
ing the blurred result after blurring an edge between two
adjacent monitor blocks of the invention.

[0022] FIG. 7 is a circuit block diagram showing a ref-
erence voltage output circuit that may perform the blurring
process.

[0023] FIG. 8 is a schematic illustration showing the
effect of the low-pass filter of FIG. 7.

[0024] FIG. 9 is a schematic illustration showing an
example of the delta coding principle.

[0025] FIG.10is a schematic illustration showing another
gamma correction apparatus according to another embodi-
ment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0026] The feature of the invention resides in that the
whole LCD monitor is divided into a plurality of monitor
blocks. The gamma correction is performed according to the
pixel color corresponding to each pixel data and the monitor
block to which the pixel belongs.

[0027] The concept of the invention is to divide the whole
LCD monitor into a number of monitor blocks and to
perform gamma correction on each one. In this embodiment,
for illustration purposes, the resolution for the color LCD
monitor is selected to be 1024x768 (the LCD monitor has
768 pixel rows each having 1024 display units, and each
display unit has 3 pixels displaying red, green and blue,
respectively), and the whole LCD monitor is divided into
192 (16x12) monitor blocks. Because the gap differences
between the upper plate and lower plate of the pixels in each
monitor block are relatively small, the differences between
the gamma curves of pixels in the same monitor block are
relatively small. Consequently, if each monitor block is
regarded as a unit for gamma correction, color shading of the
LCD monitor resulting from gap differences between the
upper plate and lower plate of the pixels can be avoided.

[0028] In addition, when the gamma correction for the
pixel data is performed, the monitor block to which the pixel
corresponding to the pixel data belongs has to be considered,
and the gamma voltage corresponding to the pixel also has
to be determined according to the display color of the pixel.
That 1s, the gamma correction for the pixels of each monitor
block may be performed according to the display colors of
the pixels. In other words, the concept of the invention is to
gamma-correct the pixel data of the pixels, which displays
different colors and is input to different monitor blocks.
Thus, the color-shading problem of the LCD monitor result-
ing from different colors displayed at the pixel may be
solved.

[0029] Please refer to FIG. 4, which is a circuit block
diagram showing the gamma correction apparatus 400 pro-
posed by the invention. The gamma correction apparatus
400 includes a gamma correction circuit 402 and a reference
voltage generating circuit 404 coupled to the gamma cor-
rection circuit 402. The reference voltage generating circuit
404 is composed of a memory device 406, multiple refer-
ence voltage output circuits 408 and a control device 410.
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The conventional reference voltage generating circuit gen-
erates the reference voltage Vr for gamma correction by
using resistors of the resistor string to divide the voltage.
However, the invention pre-defines various reference pixel
data sets according the gamma curve relations for pixels
displaying different colors in different monitor blocks. Each
reference pixel data set has a number of reference pixel data
pdr. In this embodiment, a reference pixel data set has
sixteen reference pixel data pdr. All reference pixel data pdr
with the digital formats are stored in the memory device 406
in the form of a look-up-table, and the whole LCD monitor
is divided into 192 monitor blocks. Each monitor block
requires three sets of reference pixel data to gamma-correct
the pixel data pd according to the display color of the pixel.
Therefore, the memory device 406 of the reference voltage
generating circuit 404 requires 576 (=16x12x3) sets of
reference pixel data. The control device 410 obtains the
information about the display color of the pixel and the
monitor block to which the pixel to be controlled by the
pixel data pd belongs according to the clock signal clk and
the horizontal sync signal H-sync. The control device 410
outputs the control signal ctrl to the memory device 406 and
to the reference voltage output circuits 408 according to the
clock signal clk and the horizontal sync signal H-sync,
respectively. The memory device 406 outputs the reference
pixel data pdr for correcting the reference pixel data set of
the pixel data pd to the corresponding reference voltage
output circuits 408 according to the control signal ctrl. The
reference voltage output circuits 408 receive corresponding
reference pixel data pdr according to the control signal ctrl
output from the control device 410. Each reference voltage
output circuit 408 also includes a digital-to-analog converter
(DAC) for outputting a corresponding reference voltage Vr
to the gamma correction circuit 402 according to the refer-
ence pixel data pdr. Taking FIG. 4 as an example, the
reference voltage generating circuit 404 includes sixteen
reference voltage output circuits 408(1) to 408(16) for
outputting the reference voltages Vr, respectively. Eight
reference voltage generating circuits 408(1) to 408 8) output
the positive-polarity reference voltage Vr(+), while the other
eight reference voltage generating circuits 408(9) to 408(16)
output the negative-polarity reference voltage Vi(-). The
gamma correction circuit 402 outputs a corresponding
gamma voltage V,,, using the interpolation method on the
basis of these reference voltages Vr according to each input
pixel data pd. In sum, the most distinct feature of the
invention is that the reference voltage generating circuit 404
can output a set of reference voltages Vr for executing
gamma correction according to the monitor block to which
the pixel controlled by the pixel data pd belongs and the
display color of the pixel. This design may eliminate a
drawback of the conventional gamma correction apparatus,
in which the gamma. correction may be performed using
only one set of reference voltages. Furthermore, the color
shading problem of the LCD monitor caused by different
display colors of the pixel and different gaps between the
upper plate and lower plate of the pixels may be resolved.

[0030] As mentioned above, the invention performs
gamma correction using various sets of reference voltages
Vr by dividing the whole LCD monitor into a matrix of
monitor blocks. Thus, the apparent edges may occur at
connections between each monitor block and other adjacent
monitor blocks, and the display quality of the LCD monitor
may be adversely influenced. When the gamma correction
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apparatus and method of the invention is employed to
perform gamma correction, the edge portions of each moni-
tor block have to be specially processed so that the connec-
tions between all the monitor blocks may be blurred. For the
sake of description, the above-mentioned operation is called
the blurring process. It should be noted that the pixel data pd
is input to the gamma correction apparatus on the basis of
the position of the corresponding pixel on the LCD monitor
in a sequence from left to right and from top to bottom.
Therefore, the method for blurring the vertical edge between
the horizontal monitor blocks and the horizontal edge
between the vertical monitor blocks is different.

[0031] Please refer to FIG. 5, which shows a circuit block
diagram of the control device shown in FIG. 4. The control
device 410 includes a horizontal counter (H-counter) 502, a
vertical counter (V-counter) 504, and a controller 506
coupled to counters 502 and 504, respectively. When gamma
correction is performed, the pixel data pd is sequentially
input to the gamma correction circuit according to the clock
signal clk. The clock signal elk is simultaneously input to the
horizontal counter 502 and the vertical counter 504, while
the horizontal sync signal H-sync is input to the vertical
counter 504. The horizontal counter 502 outputs the hori-
zontal counting signal to the controller 506 according to the
clock signal elk. The vertical counter 504 outputs the
vertical counting signal to the controller 506 according to
the clock signal elk and the horizontal sync signal H-sync,
respectively. The controller 506 outputs the control signal
ctrl to the memory device and the reference voltage output
circuit according to the horizontal counting signal and the
vertical counting signal. Accordingly, the memory device
may be controlled to output the corresponding reference
pixel data set, and the reference voltage output circuit may
be controlled to output the reference voltage Vr according to
the corresponding reference pixel data pdr.

[0032] Please refer to FIGS. 6A to 6B, which are sche-
matic illustrations showing the blurred result after blurring
an edge between two adjacent monitor blocks of the inven-
tion. The principles and operations for blurring the vertical
edge between the left and right monitor blocks and the
horizontal edge between the up and down monitor blocks
will be described with reference to the left and right monitor
blocks 602 and 604 and the monitor blocks 606 and 608,
respectively.

[0033] Please refer to FIGS. 5 and 6A simultancously.
The color LCD monitor with a resolution of 1024x768 in
this embodiment is divided into 192 (=16x12) monitor
blocks. Thus, the resolution of each monitor block is 64x64.
In other words, theoretically, when the pixel data pd of any
row of pixels belonging to the monitor block 602 is gamma-
corrected, the controller 506 outputs the control signals ctrl
to the memory device causing the memory device to output
the reference pixel data set used in the next (or right)
monitor block 604 after the controller 506 reccives 64
theoretical clock signals clk. In this description, the cycle
number of clock signals clk received during the duration
needed for controller 506 to output two control signals ctrl
to the memory device is defined as the clock counting
number. During the blurring process, the clock counting
number of the controller 506 approaches 64 but does not
necessarily have to be exactly 64. In this embodiment, the
clock counting number ranges from 61 to 67. In other words,
when the pixel data pd of a row of pixels belonging to the
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monitor block 602 is gamma-corrected, the number of clock
signals clk pulses received each time by the controller 506
is not limited to 64 but may be any number ranging from 61
to 67, for example 62. When the controller 506 receives 62
pulses of clock signals clk, the controller 506 may output the
control signal ctrl to the memory device thus causing the
memory device to output the reference pixel data set used in
the next monitor block 604. Then, when the pixel data pd of
the next row of pixels belonging to the monitor block 602 is
gamma-corrected, a number, such as 67, may be selected
from the given range of 61 to 67 pulses of clock signals clk.
When the controller 506 receives 67 clock signals clk, it may
output the control signal ctrl to the memory device, trigger-
ing the memory device to output the reference pixel data set
used in the next monitor block 604. Analogically, it should
be noted that the clock counting number for the controller
506 used for each row of pixels in each monitor block is
predefined or determined by random selection. Thus, the
boundary between the monitor blocks 602 and 604 is not a
vertically straight line but is a saw-toothed line, as shown in
FIG. 6A, so that the edge between the left and right monitor
blocks may be blurred.

[0034] Please refer to FIGS. 5 and 6B simultancously. In
this embodiment, the resolution of each monitor block is
64x64. In other words, when the pixel data pd belonging to
the monitor block 602 is gamma-corrected, the gamma
correction for the pixel data pd of the 64 rows of pixels
belonging to the monitor block 606 is theoretically finished
when the horizontal counter 502 counts to 64. In this
description, the number of counts necessary for the hori-
zontal counter 502 to complete the gamma correction for the
pixel data pd belonging to any monitor block is defined as
the horizontal counting number. During the blurring process,
the horizontal counting number of the horizontal counter
502 approaches 64 but is not always 64. The horizontal
counting number actually ranges from 61 to 67. When the
horizontal counter 502 counts to 61 (i.c., when the gamma
correction apparatus gamma-corrects the pixel data pd of
each pixel of the 61st row belonging to monitor block 606),
the controller 506 may selectively control the memory
device to continue to output the reference pixel data set gpdr
used in the monitor block 606 or output the reference pixel
data set gpdr' used in the monitor block 608 adjacent to the
bottom edge of the monitor block 606. At this time, the
possibility of selectively outputting the reference pixel data
set gpdr used in the monitor block 606 is much greater than
that of selectively outputting the reference pixel data set
gpdr' used in the monitor block 608 adjacent to the bottom
edge of the monitor block 606. However, as the horizontal
counting number gets larger (i.e., when the pixel data pd of
each pixel of the 62nd or 63rd row belonging to the monitor
block 606 is gamma-corrected), the possibility of selectively
outputting the reference pixel data set gpdr may approach
that of selectively outputting the reference pixel data set
gpdr'. When the pixel data pd of the pixels in the 64th row
belonging to monitor block 606 is gamma-corrected, the
possibility of outputting the reference pixel data set gpdr is
equal to that of outputting the reference pixel data set gpdr'.
When the pixel data pd of each pixel of the 65th row
belonging to monitor block 606 is gamma-corrected (i.e.,
when the pixel data pd of each pixel of the first row
theoretically belonging to the monitor block 608 is gamma-
corrected), the possibility of selectively outputting the ref-
erence pixel data set gpdr' used in monitor block 608 starts
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to be greater than that of selectively outputting the reference
pixel data set gpdr used in monitor block 606. When the
horizontal count value is equal to 66 or 67 (i.c., when the
pixel data pd of each pixel of the 66th or 67th rows
belonging to monitor block 606 or the second and third rows
belonging to the monitor block 608 is gamma-corrected), the
possibility of selectively outputting the reference pixel data
pdr' used in monitor block 608 increases, and the possibility
of selectively outputting the reference pixel data pdr used in
monitor block 606 decreases. The reference pixel data set
gpdr' used in monitor block 608 is not totally output until the
pixel data pd of each pixel of the fourth row in monitor block
608 is gamma-corrected. It should also be noted that when
the pixel data pd corresponding to each row of pixels is
gamma corrected, the gamma correction apparatus pre-
defines and selects the reference pixel data set gpdr or gpdr’,
or selects it randomly. No matter which method is adopted,
the obtained results must be able to meet the distribution
possibilities of selecting the reference pixel data set gpdr or
gpdr' as mentioned above. Therefore, the boundary between
monitor blocks 606 and 608 is not a horizontally straight
line, but is a saw-toothed line, as shown in FIG. 6B, so that

the edge between the vertical monitor blocks may be
blurred.

[0035] In addition to the above-mentioned method, the
invention further proposes another method for blurring the
edge between the left and right monitor blocks. Please refer
to FIG. 7, which is a circuit block diagram showing a
reference voltage output circuit that may perform the blur-
ring process. Compared to FIG. 4, the reference voltage
output circuit 760 of FIG. 7 further includes a low-pass filter
(LPF) 702 coupled to the DAC 704. When the magnitude of
reference voltage output from the DAC 704 varies, the LPF
702 may case the degree of variation. Please refer to FIG.
8, which is a schematic illustration showing the effect of the
LPF in FIG. 7, in conjunction with FIG. 6A. At time t0, the
gamma correction for the pixel data pd belonging to monitor
block 602 is finished, and the memory device may output
another reference pixel data set to gamma-correct the pixel
data pd belonging to monitor block 604. If the reference
voltage output circuit 700 receives different reference pixel
data pdr, the DAC 704 may output a reference voltage Vr,
which may vary correspondingly. It is assumed that the
former output reference voltage is Vrl and the reference
voltage, which should be output corresponding to the ref-
erence pixel data pdr after time t0, is Vr2. If a LPF is not
coupled to the DAC, the magnitude of the output reference
voltage Vr of the reference voltage output circuit changes
from Vrl to Vr2 immediately after time t0. However,
because the LPF 702 is coupled to the DAC 704, as shown
in FIG. 7, the magnitude of the output reference voltage of
the reference voltage output circuit 700 may slowly change
from Vrl and will not reach Vr2 until time t1, due to the
effect of the LPF 702. Therefore, if the same number of pixel
data pd is sequentially gamma-corrected during time t0 to t1,
since the reference voltage Vr used in the gamma correction
slowly changes with time, the pixel data pd obtained after
the gamma correction and the corresponding gamma volt-
ages may also slowly increase with time. In addition, the
difference between two adjacent gamma voltages is rela-
tively small. When the gamma voltages are sequentially
input to the pixels at the left side of monitor block 604 and
near monitor block 602, the brightness differences between
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the pixels may become indiscernible. Thus, the edge
between the left and right monitor blocks may be blurred.

[0036] In this, a color LCD monitor with the resolution of
1024x768 is divided into 192 (=16x12) monitor blocks for
executing gamma correction, respectively. In each monitor
block, the reference pixel data sets for gamma-correcting
red, blue, and green pixel data pd are not equal. Therefore,
16x12x3 reference pixel data sets are required. When the
gamma correction apparatus of this embodiment perform
gamma correction, each reference pixel data set has 16
reference pixel data pdr to generate 8 positive-polarity
reference voltages Vi(+) and 8 negative-polarity reference
voltages Vr(-). Each reference pixel data pdr has 6 bits of
binary data. Thus, if the gamma correction apparatus 400
shown in FIG. 4 is employed to perform gamma correction,
the memory device requires at least 55.3 k bits of memory
space to sufficiently store all the reference pixel data pdr for
the gamma correction method of this embodiment, wherein
the 55.3 k bits is derived from 16x12 (number of monitor
blocks)x3 (pixel colors)x16 (number of reference pixel data
in each reference pixel data set)x6 (bits).

[0037] In order to reduce the memory capacity necessary
for the memory device, the reference pixel data pdr is stored
in the memory device by way of delta coding in this
embodiment. Please refer to FIG. 9, which is a schematic
illustration showing an example of the delta coding prin-
ciple. In FIG. 9, each of the monitor blocks N, N+1 and N+2
has R, G, B reference pixel data sets for gamma-correcting
the red, green, and blue pixel data pd. For the sake of
illustration, only eight positive polarity reference pixel data
pdr are listed in each reference pixel data set of FIG. 9. The
spirit of the delta-coding storage method resides in that
during the storage of the reference pixel data pdr, each
reference pixel data pdr relates to the formerly stored
reference pixel data pdr' corresponding to the reference pixel
data pdr. The actual storage amount of the memory device is
the difference between the reference pixel data pdr and the
corresponding reference pixel data pdr, which is called the
delta reference pixel data dpdr. Consequently, each reference
pixel data pdr may be stored in the memory device with the
data format occupying less than 6 bits of delta reference
pixel data dpdr thus, reducing the amount of memory space
used in the memory device. Taking FIG. 9 as an example.
If the 8th reference pixel data (0) in the R reference pixel
data set of the Nth monitor block is selected as the basis for
the memory device, the stored value of the delta reference
pixel data dpdr is equal to the difference value (10) between
the pixel data dpdr and the 8th reference pixel data (0), when
the adjacent 7th reference pixel data (10) is to be stored in
the memory device. Similarly, the memory device stores the
6th reference pixel data (19) with the delta reference pixel
data dpdr, which is the difference (9) between the 6th
reference pixel data and the 7th reference pixel data (10).
Analogically, each reference pixel data pdr in the R refer-
ence pixel data set of the Nth monitor block may be stored
in the memory device using the same method. Hence, the
memory device may store each reference pixel data pdr of
the R reference pixel data set in the form of only 4 bits of
delta reference pixel data dpdr. Then, when the G reference
pixel data set of the Nth monitor block is to be stored, the
stored value of the memory device is the difference value
between each reference pixel data pdr of the G reference
pixel data set and the corresponding reference pixel data pdr
corresponding to the R reference pixel data set. For example,
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the memory device stores the second reference pixel data
(49) of the G reference pixel data set with a difference value
(-1) between the second reference pixel data (49) and the
corresponding second reference pixel data (50) of the R
reference pixel data set. When the reference pixel data pdr
of the B reference pixel data set of the Nth monitor block is
to be stored, the stored value of the memory device is equal
to the difference between the reference pixel data pdr of the
B reference pixel data set and the corresponding reference
pixel data pdr of the G reference pixel data set. Thus, the G
and B reference pixel data sets in the Nth monitor block may
be stored in the memory device with 3 bits of delta reference
pixel data dpdr. Then, when each reference pixel data pdr of
the (N+1)th monitor block is to be stored, the stored value
of the memory device is the difference value between the
reference pixel data pdr of the (N+1)th monitor block and
the corresponding reference pixel data pdr of the Nth
monitor block. For example, when the first reference pixel
data (62) of the R reference pixel data set in the (N+1)th
monitor block is to be stored, the stored value of the memory
device is the difference (-1) between the first reference pixel
data (62) and the corresponding first reference pixel data
(63) of the R reference pixel data set in the Nth monitor
block. Using the memory device only needs 2 bits of delta
reference pixel data dpdr to store all the reference pixel data
pdr of the other monitor blocks. By using the delta-coding
storage method, it is not necessary for each reference pixel
data pdr to be stored in 6 bit data format, thus saving
memory space.

[0038] Referring again to FIG. 9, the values of corre-
sponding reference pixel data pdr are nearly equal in each
reference pixel data set, and the difference values between
each reference pixel data pdr and its adjacent reference pixel
data pdr in each reference pixel data set are also nearly
equal. Please refer to FIG. 10, which is a schematic illus-
tration showing another gamma correction apparatus
according to another embodiment of the invention. In FIG.
10, the reference voltage generating circuit 1004 includes a
resistor string, two ends of which are coupled to the refer-
ence voltage output circuits 1008(1) and 1008(2), respec-
tively. The reference voltage output circuits 1008(1) and
1008(2) output maximum and minimum positive-polarity
reference voltages Vi(+) according to the reference pixel
data pdr. Other reference voltages Vi(+) may be obtained
using resistors to divide the voltage into other reference
voltages Vr(+) to be output to the gamma correction circuit
1002 at each node coupled between two resistors in the
resistor string. Similarly, the negative-polarity reference
voltages Vr(-) may also be generated using this method; a
detailed description thereof is omitted. Thus, each reference
pixel data set stored in the memory device 1006 only needs
to store two reference voltages pdr, and accordingly the
capacity of the memory device may be saved. Meanwhile,
the gamma correction effects will not be significantly influ-
enced. It should be noted that the invention is not limited to
two reference voltage generating circuits 1008(1) and
1008(2). Instead, a proper number of reference voltage
generating circuits 1008 may be provided to output the
reference voltages Vr according to the reference pixel data
pdr by considering the precision requirements of the refer-
ence voltages Vr and the degree of memory space saved in
the memory device. Other reference voltages Vr may be
output from the nodes between the resistors of the resistor
string. In addition, the memory device 1006 may be used in
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conjunction with the above-mentioned delta-coding storage
method to store the required reference pixel data pdr so that
the need to save memory space in the memory device is
satisfied.

[0039] In the gamma correction apparatus and the method
used for executing gamma correction according to the
embodiments of the invention, the corresponding reference
voltage for the reference voltage generating circuit to
gamma-correct the pixel data is output according to the
position of the pixel corresponding to the pixel data in the
LCD monitor and the displayed color of the pixel. Therefore,
it is possible to prevent the gamma correction effects from
being influenced by the display colors of the pixels and the
gaps between the upper plate and lower plate of the pixels.
Accordingly, the color-shading problem of the LCD monitor
may be resolved, and the display quality of the LCD monitor
may be enhanced.

[0040] While the invention has been described by way of
example and in terms of a preferred embodiment, it is to be
understood that the invention is not limited thereto. On the
contrary, it is intended to cover various modifications and
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 gamma correction in a liquid crystal
display (LCD) for gamma-correcting pixel data and output-
ting a corresponding gamma voltage to an LCD monitor
according to the pixel data, wherein the pixel data is used to
determine the brightness of a pixel in the LCD monitor, the
apparatus comprising:

a reference voltage generating circuit for outputting a
plurality of corresponding reference voltages according
to the pixel data; and

a gamma correction circuit coupled to the reference
voltage generating circuit for gamma-correcting the
pixel data according to the reference voltages, wherein
the reference voltage generating circuit outputs a cor-
responding reference voltage to gamma-correct the
pixel data according to the position of the pixel in the
LCD monitor.

2. The apparatus according to claim 1, wherein the

reference voltage generating circuit comprises:

a memory device for storing a plurality of reference pixel
data sets, each reference pixel data set comprising a
plurality of reference pixel data, and the memory
device outputting the corresponding reference pixel
data of the reference pixel data sets according to the
pixel data; and

a plurality of reference voltage output circuits, each of
which coupled to the memory device for receiving one
of the reference pixel data and outputting a correspond-
ing reference voltage according to the reference pixel
data, respectively, wherein the memory device outputs
the corresponding reference pixel data of the reference
pixel data sets according to the position of the pixel in
the LCD monitor.

3. The apparatus according to claim 2, wherein the

reference pixel data is in the form of a digital format.
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4. The apparatus according to claim 3, wherein each of the
reference voltage output circuits comprises a digital-to-
analog converter (DAC) for outputting the corresponding
reference voltage according to the reference pixel data,
respectively.

5. The apparatus according to claim 2, wherein the
reference voltage generating circuit further comprises a
control device coupled to the memory device and the
reference voltage output circuits, respectively, for control-
ling the memory device to output the corresponding refer-
ence pixel data of the reference pixel data sets according to
the pixel data and for controlling each of the reference
voltage output circuits to receive the corresponding refer-
ence pixel data.

6. The apparatus according to claim 5, wherein the control
device comprises:

a horizontal counter for outputting a horizontal counting
signal according to a clock signal;

a vertical counter for outputting a vertical counting signal
according to the clock signal and a horizontal sync
signal; and

a controller coupled to the horizontal counter and the
vertical counter for outputting a first control signal to
the memory device according to the clock signal, the
horizontal counting signal and the vertical counting
signal, for controlling the memory device to output the
corresponding reference pixel data of the reference
pixel data sets, and for outputting a second control
signal to the reference voltage output circuits to control
cach of the reference voltage output circuits to receive
the corresponding reference pixel data.

7. The apparatus according to claim 2, wherein the
reference voltage generating circuit further comprises a
resistor string having two ends respectively coupled to one
of the reference voltage output circuits, and a plurality of
nodes for outputting one of the reference voltages.

8. The apparatus according to claim 2, wherein the
memory device stores the reference pixel data into the
memory device according to difference values between each
reference pixel data, and other reference pixel data corre-
sponding to the reference pixel data in the memory device.

9. The apparatus according to claim 1, wherein the LCD
monitor is divided into a plurality of monitor blocks, and the
reference voltage generating circuit outputs the correspond-
ing reference voltages to gamma-correct the pixel data
according to one of the monitor blocks to which the pixel
belongs.

10. The apparatus according to claim 9, wherein the
reference voltage generating circuit comprises:

a memory device for storing a plurality of reference pixel
data sets, each reference pixel data set comprising a
plurality of reference pixel data, the memory device
outputting the corresponding reference pixel data of the
reference pixel data sets according to the pixel data;
and

a plurality of reference voltage output circuits, each of
which coupled to the memory device for receiving the
corresponding reference pixel data and outputting a
reference voltage according to the reference pixel data,
respectively, wherein the memory device outputs the
corresponding reference pixel data set to gamma-cor-
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rect the pixel data according to one of the monitor
blocks to which the pixel belongs.

11. The apparatus according to claim 10, wherein the
reference pixel data is in the form of a digital format.

12. The apparatus according to claim 11, wherein each of
the reference voltage output circuits comprises a digital-to-
analog converter (DAC) for outputting the corresponding
reference voltage according to the reference pixel data.

13. The apparatus according to claim 12, wherein each of
the reference voltage generating circuits further comprises a
low-pass filter (LPF) coupled to the digital-to-analog con-
verter to ease variation degrees of the reference voltages,
which are output from the reference voltage generating
circuits and change with time, when the reference voltages
output from the digital-to-analog converter change.

14. The apparatus according to claim 10, wherein the
reference voltage generating circuit further comprises a
resistor string having two ends coupled to one of the
reference voltage output circuits, and a plurality of nodes for
outputting one of the reference voltages.

15. The apparatus according to claim 10, wherein the
memory device stores the reference pixel data according to
difference values between each reference pixel data and
other reference pixel data corresponding to the reference
pixel data in the memory device.

16. The apparatus according to claim 10, wherein the
reference voltage generating circuit further comprises a
control device coupled to the memory device and the
reference voltage output circuits, respectively, for control-
ling the memory device to output the corresponding refer-
ence pixel data of the reference pixel data sets according to
the pixel data and for controlling each of the reference
voltage output circuits to receive the corresponding refer-
ence pixel data.

17. The apparatus according to claim 16, wherein the
control device comprises:

a horizontal counter for outputting a horizontal counting
signal according to a clock signal;

a vertical counter for outputting a vertical counting signal
according to the clock signal and a horizontal sync
signal; and

a controller coupled to the horizontal counter and the
vertical counter for outputting a first control signal to
the memory device according to the clock signal, the
horizontal counting signal and the vertical counting
signal, for controlling the memory device to output the
corresponding reference pixel data of the reference
pixel data sets, and for outputting a second control
signal to the reference voltage output circuits to control
each of the reference voltage output circuits to receive
the corresponding reference pixel data.

18. The apparatus according to claim 9, wherein each of
the monitor blocks has an irregular shape, and edges of each
of the monitor blocks are saw-toothed lines.

19. An apparatus for gamma correction in a liquid crystal
display (LCD) for gamma-correcting pixel data and output-
ting a corresponding gamma voltage to an LCD monitor
according to the pixel data, wherein the pixel data is used to
determine the brightness of a pixel in the LCD monitor, the
apparatus comprising:

a reference voltage generating circuit for outputting a
plurality of corresponding reference voltages according
to the pixel data; and
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a gamma correction circuit coupled to the reference
voltage generating circuit for gamma-correcting the
pixel data according to the reference voltages, wherein
the reference voltage generating circuit outputs a cor-
responding reference voltage to gamma-correct the
pixel data according to the position of the pixel in the
LCD monitor and the display color of the pixel.

20. The apparatus according to claim 19, wherein the

reference voltage generating circuit comprises:

a memory device for storing a plurality of reference pixel
data sets, each reference pixel data set comprising a
plurality of reference pixel data, the memory device
outputting the corresponding reference pixel data of the
reference pixel data sets according to the pixel data;
and

a plurality of reference voltage output circuits, each of
which coupled to the memory device for receiving the
corresponding reference pixel data and outputting a
reference voltage according to the reference pixel data,
respectively, wherein the memory device outputs the
corresponding reference pixel data of the reference
pixel data sets according to the position of the pixel in
the LCD monitor and the display color of the pixel.

21. The apparatus according to claim 20, wherein the
reference pixel data is in digital format.

22. The apparatus according to claim 21, wherein each of
the reference voltage output circuits comprises a digital-to-
analog converter (DAC) for outputting the corresponding
reference voltage according to the respective reference pixel
data.

23. The apparatus according to claim 20, wherein the
reference voltage generating circuit further comprises a
resistor string having two ends coupled to one of the
reference voltage output circuits, and a plurality of nodes for
outputting one of the reference voltages.

24. The apparatus according to claim 20, wherein the
reference voltage generating circuit further comprises a
control device coupled to the memory device and the
reference voltage output circuits, respectively, for control-
ling the memory device to output the corresponding refer-
ence pixel data of the reference pixel data sets according to
the pixel data and for controlling each of the reference
voltage output circuits to receive the corresponding refer-
ence pixel data.

25. The apparatus according to claim 24, wherein the
control device comprises:

a horizontal counter for outputting a horizontal counting
signal according to a clock signal;

a vertical counter for outputting a vertical counting signal
according to the clock signal and a horizontal sync
signal; and

a controller coupled to the horizontal counter and the
vertical counter for outputting a first control signal to
the memory device according to the clock signal, the
horizontal counting signal and the vertical counting
signal, for controlling the memory device to output the
corresponding reference pixel data of the reference
pixel data sets, and for outputting a second control
signal to the reference voltage output circuits to control
each of the reference voltage output circuits to receive
the corresponding reference pixel data.
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26. The apparatus according to claim 20, wherein the
memory device stores the reference pixel data according to
difference values between each reference pixel data and
other reference pixel data corresponding to the reference
pixel data in the memory device.

27. The apparatus according to claim 19, wherein the
LCD monitor is divided into a plurality of monitor blocks,
and the reference voltage generating circuit outputs the
corresponding reference voltages to gamma-correct the
pixel data according to one of the monitor blocks to which
the pixel belongs and the display color of the pixel.

28. The apparatus according to claim 27, wherein the
reference voltage generating circuit comprises:

a memory device for storing a plurality of reference pixel
data sets, each reference pixel data set comprising a
plurality of reference pixel data, the memory device
outputting the corresponding reference pixel data of the
reference pixel data sets according to the pixel data,
and

a plurality of reference voltage output circuits, each of
which coupled to the memory device for receiving the
corresponding reference pixel data and outputting a
reference voltage according to the reference pixel data,
respectively, wherein the memory device outputs the
corresponding reference pixel data set to gamma-cor-
rect the pixel data according to one of the monitor
blocks to which the pixel belongs and the display color
of the pixel.

29. The apparatus according to claim 28, wherein the

reference pixel data is in digital format.

30. The apparatus according to claim 29, wherein each of
the reference voltage output circuits comprises a digital-to-
analog converter (DAC) for outputting the corresponding
reference voltage according to the reference pixel data.

31. The apparatus according to claim 29, wherein each of
the reference voltage generating circuit further comprises a
low-pass filter (LPF) coupled to the digital-to-analog con-
verter to ease variation degrees of the reference voltages,
which are output from the reference voltage generating
circuits and change with time, when the reference voltages
output from the digital-to-analog converter change.

32. The apparatus according to claim 28, wherein the
reference voltage generating circuit further comprises a
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resistor string having two ends coupled to one of the
reference voltage output circuits, and a plurality of nodes for
outputting one of the reference voltages.

33. The apparatus according to claim 28, wherein the
memory device stores the reference pixel data into the
memory device according to difference values between each
reference pixel data and other reference pixel data corre-
sponding to the reference pixel data in the memory device.

34. The apparatus according to claim 28, wherein the
reference voltage generating circuit further comprises a
control device coupled to the memory device and the
reference voltage output circuits, respectively, for control-
ling the memory device to output the corresponding refer-
ence pixel data of the reference pixel data sets according to
the input pixel data and for controlling each of the reference
voltage output circuits to receive the corresponding refer-
ence pixel data.

35. The apparatus according to claim 34, wherein the
control device comprises:

a horizontal counter for outputting a horizontal counting
signal according to a clock signal;

a vertical counter for outputting a vertical counting signal
according to the clock signal and a horizontal sync
signal; and

a controller coupled to the horizontal counter and the
vertical counter for outputting a first control signal to
the memory device according to the clock signal, the
horizontal counting signal; and the vertical counting
signal, for controlling the memory device to output the
corresponding reference pixel data of the reference
pixel data sets, and for outputting a second control
signal to the reference voltage output circuits to control
cach of the reference voltage output circuits to receive
the corresponding reference pixel data.

36. The apparatus according to claim 27, wherein each of
the monitor blocks has an irregular shape, and the edges of
each of the monitor blocks are saw-toothed lines.

37. A display comprising the apparatus for gamma cor-
rection as claimed in claim 1 and the LCD monitor.
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