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(57) ABSTRACT 

A gamma Voltage and Video data correcting apparatus and 
method in a liquid crystal display that is capable of improv 
ing a display quality of the LCD, wherein gamma data for 
controlling the gamma Voltage is Stored for each of at least 
two modes. The gamma data for each mode is accessed in 
response to an instruction from a user to Select any one of the 
gamma data for each mode. In response to the gamma data 
for the Selected mode, n gamma Voltages (wherein n is an 
integer), each having a different voltage level, indicated by 
the gamma data in the Selected mode are generated. In the 
Video data correcting method, a lookup table is provided in 
which a color temperature correction data for correcting a 
color temperature characteristic of an input image is Set in 
correspondence with a gray level value of the input image. 
The lookup table is accessed in accordance with the gray 
level value of the input image to read out color temperature 
correction data corresponding to the gray level value of the 
input image. The data lines are driven by the color tempera 
ture correction data. 
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APPARATUS AND METHOD FOR CORRECTING 
GAMMA VOLTAGE AND WIDEO DATA IN LIQUID 

CRYSTAL DISPLAY 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention relates to a technique for driving a 
liquid crystal display, and more particularly to an apparatus 
and method for correcting a gamma Voltage and a Video data 
in a liquid crystal display that is capable of improving a 
display quality of the liquid crystal display. 

0003 2. Description of the Related Art 
0004 Generally, an active matrix liquid crystal display 
(LCD) uses thin film transistors (TFTS) as switching devices 
to display a natural moving picture. Since Such a LCD can 
be made into a Smaller device in size than the existent Brown 
tube, it has been widely used for a monitor for a personal 
computer or a notebook computer as well as office automa 
tion equipment Such as copy machines, etc. and portable 
equipment Such as cellular phones and pagers, etc. 
0005. As shown in FIG. 1, a driving apparatus for the 
LCD includes a digital Video card 1 for converting an analog 
Signal into a digital Video data, a column driver 3 for 
applying the Video data to data lines DL of a liquid crystal 
panel 6, a row driver 5 for Sequentially driving gate lines GL 
of the liquid crystal panel 6, a controller 2 for controlling the 
column driver 3 and the row driver 5, and a gamma Voltage 
generator 4 for applying a gamma Voltage to the column 
driver 3. 

0006. In the liquid crystal panel 6, liquid crystal is 
injected between two glass Substrates, and the gate lines GL 
and the data lines DL are formed on the lower glass Substrate 
in Such a manner as to be perpendicular to each other. At 
each interSection between the gate lines GL and the data 
lines DL, a thin film transistor (TFT) for selectively applying 
an image input from the data lines DL to a liquid crystal cell 
Clc is provided. To this end, the TFT has a gate terminal 
connected to the gate line GL and a Source terminal con 
nected to the data line DL. The drain terminal of the TFT is 
connected to a pixel electrode of the liquid crystal cell Clc. 
0007. The digital video card 1 converts an analog input 
image Signal into a digital image Signal Suitable for the 
liquid crystal panel 6 and detects a Synchronous Signal 
included in the image Signal. The controller 2 applies red 
(R), green (G) and blue (B) digital video data from the 
digital video card 1 to the column driver 3. Also, the 
controller 2 generates a dot clock Dclk and a gate Start pulse 
GSP using horizontal/vertical synchronizing signals Hand V 
input from the digital Video card 1 to provide a timing 
control of the column driver 3 and the row driver 5. The dot 
clock Dclk is applied to the column driver 3 while the gate 
start pulse GSP is applied to the row driver 5. 
0008. The row driver 5 includes a shift register for 
responding to the gate Start pulse GSP input from the 
controller 2 to Sequentially generate a Scanning pulse, and a 
level shifter for shifting a Voltage of the Scanning pulse to a 
Voltage level Suitable for driving the liquid crystal cell. 
Video data at the data line DL is applied to a pixel electrode 
of the liquid crystal cell Clc by the TFT in response to the 
Scanning pulse input from the row driver 5. 
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0009. The dot clock Dclk, along with the R, G and B 
digital Video data from the controller 2, is input to the 
column driver 3. The column driver 3 latches the R, G and 
B digital video data in synchronization with the dot clock 
Dclk and corrects the latched data in accordance with a 
gamma Voltage Vy. Then, the column driver 3 converts data 
corrected by the gamma Voltage Vy into analog data and 
Supplies it to the data line DL for each line. 
0010. As shown in FIG. 2, the column driver 3 includes 
a first latch 21 to which R, G and B data are input, a second 
latch 22, a digital to analog converter (DAC) 23 and an 
output buffer 24 connected, in series, between the first latch 
21 and the data lines DLl to DLn, and an address shift 
register 25 for assigning an address of the Second latch 25. 
0011. The first latch 21 temporarily stores the R, G and B 
data from the controller 2 and applies the Stored data to the 
second latch 22 every horizontal period. The second latch 22 
stores data from the first latch 21 in a location indicated by 
address information from the address shift register 25 and 
supplies the stored data for one line to the DAC 23. 
0012. The DAC 23 selects a gamma voltage Vy corre 
sponding to data from the Second latch 22 and applies it to 
the data lines DLl to DLn. A detailed description as to this 
DAC23 will be made in conjunction with FIG. 6 later. The 
output buffer 24 consists of a Voltage follower connected in 
series to the data line DL So as to buffer data from the DAC 
23 and apply the buffered data to the data lines DLl to DLn. 
The output buffer 24 and the second latch 22 receive a 
polarity inverting signal from the controller 2 for the pur 
pose of inverting the polarity of the video data depending on 
an inversion driving System, Such as a dot inversion System, 
a line (or column) inversion System, and a frame inversion 
System. 

0013 The address shift register 25 generates address 
information for the data stored in the second latch 22 to 
control the Second latch 22. The gamma Voltage generator 4 
generates a gamma Voltage Vy corresponding to a gray level 
value of data, in consideration of an electro-optical charac 
teristic of the liquid crystal panel 6, and applies it to the 
DAC 23. The gamma Voltage Vy from the gamma Voltage 
generator 4 is Set to have a different Voltage magnitude in 
correspondence with a gray level value Selected in an 
expressible range as shown in FIG. 3. In FIG. 3, in the 
normally white mode, data having the lowest brightness is 
GMA1, corresponding to a Voltage Vdd, and data having a 
relatively higher brightness corresponds to GMA2, 
GMA3, ..., GMAN. 

0014. Each liquid crystal cell Clc expresses a gray level 
value having a Specific brightneSS by a relative potential 
difference between the gamma Voltage Vy and a common 
voltage Vcom. More specifically, as shown in FIG. 4, an 
LCD with the normally white mode expresses an image at a 
brightness close to white when a potential difference 
between the gamma Voltage Vy and the common Voltage 
Vcom is low, whereas it expresses an image at a brightness 
gradually closer to black as a potential difference between 
the gamma Voltage Vy and the common Voltage Vcom 
becomes high. When a gamma Voltage Vy corresponding to 
an input image Signal data expressed by a hexadecimal digit 
is Selected, an analog Voltage as shown in FIG. 5 is applied 
to the liquid crystal cell Clc of the liquid crystal panel 6. The 
gamma Voltage generator 4 is classified into a positive part 
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and a negative part to correspond to the inversion driving 
System. A configuration of the positive part is as shown in 
FIG. 6. The negative part has a configuration substantially 
identical to the positive part except for the polarity of a 
Supplied Voltage. 
0.015 Referring to FIG. 6, the positive part type gamma 
Voltage generator 4 includes: a reference Voltage generator 
41 for generating reference voltages VH1 to VH6 each 
having a different Voltage level in accordance with a Voltage 
divided resistance ratio; a buffer unit 42 connected to an 
output terminal of the reference Voltage generator 41; and a 
gamma Voltage output 43 connected between the buffer unit 
42 and the DAC 23 to divide the reference voltage VH1 to 
VH6 and output gamma Voltages Vy having different Voltage 
levels. 

0016. The reference voltage generator 41 includes a serial 
connection of first to sixth resistors R1 to R6 to generate six 
reference voltages VH1 to VH6 in accordance with a volt 
age-divided resistance ratio, and to apply them to the buffer 
unit 42. The buffer unit 42 consists of a voltage follower 
connected, in Series, between an output terminal of the 
reference Voltage generator 41 and the gamma Voltage 
output 43. The buffer unit 42 stabilizes the reference volt 
ages VH1 to VH6 and applies them to the gamma voltage 
output 43. The gamma Voltage output 43 consists of a Serial 
connection of 64 resistors R11 to R164. The gamma voltage 
output 43 sub-divides the six reference voltages VH1 to 
VH6 into 64 gamma voltages and applies them to the DAC 
23. 

0.017. The DAC23 includes a data input 44 for receiving 
6-bit data D0 to D5 from the second latch 22, and a decoder 
45 connected between the data input 44 and the gamma 
voltage output 43. The data input 44 includes an inverter for 
inverting a logical value of each data bit to generate an 
inverted Signal and a non-inverted Signal of the data and to 
apply them to the decoder 45. The decoder 45 consists of a 
plurality of logical elements in an array to Select any one of 
the 64 gamma Voltages Vy in accordance with the inverted 
and non-inverted data from the data input 44 and to apply the 
Selected gamma Voltage Vy to the output buffer 24. 
0.018 Nowadays, the LCD requires interchangeability 
with various peripheral equipment capable of displaying 
image Signals input from a personal computer, a television, 
a player for an optical recording medium Such as a compact 
disk (CD) or a digital versatile disk (DVD), or a camcoder, 
etc. However, the conventional driving apparatus for the 
LCD cannot correct a gamma Voltage enough to be Suitable 
for each image Signal from the various peripheral equipment 
because the gamma Voltage has been fixed by a predeter 
mined Voltage-divided resistance ratio. As a result in the 
case of displaying an image Signal inputted from the periph 
eral equipment, the conventional LCD presents color dis 
tortion, etc., of a displayed image, depending on the type of 
the peripheral equipment to thereby cause a deterioration in 
quality of the displayed image. 

0.019 Also, the conventional LCD has a problem in that, 
Since it has a poor correlative color temperature, it cannot 
obtain constant chrominance co-ordinates in accordance 
with a value of the input data. In other words, as can be seen 
from the color co-ordinates of FIG. 7 that is indicated by the 
XYZ system defined by the Committee International Ellu 
mination (CIE), the LCD has a serious variation in a 
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correlative color temperature because it has a wide and 
irregular correlative color temperature distribution. If a 
variation in the correlative color temperature is Serious, it 
becomes difficult to provide a color expression correspond 
ing to a desired gray level value for a black and white image 
as well as for a color image and hence a displayed image 
becomes unnatural. 

0020. In FIG. 7, the horizontal axis and the vertical axis 
represent independent parameterS X and y, respectively, 
when a color is displayed by the CIE co-ordinate System. 
The Solid line indicates a color temperature of an ideal 
blackbody emitting a light identical to a light from a light 
Source. In FIG. 7, “” represents a correlative color tem 
perature according to a gray level value of an input image. 
Ds represents a Standard light Source corresponding to 
Sunshine in broad daylight in which a correlative color 
temperature is 6504K, whereas C represents a Standard light 
Source corresponding to average Sunshine on a cloudy day in 
which a correlative color temperature is 6774 K. In reality, 
Since only Video data corresponding to the highest bright 
neSS in the LCD has an appropriate color temperature value, 
a real image is observed at a white level. However, a real 
image is observed at a blue color because a correlative color 
temperature is considerably high when a digit Value of a 
Video data is Small, that is, when it is dark, whereas it is 
observed at a slight blue color in the case of a Video data 
digit Value having a middle brightness. AS a result, Since the 
Screen is observed with a bluish color as a whole, it becomes 
difficult to provide a natural color display. This is caused by 
physical and optical characteristics of a liquid crystal. There 
is a limit in Solving Such a problem by a correction of the 
gamma Voltage. 

SUMMARY OF THE INVENTION 

0021 Accordingly, it is an object of the present invention 
to provide a gamma Voltage and Video data correcting 
apparatus and method in a liquid crystal display that is 
capable of improving a display quality of the LCD. 

0022. In order to achieve these and other objects of the 
invention, a gamma Voltage correcting apparatus for a liquid 
crystal display according to one aspect of the present inven 
tion includes memory means for Storing a gamma data for 
controlling a gamma Voltage for each of at least two modes, 
control means for accessing the gamma data for each mode 
in response to an instruction from a user; and multi-channel 
gamma Voltage generator for responding to gamma data in 
a mode Selected by the control means to generate n gamma 
voltages (wherein n is an integer) having a different voltage 
level indicating by the gamma data in the Selected mode. The 
gamma Voltage correcting apparatus further includes a col 
umn driver for correcting the Video data using the gamma 
Voltage from the multi-channel gamma Voltage generator 
and Supplying it to the data lines. 
0023) A video data correcting apparatus for a liquid 
crystal display according to another aspect of the present 
invention includes memory means for Storing a lookup table 
in which a color temperature correction data for correcting 
a color temperature characteristic of an input image is Set in 
correspondence with a gray level value of the input image; 
memory control means for accessing the lookup table of the 
memory means in accordance with the gray level value of 
the input image to read out a color temperature correction 
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data corresponding to the gray level value of the input 
image; and data driving means for driving the data lines 
using the color temperature correction data from the 
memory control means. The gamma Voltage correcting 
apparatus further includes a row driver for Sequentially 
applying a Scanning pulse to the gate lines to drive the gate 
lines, and a timing controller for Supplying the input image 
to the memory control means and for applying a desired 
timing control Signal to the row driver. 
0024. A gamma Voltage correcting method for a liquid 
crystal display according to Still another aspect of the 
present invention the Steps of Storing a gamma data for 
controlling a gamma Voltage for each of at least two modes, 
accessing the gamma data for each mode in response to an 
instruction from a user; Selecting any one of the gamma data 
for each mode, and responding to a gamma data in the 
Selected mode to generate n gamma Voltages (wherein is an 
integer) having a different voltage level indicating by the 
gamma data in the Selected mode. The gamma is Set differ 
ently in accordance with each mode Set in correspondence 
with a peripheral equipment changeable with the liquid 
crystal display. 

0.025 A gamma voltage correcting method for a liquid 
crystal display according to Still another aspect of the 
present invention the Steps of providing a lookup table in 
which a color temperature correction data for correcting a 
color temperature characteristic of an input image is Set in 
correspondence with a gray level value of the input image; 
accessing the lookup table in accordance with the gray level 
value of the input image to read out a color temperature 
correction data corresponding to the gray level value of the 
input image; and driving the data lines using the color 
temperature correction data. The color temperature correc 
tion data is a data measured after controlling the input image 
Such that a color temperature of a display image on the liquid 
crystal display maintains approximately 6500 K. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026. These and other objects of the invention will be 
apparent from the following detailed description of the 
embodiments of the present invention with reference to the 
accompanying drawings, in which: 

0.027 FIG. 1 is a block diagram showing a configuration 
of a conventional liquid crystal display; 

0028 FIG. 2 is a detailed block diagram of the column 
driver shown in FIG. 1; 

0029 FIG. 3 is a characteristic graph of a gamma voltage 
generated from the gamma Voltage generator shown in FIG. 
1; 

0030 FIG. 4 is a characteristic graph representing bright 
neSS corresponding to the gamma Voltage; 

0.031 FIG. 5 is a waveform diagram of a voltage applied 
to a liquid crystal cell by the gamma Voltage; 

0.032 FIG. 6 is a detailed circuit diagram of the gamma 
voltage generator and the column driver shown in FIG. 1; 

0.033 FIG. 7 is a color co-ordinate graph for explaining 
a color distortion phenomenon in the conventional liquid 
crystal display; 
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0034 FIG. 8 is a block diagram showing a configuration 
of a liquid crystal display according to an embodiment of the 
present invention; 

0035 FIG. 9 is a detailed block circuit diagram of the 
multi-mode gamma Voltage generator and the column driver 
shown in FIG. 8: 

0036 FIG. 10 is a detailed block diagram of the multi 
channel digital to analog converter shown in FIG. 9; 
0037 FIG. 11 illustrates a signal format of gamma data 
generated from the multi-mode gamma Voltage generator 
shown in FIG. 8: 

0038 FIG. 12 is a block diagram showing a configura 
tion of a liquid crystal display according to a Second 
embodiment of the present invention; 
0039 FIG. 13 is a detailed block circuit diagram of the 
memory/gamma controller and the column driver shown in 
FIG. 12; 
0040 FIG. 14 is a block diagram showing a configura 
tion of a liquid crystal display according to a third embodi 
ment of the present invention; 

0041 FIG. 15 is a detailed block circuit diagram of the 
timing/gamma controller and the column driver shown in 
FIG. 14; 
0042 FIG. 16 is a block diagram showing a configura 
tion of a liquid crystal display according to a fourth embodi 
ment of the present invention; 
0043 FIG. 17 is a detailed block diagram of the lookup 
table driver shown in FIG. 16; 

0044 FIG. 18 is a characteristic graph representing gray 
levels of data having a color temperature corrected by means 
of the lookup table driver shown in FIG. 16 and an input 
digital Video data; 
004.5 FIG. 19 is a characteristic diagram for comparing 
a corrected color temperature in the present liquid crystal 
panel with the color temperature in the convention liquid 
crystal panel; 

0046 FIG. 20 is a characteristic graph representing a 
correlative color temperature of the liquid crystal panel 
having a corrected color temperature; and 
0047 FIG. 21 is a characteristic graph comparing 
chrominance co-ordinates of an input image with those of a 
displayed image in the conventional liquid crystal panel So 
as to show a color reappearance effect according to a color 
temperature correction. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0048 Referring to FIG. 8, there is shown a liquid crystal 
display (LCD) according to a first embodiment. The LCD 
includes a digital Video card 81 for converting an input 
image Signal into digital Video data, a multi-mode gamma 
Voltage generator 84 for generating a gamma Voltage using 
multi-mode gamma data Set in advance in correspondence 
with various peripheral equipment, a column driver 83 for 
Supplying data to data lines DL of a liquid crystal panel 86, 
a row driver 85 for sequentially driving gate lines GL of the 
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liquid crystal panel 86, and a controller 82 for controlling the 
column driver 83 and the row driver 85. 

0049. The multi-mode gamma voltage generator 84 
Stores therein gamma data in consideration of an electro 
optical characteristic of a liquid crystal device So as to 
provide a natural display on the liquid crystal panel 86 of an 
original image input from the peripheral equipment, Such as 
a personal computer, a television, an optical recording 
medium player or a camcoder. Also, the multi-mode gamma 
Voltage generator 84 is connected to a user interface, for 
example, an on Screen display key on a case, a remote 
control, a mouse, or a keyboard to Select a Specified mode 
gamma data in accordance with an instruction from a user. 
By utilizing the Selected gamma data, the multi-mode 
gamma Voltage generator 84 divides a gamma Voltage into 
a gray level range to be displayed and applies it to the 
column driver 83. 

0050 Adot clock Dclk, along with red (R), green (G) and 
blue (B) digital video data, from the controller 82 is input to 
the column driver 83. The column driver 83 latches the R, 
G and B digital video data in synchronization with the dot 
clock Dclk and thereafter corrects the latched data in accor 
dance with a gamma Voltage Vy from the gamma Voltage 
generator 84. Further, the column driver 83 converts the data 
corrected by the gamma Voltage Vy into analog data to apply 
it to the data lines DL for each line. To this end, the column 
driver 83 includes a latch, a digital to analog converter 
(DAC), an output buffer and an address shift register. 
0051 Referring to FIG. 9, the multi-mode gamma volt 
age generator 84 includes a gamma controller 91 connected 
to a user interface 100, and a memory 92, a multi-channel 
DAC and a buffer unit 94 and a gamma voltage output 95 
connected between the gamma controller 91 and a DAC 96 
of the column driver 83. 

0.052 The gamma controller 91 is connected between the 
user interface 100 and the memory 92 to control the memory 
92 in accordance with a user instruction from the user 
interface 100. To this end, the gamma controller 91 is 
connected to the user interface 100 by a wire or wireless 
System and is connected, via an I°C (for example), to the 
memory 92 to thereby apply I°C data interpreting the user 
instruction and an IC clock to the memory 92. The gamma 
controller 91 is preferably implemented with a microcom 
puter. 

0053. The memory 92 is changeable with peripheral 
equipment and Stored therein is a multi-mode gamma data 
Set in consideration of a liquid crystal display characteristic. 
The gamma data can be experimentally determined to pro 
vide a normal picture quality on the liquid crystal panel 86 
after displaying Signals from the changeable peripheral 
equipment. Such gamma data is input to the multi-channel 
DAC 93 as a desired bit (e.g., 6-bit) serial input data to 
indicate a gamma reference Voltage for each mode. The 
memory 92 is preferably implemented with EEPROM or 
EPROM, etc. 

0054) The multi-channel DAC 93 is connected between 
the memory 92 and the buffer unit 94 to interpret serial 
gamma data inputted from the memory 92, thereby output 
ting eight gamma reference Voltages GMA1 to GMA8 
indicated by the serial gamma data. The buffer unit 94 
consists of a Voltage follower connected, in Series, between 
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an output terminal of the multi-channel DAC 93 and the 
gamma voltage output 95. The buffer unit 94 stabilizes the 
eight gamma reference voltages GMA1 to GMA8 and 
applies them to the gamma Voltage output 95. The inputs/ 
outputs of the memory 92 and the multi-channel DAC 93 are 
Synchronized with each other by clock signals, IC clock and 
Serial Clock. 

0055. The gamma voltage output 95 consists of a serial 
connection of 64 resistors R1 to R64. The gamma voltage 
output 95 Sub-divides the eight gamma reference Voltages 
GMA1 to GMA8 into 64 gamma voltages and applies them 
to the DAC 96. The DAC 96 includes a data input 99 
receiving 6-bit data D0 to D5 from a latch of the column 
driver (not shown), and a decoder 98 connected between the 
data input 99 and the gamma voltage output 95. The data 
input 99 includes an inverter for inverting a logical value of 
each data bit So as to generate an inverted Signal and a 
non-inverted Signal of the data and to apply them to the 
decoder 98. The decoder 98 consists of a plurality of logical 
elements in an array So as to Select any one of the 64 gamma 
Voltages Vy in accordance with the inverted and non 
inverted data from the data input 99 and to apply the selected 
gamma voltage Vy to the output buffer 97. 

0056 Referring to FIG. 10, the multi-channel DAC 93 is 
Supplied with a driving Voltage Vcc and a ground Voltage 
GND, and includes: a data receiver 101 to which a serial 
gamma data Signal, Serial Data, and a clock signal, Serial 
Clock, are input from the memory 92; a reference Voltage 
generator 102 to which a Supply Voltage Vdd is input; and 
a plurality of digital to analog converters (DACs) commonly 
connected to the data receiver 101 and the reference voltage 
generator 102. 

0057 The data receiver 101 applies gamma data from the 
memory 92 commonly to a plurality of DACs 103A to 103H. 
The reference voltage generator 102 divides the supply 
Voltage Vdd to generate reference Voltages having a different 
Voltage level for each mode, and applies the reference 
voltages to the DACs 103A to 103H. 
0058 As shown in FIG. 11, the gamma data inputted to 
the DACs 103A to 103H is an 18-bit data packet including 
one start bit S, four address bits A0 to A3, four Sub-address 
bits SA to SD, one data header bit A, and six gamma data bits 
D0 to D5. The start bit S indicates a start of the data packet. 
The address bits A0 to A3 assign each of the DACs 103A/to 
103H, while the sub-address bits SA to SD assign each 
address in the DACS 103A to 103H. The header bit A 
indicates an initiation of the gamma data bits D0 to D5. The 
DACs 103A to 103H interpret serial gamma data from the 
data receiver 101 and output eight gamma reference Voltages 
GMA1 to GMA8 assigned by the gamma data. 
0059 An example of the gamma reference voltages 
GMA1 to GMA8 for each mode, Modes A to D, output from 
the DACs 103A to 103H is given by the following table: 

TABLE 1. 

Mode 
Gamma Mode A Mode B Mode C Mode D 

GMA 1 0.1875 0.3750 0.5625 0.7500 
GMA 2. 18750 2.0625 2.25OO 2.4375 
GMA 3 3.3750 3.5625 3.7500 3.9375 
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TABLE 1-continued 

Mode 
Gamma Mode A Mode B Mode C Mode D 

GMA 4 5.0625 5.2500 5.4375 5.6250 
GMA 5 6.7500 6.9375 7.1250 7.3125 
GMA 6 8.4375 8.62SO 8.8125 9.OOOO 
GMA 7 10.1250 10.3125 10.5OOO 10.6875 
GMA 8 11.8125 11.625O 11.4375 11.25OO 

0060 Asseen from Table 1 and FIG. 10, the DACs 103A 
to 103H output Specified mode gamma reference Voltages 
GMA1 to GMA8 in accordance with a logical value of the 
gamma data. In the case of outputting a gamma reference 
voltage in the Mode A, the first DAC 103A responds to a 
gamma data 000001 to select 0.1875 V in the reference 
Voltages from the reference Voltage generator 102 while the 
second to eighth DACs 103B to 103H output other gamma 
reference voltages GMA2 and GMA8 in the Mode A, 
respectively. 

0061 The gamma reference voltages GMA1 to GMA8 
Selected for each mode Ato D in this manner are divided into 
64 gamma Voltages by means of the gamma Voltage output 
95. The gamma voltages in the Mode A are given by the 
following tables 2-1 and 2-2: 

Table 2-1 

Gamma DAC DAC Output (V) 
Data Output when Wref = 12 V 

OOOOOO VSS OOOOO 
OOOOO Vreff G4 0.1875 
OOOO 1 O 2Vreff 64 0.3750 
OOOO 3Vreff 64 0.5625 
O OO 1 OO 4Vreff 64 0.7500 
O OO 1 O 5Vreff G4 0.9375 
O OO 1 1 O 6Vreff G4 1.1250 
O OO 1 7Vreff G4 13125 
OO 1 OOO 8Vreff 64 1.5OOO 
OO 1 OO 9Vreff 64 1.6875 
OO 1 O 1 O 1OVreff G4 18750 
OO 1 O 11Vreff G4 2.0625 
OO 1 1 OO 12Vreff G4 2.25OO 
OO 1 1 O 13Vreff G4 2.4375 
OO 1 1 1 O 14Vreff G4 2.62SO 
OO 11 15Vref/64 2.81.25 
O 1 OOOO 16Vreff G4 3.OOOO 
O 1 OOO 17Vref/64 3.1875 
O 1 OO 1 O 18Vreff G4 3.3750 
O 1 OO 19Vref/64 3.5625 
O 1 O 1 OO 2OVreff G4 3.7500 
O 1 O 1 O 21Vreff G4 3.9375 
O 1 O 1 1 O 22Vreff G4 4.1250 
O 1 O 1 23Vref/64 4.3125 
O 1 1 OOO 24Vreff G4 4.5OOO 
O 1 1 OO 25Vref/64 4.6875 
O 1 1 0 1 O 26Vreff G4 4.87SO 
O 1 1 O 27Vref/64 5.0625 
O 1 1 1 OO 28Vreff G4 5.2500 
O 1 1 1 O 29Vref/64 5.4375 
O 1 1 1 1 O 3OVref/64 5.6250 
O 111 31Vreff G4 5.8125 
1 OOOOO 32Vref/64 6.OOOO 
1 OOOO 33Vref/64 6.1875 
1 OOO 1 O 34Vreff G4 6.3750 
1 OOO 3SVreff G4 6.5625 
1 OO 1 OO 36Vreff G4 6.7500 
1 OO 1 O 37Vref/64 6.9375 
1 OO 1 1 O 38Vref/64 7.1250 
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Table 2-1-continued 

Gamma DAC DAC Output (V) 
Data Output when Wref = 12 V 

OO 1 39Vref/64 7.3125 
O 1 OOO 4OVreff G4 7.5OOO 
O 1 OO 41Vreff G4 7.6875 
O 1 O 1 O 42Vreff G4 7.8750 
O 1 O 43Vreff G4 8.0625 
O 1 1 OO 44Vreff G4 8.25OO 
O 1 1 O 45Vref/64 8.4375 
O 1 1 1 O 46Vreff G4 8.625O 
O 11 47Wretfö4 8.8125 
OOOO 48Vreff G4 9.OOOO 
OOO 49Wreff G4 9.1875 
OO 1 O 5OVref/64 9.3750 
OO 51Vref/64 9.5625 
O 1 OO 52Vref/64 9.7500 
O 1 O 53Vref/64 9.9375 
O 1 1 O 54Vref/64 10.1250 
O 1 55Vref/64 1O-3125 
1 OOO 56Vref/64 10.45OO 
1 OO 57Vref/64 10.6875 
1 O 1 O 58Vref/64 10.8750 
1 O 59Vref/64 11.0625 
1 1 OO 6OVreff G4 11.25OO 
1 1 O 61Vreff G4 11.4375 
1 11 O 62Vreff G4 11.625O 
11 64Vreff G4 11.8125 

0062) Referring now to FIG. 12, there is shown an LCD 
according to a Second embodiment. The LCD includes a 
digital Video card 121 for converting an input image Signal 
into a digital Video data, a memory/gamma controller 124 
for applying to a column driver 123 multi-mode gamma data 
“YData” preset in advance in correspondence with various 
peripheral equipment, a row driver 85 for Sequentially 
driving gate lines GL of a liquid crystal panel 126, and a 
controller 122 for controlling the column driver 123 and the 
row driver 125. 

0063. The memory/gamma controller 124 is stored with 
multi-mode gamma data y Data in consideration of an 
electro-optical characteristic of a liquid crystal device So as 
to provide a natural display of an original image inputted 
from the peripheral equipment, Such as a personal computer, 
a television, an optical recording medium player or a cam 
coder, on the liquid crystal panel 126. Also, the memory/ 
gamma controller 124 is connected to a user interface to 
Select a Specified mode gamma data y Data in accordance 
with an instruction from a user. The gamma data y Data 
selected in this manner is input to the column driver 123. 
The gamma data y Data and a clock signal Clock are 
delivered, preferably via an I°C bus line, to the column 
driver 123. 

0064. The column driver 123 receives a dot clock Dclk, 
along with red (R), green (G) and blue (B) digital video data, 
from the controller 122 and, at the same time, receives the 
gamma data y Data and the clock signal Clock from the 
memory/gamma controller 124. The column driver 123 
latches the R, G and B digital Video data in Synchronization 
with the dot clock Dclk and thereafter generates a gamma 
Voltage in the Mode A to D Selected by the gamma data Y 
Data using the latched data. The gamma Voltage generated 
from the column driver 123 is selected in accordance with a 
brightness of the video data to be applied to the data lines DL 
of the liquid crystal panel 126. To this end, the column driver 
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123 includes a latch, a digital to analog converter (DAC), an 
output buffer and an address shift register to proceSS data 
from the controller 122. Further, the column driver includes 
a circuit for responding to the gamma data y Data to generate 
a gamma Voltage. 
0065 Referring to FIG. 13, the column driver 123 
includes a multi-channel DAC 132 for receiving the gamma 
data y Data and the clock Signal Clock from the memory/ 
gamma controller 124, a data input 134 for receiving data 
from a latch (not shown), a buffer unit 133 and a decoder 135 
connected between the data input 134 and the multi-channel 
DAC 132, and an output buffer 136 connected between the 
decoder 135 and the data lines DL of the liquid crystal panel 
126. 

0.066 The memory/gamma controller 124 is connected 
between a user interface 130 and the column driver 123 to 
output the gamma data y Data in the Specified modes, Mode 
A to Mode D, along with the clock Signal Clock in accor 
dance with a user instruction from the user interface 130. To 
this end, the memory/gamma controller 124 is gamma data 
having logical values Set in response to a plurality of modes 
corresponding to the peripheral equipment interchangeable 
with the LCD. The memory/gamma controller 124 is inte 
grated into a single chip in which the gamma controller 91 
in FIG. 9 is integrated with the memory 92 in FIG. 9. 
0067. The multi-channel DAC 132 is provided with: a 
plurality of DACs for dividing a supply voltage Vdd to 
generate gamma reference Voltages included in each mode, 
Mode Ato D, DACS for Selecting gamma reference Voltages 
in accordance with a logical value of the gamma data y Data; 
and DACS for dividing gamma reference Voltages Selected 
for each mode, Modes A to D, to generate 64 gamma 
Voltages. Accordingly, Since the multi-channel DAC 132 
uses the above-mentioned DACS So as to generate gamma 
Voltages Selected for each mode, it does not require Voltage 
dividing resistors. 
0068. The buffer unit 133 consists of a voltage follower 
connected, in Series, between an output terminal of the 
multi-channel DAC 132 and the decoder 135. The buffer 
unit 133 stabilizes the 64 gamma voltages selected for each 
mode and applies them to the decoder 135. The data input 
134 includes an inverter for inverting a logical value of each 
data bit So as to generate an inverted Signal and a non 
inverted Signal of the data and to apply them to the decoder 
135. The decoder 135 consists of a plurality of logical 
elements in an array So as to Select any one of the 64 gamma 
Voltages in accordance with the inverted and non-inverted 
data from the data input 99 and to apply the Selected gamma 
voltage to the output buffer 136. The multi-channel DAC 
132 and the buffer unit 133 and the data input 134, the 
decoder 135 and the output buffer are integrated into a single 
chip within the column driver 123. 
0069. Referring to FIG. 14, there is shown an LCD 
according to a third embodiment. The LCD includes a digital 
Video card 141 for converting an input image Signal into 
digital Video data, a timing/gamma controller 142 for apply 
ing multi-mode gamma data y Data and R, G and B data 
preset in advance in correspondence with various peripheral 
equipment to a column driver 143, and a row driver 144 for 
Sequentially driving gate lines GL of a liquid crystal panel 
145. 

0070 The timing/gamma controller 142 supplies R, G 
and B digital video data from the digital video card 141 and 
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applies a gate start pulse GSP to the row driver 144. Also, 
the timing/gamma controller 142 applies a timing Signal 
generated by horizontal/vertical signals H and V input from 
the digital video card 141 to the column driver 143 and the 
row driver 144. The timing/gamma controller 142 is stored 
with multi-mode gamma data "Y Data' in consideration of an 
electro-optical characteristic of a liquid crystal device So as 
to provide a natural display on the liquid crystal panel 126 
of an original image input from the peripheral equipment, 
Such as a personal computer, a television, an optical record 
ing medium player or a camcoder. Further, the timing/ 
gamma controller 142 is connected to a user interface to 
Select a Specified mode gamma data y Data in accordance 
with an instruction from a user. The gamma data y Data 
selected in this manner is input to the column driver 143. 
The gamma data y Data and clock Signal Clock are deliv 
ered, preferably bus line, to the column driver 143. To this 
end, the timing/gamma controller 142 is integrated into a 
Single chip incorporating the gamma controller 91 and the 
memory 92 in FIG. 9 and the controller 122 in FIG. 12. 
0071. The column driver 143 receives a dot clock Dclk, 
along with red (R), green (G) and blue (B) digital video data, 
from the timing/gamma controller 142 and, at the Same time, 
receives the gamma data y Data and the clock Signal Clock 
from the timing/gamma controller 142. The column driver 
143 latches the R, G and B digital video data in synchro 
nization with the dot clock Dclk and thereafter generates a 
gamma Voltage in the Mode A to D Selected by the gamma 
data y Data using the latched data. The gamma Voltage 
generated from the column driver 143 is selected in accor 
dance with a brightness of the Video data to be applied to the 
data lines DL of the liquid crystal panel 145. To this end, the 
column driver 143 includes a latch, a digital to analog 
converter (DAC), an output buffer and an address shift 
register So as to process data from the timing/gamma con 
troller 142. Further, the column driver 143 includes a circuit 
for responding to the gamma data y Data to generate a 
gamma Voltage. 

0072 Referring to FIG. 15, the column driver 143 
includes a multi-channel DAC 152 for receiving the gamma 
data y Data and the clock signal Clock from the timing/ 
gamma controller 142, a data input 154 for receiving data 
from a latch (not shown), a buffer unit 153 and a decoder 155 
connected between the data input 154 and the multi-channel 
DAC 152, and an output buffer 156 connected between the 
decoder 155 and the data lines DL of the liquid crystal panel 
145. 

0073. The multi-channel DAC 152 of the column driver 
143 is connected between the timing/gamma controller 142 
and the buffer unit 153 to interpret the gamma data y Data 
input from the timing/gamma controller 142, thereby out 
putting 64 gamma Voltages corresponding to the modes, 
Mode A to D, indicated by the gamma data y Data. The 
multi-channel DAC 152 is provided with: a plurality of 
DACS for dividing a Supply Voltage Vdd to generate gamma 
reference Voltages included in each mode, Mode A to D, 
DACS for Selecting gamma reference Voltages in accordance 
with a logical value of the gamma data y Data, and DACS for 
dividing gamma reference Voltages Selected for each mode, 
Mode A to D, to generate 64 gamma Voltages. Accordingly, 
since the multi-channel DAC 152 use the above DACs. So as 
to generate gamma Voltages Selected for each mode, it does 
not require Voltage-dividing resistors. 
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0074 The buffer unit 153 consists of a voltage follower 
connected, in Series, between an output terminal of the 
multi-channel DAC 152 and the decoder 155. The buffer 
unit 153 stabilizes the 64 gamma voltages selected for each 
mode and applies them to the decoder 155. The data input 
154 includes an inverter for inverting a logical value of each 
data bit So as to generate an inverted Signal and a non 
inverted Signal of the data and to apply them to the decoder 
155. The decoder 155 consists of a plurality of logical 
elements in an array So as to Select any one of the 64 gamma 
Voltages in accordance with the inverted and non-inverted 
data from the data input 154 and to apply the selected 
gamma voltage to the output buffer 156. The multi-channel 
DAC 152 and the buffer unit 153 and the data input 154, the 
decoder 155 and the output buffer 156 are integrated into a 
single chip within the column driver 143. 
0075) Referring to FIG. 16, there is shown an LCD 
according to a fourth embodiment. The LCD includes a 
digital Video card 161 for converting an input image Signal 
into digital video data, a column driver 163 for Supplying 
data to data lines DL of a liquid crystal panel 166, a row 
driver 165 for sequentially driving gate lines GL of a liquid 
crystal panel 165, a multi-mode gamma Voltage generator 
164 for generating a gamma Voltage, a lookup table driver 
167 for correcting a color temperature of Video data, and a 
controller 162 for controlling the column driver 163 and the 
row driver 165. 

0.076 The digital video card 161 converts an analog input 
image Signal into a digital image Signal Suitable for the 
liquid crystal panel 166 and detects a Synchronous signal 
included in the image Signal. The controller 162 Supplies R, 
G and B digital video data from the digital video card 161 
to the lookup table driver 167. The controller 162 generates 
a dot clock Dclk and a gate Start pulse GSP using horizontal/ 
Vertical Synchronizing Signals H and V input from the digital 
video card 161 to perform a timing control of the column 
driver 163 and the row driver 165. 

0077. The column driver 163 is supplied with R, G and 
B data having color temperatures corrected by the lookup 
table driver 167. The column driver 163 corrects the color 
temperature correction data CR, CG and CB from the lookup 
table driver 167 by a gamma voltage Vy applied from the 
gamma Voltage generator 164 and Supplies the connected 
data to the data lines DL of the liquid crystal panel 166. 
0078. The row driver 165 includes a shift register for 
responding to the gate Start pulse GSP input from the 
controller 162 to Sequentially generate a Scanning pulse, and 
a level shifter for shifting a Voltage of the Scanning pulse to 
a Voltage level Suitable for driving the liquid crystal cell. 
Video data at the data line DL is applied to a pixel electrode 
of the liquid crystal cell Clc by the TFT in response to the 
Scanning pulse input from the row driver 165. The gamma 
Voltage generator 164 generates a gamma Voltage Vy Set to 
have a different direct current level in accordance with a 
gray level value, in consideration of an electro-optical 
characteristic of the liquid crystal device to be applied to the 
column driver 163. 

007.9 The lookup table driver 167 corrects a color tem 
perature of the R, G and B video data from the controller 162 
Such that a correlative color temperature of data displayed 
on the liquid crystal panel 166 is identical to a Des light 
Source having approximately 6500 K. As shown in FIG. 17, 
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the lookup table driver 167 includes a memory 172 for 
Storing the color temperature correction data CR, CG and 
CB, and a memory controller 171 for controlling the 
memory 172. 
0080. The color temperature correction data CR, CG and 
CB stored in the memory 172 is determined by a procedure 
to be described below. First, the conventional LCD having 
no lookup table driver is driven to measure gray level values 
of input digital Video data R, G and B and a correlative color 
temperature of a display image according to the gray level 
values. The gray level values of the input Video digital data 
R, G and B are adjusted Such that color co-ordinates 
according to each gray level value of the input digital Video 
data R, G and B becomes Des and the brightness maintains 
the brightness values of the input digital Video data R, G and 
B as they were before color correction. If a display image for 
this adjusted data is identical to color co-ordinates of the Des 
light Source and the brightness of the input digital Video data 
R, G and B is maintained as-is, then the adjusted data is 
stored as color temperature correction data CR, CG and CB 
in the lookup table memory 172. The color temperature 
correction data CR, CG and CB other than the color tem 
perature correction data CR, CG and CB, determined in this 
manner, is determined by a linear interpolation as shown in 
FIG. 18. 

0081. The memory controller 171 reads out from the 
memory 172 the color temperature correction data CR, CG 
and CB corresponding to gray level values of the Video data 
R, G and B input from the timing controller 162 and supplies 
the data to the column driver 163. 

0082 Since the conventional LCD has a high correlative 
color temperature, it expresses a blue color mainly. On the 
other hand, in the LCD according to the present invention, 
a brightness value of the blue color temperature correction 
data CB reduced to be less than that of the input digital video 
data R, G and B as can be seen from FIG. 18. A brightness 
value of the red color temperature correction data CR is 
increased to be more than that of the input digital Video data 
R, G and B. A brightness value of the green color tempera 
ture correction data CG is virtually unchanged and is almost 
identical to that of the input digital video data R, G and B. 
For instance, when brightness values of the red, green and 
blue digital video data R, G and B in the conventional LCD 
having no lookup table driver are 195, 195 and 195, respec 
tively, a brightness value of a real display image is 111cd/ 
m. 

0083. A brightness value of the red color temperature 
correction data CR correcting Such input digital Video data 
R, G and B is increased to 204, while a brightness value of 
the blue color temperature correction data CB is decreased 
into 180. A brightness value of the green color temperature 
correction data CG becomes 195, which is identical to that 
of the green input digital Video data G. A real display image 
for the color temperature correction data CR, CG and CB 
after correcting the input digital Video data in this manner 
has a brightness value of 111 cd/m, which is equal to that 
of the input digital Video data before the correction. 
0084. If a gray level range to be displayed is 0 to 255, 
then values close to 0 (i.e., a minimum value of the linear 
correction data CR, CG and CB) and 255 (i.e., a maximum 
value of the linear correction data CR, CG and CB) are not 
corrected to maintain the contrast ratio, and become iden 
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tical to those of the input digital video data. Such non 
correction of values close to a gray level value of 0 is caused 
by a fact that Such correction almost does not make a color 
correction effect because a color perceiving ability of an 
observer is deteriorated in accordance with a reduction of 
the brightness in light of an observer's eyesight character 
istic. 

0085 FIG. 19 shows the result of a modeling experiment 
for obtaining a color temperature characteristic of a real 
image displayed on the liquid crystal panel 166 after cor 
recting data using the color temperature correction data CR, 
CG and CB. 

0086) Referring to FIG. 19, a color temperature of the 
conventional LCD varies over a range of approximately 
8800 K to 9800 K with respect to a gray level range of the 
input digital Video data corresponding to a range of 0 to 100, 
while it varies over a range of approximately 9800 K to 6500 
K with respect to a gray level range of the input digital video 
data corresponding to a range of 100 to 255. The conven 
tional LCD has a correlative color temperature characteristic 
distributed widely, whereas an LCD having corrected the 
input digital video data using the color temperature correc 
tion data CR, CG and CB maintains a color temperature of 
about 6500 K, equal to the Des light Source, in all gray level 
values except a gray level range of 0 to 50. The LCD 
according to the present invention allows color co-ordinates 
for each gray level value to be almost constantly maintained 
as shown in FIG. 20. 

0087 AS can be seen from FIG. 21, there is a large 
difference between chrominance coordinates of the input 
digital Video data R, G and B and those of a real image 
displayed on the liquid crystal panel 166. On the other hand, 
the LCD of FIG. 16 displays data corrected by the color 
temperature correction data CR, CG and CB in the lookup 
table, thereby allowing chrominance co-ordinates of a real 
image on the liquid crystal panel 168 to be almost close to 
the input digital Video data R, G and B So as to make a 
natural expression of a desired color. 

0088. In FIG.20 and FIG. 21, the horizontal axis and the 
Vertical axis represent independent parameterS X and y, 
respectively, in the CIE co-ordinate System. 

0089. As described above, according to the present 
invention, gamma data is Stored in the memory for each 
mode corresponding to various peripheral equipment inter 
changeable with the LCD, and a desired gamma Voltage is 
generated according to gamma data having a specified mode 
Selected by a user, using the gamma data for each mode 
Stored in the memory. Further, a color temperature charac 
teristic from the input digital video data is corrected in 
consideration of a color temperature characteristic of the 
liquid crystal panel. Such a color temperature characteristic 
correction maintains the brightness and contrast of an input 
image as-is, to thereby make a natural expression of a 
desired color on the liquid crystal panel. Accordingly, it 
becomes possible to improve a display quality of an image 
input from various peripheral equipment interchangeable 
with the LCD as well as to provide a better picture quality 
by a correction of a color temperature characteristic dis 
played on the liquid crystal panel. 

0090 Although the present invention has been explained 
by the embodiments shown in the drawings described above, 
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it should be understood to the ordinary skilled person in the 
art that the invention is not limited to the embodiments, but 
rather that various changes or modifications thereof are 
possible without departing from the Spirit of the invention. 
Accordingly, the Scope of the invention shall be determined 
only by the appended claims and their equivalents. 

What is claimed is: 
1. A gamma Voltage correcting apparatus for a liquid 

crystal display wherein a liquid crystal pixel is arranged at 
each interSection between data lines and gate lines and Video 
data is corrected by a preset gamma Voltage to display an 
image, Said apparatus comprising: 
memory means for Storing gamma data for controlling the 
gamma Voltage for each of at least two modes; 

control means for accessing the gamma data for each 
mode in response to an instruction from a user; and 

a multi-channel gamma Voltage generator for responding 
to the gamma data for a mode Selected by the control 
means to generate n gamma Voltages (wherein n is an 
integer) having a different voltage level indicated by 
the gamma data for the Selected mode. 

2. The gamma Voltage correcting apparatus according to 
claim 1, further comprising a column driver for correcting 
the Video data using the gamma Voltage from the multi 
channel gamma Voltage generator and Supplying the cor 
rected Video data to the data lines. 

3. The gamma Voltage correcting apparatus according to 
claim 2, further comprising a buffer unit for buffering a 
Signal having the gamma Voltage from the multi-channel 
gamma Voltage generator to apply it to the column driver. 

4. The gamma Voltage correcting apparatus according to 
claim 1, further comprising a Voltage-dividing resistor for 
dividing the n gamma Voltages into m gamma Voltages 
(wherein m is an integer larger than n) having a different 
Voltage level. 

5. The gamma Voltage correcting apparatus according to 
claim 1, where in the multi-channel gamma Voltage genera 
tor includes: 

a data receiver for receiving the gamma data and a clock 
Signal in the mode Selected by the control means, 

a reference Voltage generator for dividing an externally 
Supplied Supply Voltage to generate the gamma Volt 
ages having a different Voltage level; and 

in gamma Voltage selectors (wherein n is an integer) for 
interpreting the gamma data from the data receiver to 
Select a reference Voltage indicated by the gamma data 
for the gamma Voltages from the reference Voltage 
generator. 

6. The gamma Voltage correcting apparatus according to 
claim 1, wherein the memory means and the control means 
are integrated into a Single integrated circuit. 

7. The gamma Voltage correcting apparatus according to 
claim 2, further comprising: 

a row driver for Sequentially applying a Scanning pulse to 
the gate lines to drive the gate lines, and 

a timing controller for Supplying red, green and blue 
digital Video data to the column driver and for applying 
a desired timing control Signal to the row driver. 
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8. The gamma Voltage correcting apparatus according to 
claim 7, wherein the memory means, the control means and 
the timing controller are integrated into a single integrated 
circuit. 

9. A video data correcting apparatus for a liquid crystal 
display which includes a liquid crystal panel having a liquid 
crystal pixel arranged at each interSection between data lines 
and the gate lines, Said apparatus comprising: 
memory means for Storing a lookup table in which color 

temperature correction data for correcting a color tem 
perature characteristic of an input image is Set in 
correspondence with a gray level value of the input 
image, 

memory control means for accessing the lookup table of 
the memory means in accordance with the gray level 
value of the input image to read out the color tempera 
ture correction data corresponding to the gray level 
value of the input image; and 

data driving means for driving the data lines using the 
color temperature correction data from the memory 
control means. 

10. The gamma Voltage correcting apparatus according to 
claim 9, further comprising: 

a row driver for Sequentially applying a Scanning pulse to 
the gate lines to drive the gate lines, and 

a timing controller for Supplying the input image to the 
memory control means and for applying a desired 
timing control Signal to the row driver. 

11. The gamma Voltage correcting apparatus according to 
claim 9, wherein the color temperature correction data is 
measured after controlling the input image Such that a color 
temperature of a displayed image on the liquid crystal 
display maintains approximately 6500 K. 

12. The gamma Voltage correcting apparatus according to 
claim 9, wherein a displayed image of the liquid crystal 
display on which the color temperature correction data is 
displayed maintains a brightness and a contrast equal to the 
input image. 

13. A method of correcting a gamma Voltage in a liquid 
crystal display wherein a liquid crystal pixel is arranged at 
each interSection between data lines and gate lines and Video 
data is corrected by a preset gamma Voltage to display an 
image, Said method comprising: 

Storing gamma data for controlling the gamma Voltage for 
each of at least two modes; 

accessing the gamma data for each mode in response to an 
instruction from a user; 

Selecting any one of the gamma data for each mode; and 

responding to the gamma data for the Selected mode to 
generate n gamma Voltages (wherein n is an integer) 
having a different Voltage level indicated by the gamma 
data in the Selected mode. 

14. The method according to claim 13, wherein the 
gamma data is Set differently in accordance with each mode 
Set in correspondence with peripheral equipment inter 
changeable with the liquid crystal display. 

15. The method according to claim 13, wherein the 
gamma data is Set differently in accordance with each mode 
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Set in correspondence with an optical recording medium 
player, a television image Signal display device, and a 
camcoder. 

16. The method according to claim 13, further comprising 
the Steps of: 

dividing the n gamma Voltages into m gamma Voltages 
(wherein m is an integer larger than n) having a 
different voltage level; and 

correcting the Video data using the m gamma Voltages and 
Supplying the corrected Video data to the data lines. 

17. The method according to claim 16, further compris 
ing: 

buffering the m gamma Voltages and applying the buff 
ered m gamma Voltages to the column driver. 

18. A method of correcting Video data in a liquid crystal 
display which includes a liquid crystal panel having a liquid 
crystal pixel arranged at each interSection between data lines 
and gate lines, Said method comprising: 

providing a lookup table in which color temperature 
correction data for correcting a color temperature char 
acteristic of an input image is Set in correspondence 
with a gray level value of the input image; 

accessing the lookup table in accordance with the gray 
level value of the input image to read out color tem 
perature correction data corresponding to the gray level 
value of the input image; and 

driving the data lines using the color temperature correc 
tion data. 

19. The method according to claim 18, wherein the color 
temperature correction data is data measured after control 
ling the input image Such that a color temperature of a 
displayed image on the liquid crystal display maintains 
approximately 6500 K. 

20. The method according to claim 18, wherein a dis 
played image of the liquid crystal display on which data 
corrected by the color temperature correction data is dis 
played maintains a brightness and a contrast equal to the 
input image. 

21. A device for providing a desired gamma Voltage for a 
liquid crystal display (LCD), said device comprising: 

a memory for Storing gamma data corresponding to a 
plurality of modes; 

a controller for receiving an external mode signal and in 
response thereto Selecting Selected gamma data from 
the memory; and 

means for generating a plurality of gamma reference 
Voltages according to the Selected gamma data. 

22. The device of claim 21, wherein the means for 
generating the plurality of gamma reference Voltages com 
prises a multi-channel digital-to-converter (DAC). 

23. The device of claim 22 wherein the multi-channel 
digital-to-converter comprises: 

a reference Voltage generator for receiving a Supply 
Voltage and generating a plurality of reference Voltages, 

a data receiver for receiving the reference Voltages and the 
Selected gamma data and generating therefrom the 
plurality of gamma reference Voltages. 

Petitioner Hisense USA Corporation 
Exhibit 1007 - Page 31 of 32



US 2002/0063666 A1 

24. The device of claim 21, further comprising: 
a gamma Voltage generator receiving the plurality of 
gamma reference Voltages and generating therefrom a 
plurality of gamma Voltages. 

25. The device of claim 21, wherein the gamma voltage 
generator comprises a resistor divider network. 

26. The device of claim 24, further comprising means for 
Selecting the Selected gamma Voltage from the plurality of 
gamma Voltages. 

27. The device of claim 26, wherein the means for 
Selecting the Selected gamma Voltage comprises a DAC. 

28. The device of claim 21, wherein each of the plurality 
of modes corresponds to a different Source Video generator 
for providing video data to the LCD. 

29. A method of providing a desired gamma Voltage for a 
liquid crystal display, comprising: 

Storing gamma data corresponding to a plurality of modes 
in a memory device; 

receiving an external mode Signal and in response thereto 
Selecting Selected gamma data from the memory; and 
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generating a plurality of gamma reference Voltages 
according to the Selected gamma data. 

30. The method of claim 29, wherein generating the 
plurality of gamma reference Voltages comprises: 

receiving a Supply Voltage and generating therefrom a 
plurality of reference Voltages, and 

generating the plurality of gamma reference Voltages from 
the gamma data and the plurality of reference Voltages. 

31. The method of claim 29, further comprising generat 
ing a plurality of gamma Voltages from the plurality of 
gamma reference Voltages. 

32. The method of claim 31, wherein generating the a 
plurality of gamma Voltages comprises dividing the plurality 
of gamma reference Voltages in a divider network. 

33. The method of claim 31, further comprising selecting 
the Selected gamma Voltage from the plurality of gamma 
Voltages. 
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