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LIQUID CRYSTAL DISPLAY WITH AN
ADJUSTING FUNCTION OF A GAMMA CURVE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This Application is based on U.S. Provisional
Application No. 60/295,022 filed on Jun. 4, 2001, herein
incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The present invention relates to a liquid crystal
display and a method of driving the same and, more par-
ticularly, to a liquid crystal display which controls a gamma
curve to be adapted to the input gray scale data, thereby
displaying a high contrast screen image without any loss in
the gray scale data.

[0004] (b) Description of the Related Art

[0005] Generally, in the case of liquid crystal displays, the
required number of gray scale voltages is in direct propor-
tion to the number of data bits. For instance, three bits of
data correspond to eight gray scale voltages. Recently, it has
been proposed that six or eight bits of data might be used for
the display application, and hence, the required number of
gray scale data should be increased as much.

[0006] Meanwhile, it is difficult to make all of such
increased number of gray scale voltages in a separate
manner. Therefore, the drive IC for the liquid crystal display
receives only eight or nine gray scale voltages from the
outside while producing the intermediary gray scale voltages
in situ by way of resistance division.

[0007] For instance, ten gray scale voltages VO to V9 are
input from the outside, and the intermediary voltage values
are generated within the drive IC in accordance with a
predetermined rule. The sequence of the gray scale voltage
values is inclined while forming a curve. As the light
transmission of the liquid crystal is made in a nonlinear
manner, it should be corrected to obtain a uniform light
transmission characteristic. This is called the “gamma cor-
rection,” and the curve used for the gamma correction is
called the “gamma curve.”

[0008] FIGS. 1A to 1C are graphs illustrating such
gamma curves where the range of brightness is indicated as
a function of the range of gray scale data. As shown in FIG.
1A, the usual TFT LCD module is established to have a
gamma curve of y=2.2.

[0009] However, such a rigid gamma curve irrespective of
the input gray scale data involves several disadvantages.

[0010] In the case of a relatively bright screen image such
as a scene of seashore, most of the input gray scale data
involve high brightness and hence, contrast becomes to be
deteriorated over the entire screen area. That is, as shown in
FIG. 1B, the brightness range becomes shorter, resulting in
deteriorated contrast.

[0011] As shown in FIG. 1C, in the case of a relatively
dark screen image such as a scene of forest, most of the input
gray scale data involve low brightness and hence, contrast
again becomes to be deteriorated over the entire screen area.
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[0012] For this reason, in most of LCD monitors or
graphic cards, it is established that the user himself can
directly select and use a suitable gamma curve.

[0013] In case the user mainly makes use of a bright
screen, the gamma constant is established to be more than
2.2. By contrast, in case the user mainly uses a dark screen,
the gamma constant is established to be less than 2.2. In this
way, the brightness range becomes to be widened, thereby
enhancing the contrast.

[0014] However, the above-like technique of controlling
the gamma curve involves the following problems.

[0015] As the gamma curve is fixedly established or
manually controlled, the gamma curve control should be
made one by one at the respective display screen states. In
the case of y>2.2, the dark display screen becomes to be
darker while deteriorating the contrast. By contrast, in the
case of y<2.2, the bright display screen becomes to be
brighter while deteriorating the contrast.

[0016] Furthermore, in the case of y>2.2, the gray scale
data is taken away by a predetermined amount so that data
loss is made at the color area close to black. By contrast, in
the case of y<2.2, the gray scale data is added up by a
predetermined amount so that data loss is made at the color
area close to white. This makes it impossible to express all
of the desired gray scale data.

[0017] For instance, when zero (0) to sixty three (63) gray
scale data are displayed, the gray scale data may be shifted
through adding up or taking away four (4) gray scale data.
In this case, zero to third gray scale data close to full black,
or sixtieth to sixty third gray scale data close to full white are
lost.

[0018] Asthe gamma curve control is made in larger scale,
the amount of data irrelevant to the desired gray scale
expression is increased as much.

SUMMARY OF THE INVENTION

[0019] Itis an object of the present invention to provide a
liquid crystal display which can control a gamma curve
without any loss in gray scale data.

[0020] It is another object of the present invention to
provide a method of driving the liquid crystal display.

[0021] These and other objects may be achieved by a
liquid crystal display with the following features. The liquid
crystal display receives RGB gray scale signals from the
outside, and displays picture images on the basis of the
received RGB gray scale signals. The liquid crystal display
is provided with a liquid crystal display module. The liquid
crystal display module is adapted to the RGB gray scale
signals to control a gamma curve, and outputs one or more
variable gray scale voltages on the basis of the controlled
gamma curve.

[0022] According to one aspect of the present invention,
the liquid crystal display module includes a D/A converter
for converting digital type RGB gray scale data from the
picture signal source into analog type gray scale signals. A
gray scale voltage generation unit transforms the analog type
gray scale signals into a gamma curve with a predetermined
gamma constant, and outputs one or more rigid or variable
gray scale voltages on the basis of the gamma curve.
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[0023] According to another aspect of the present inven-
tion, the liquid crystal display module includes a gray scale
voltage generation unit. The gray scale voltage generation
unit transforms analog type gray scale signals from the
picture signal source into a gamma curve with a predeter-
mined gamma constant, and outputs one or more rigid or
variable gray scale voltages on the basis of the gamma
curve.

[0024] According to still another aspect of the present
invention, the liquid crystal display module includes a
screen brightness determination unit, and a gray scale volt-
age generation unit. The screen brightness determination
unit checks the RGB gray scale data from the picture signal
source to sense the level of the screen brightness, and
outputs a control voltage depending upon the sensed bright-
ness level. The gray scale voltage generation unit transforms
the control voltage into a gamma curve with a predetermined
gamma constant, and outputs one or more rigid or variable
gray scale voltages on the basis of the gamma curve.

[0025] The transformation of the control voltage into the
gamma curve is linearly or non-linearly made depending
upon the predetermined gamma constant. The transformed
gamma curve is placed at a high, middle and low levels, and
the inter-level distance at the central arca of the gamma
curve is larger than, or the same as the interlevel distance at
the side area thereof. The gamma constant is greater than the
gamma constant related to the middle gray scale level when
the brightness level of the display screen is higher than the
brightness level of the middle gray scale level, and smaller
than the gamma constant related to the middle gray scale
level when the brightness level of the display screen is lower
than the brightness level of the middle gray scale level.

[0026] The screen brightness determination unit includes a
square wave output unit, and an analog conversion unit. The
square wave output unit computes the average value of the
gray scale data input from the outside for 1H, and outputs a
predetermined duty signal based on the average value of the
gray scale data. The analog conversion unit analog-converts
the duty signal from the square wave output unit into a
control voltage, and outputs the control voltage to the gray
scale voltage generation unit.

[0027] The square wave output unit includes an addition
unit for adding up the respective RGB gray scale data, and
outputting the sum of gray scale data. A 1 line addition unit
adds up the sum of gray scale data for 1H, and outputs the
sum of gray scale data for 1H. A division unit divides the
sum of gray scale data for 1H by 3, and outputs the data
portion among the divided gray scale data corresponding to
a predetermined MSB. A counting unit sequentially down-
counts the MSB data, and outputs the down-counted num-
ber. A duty signal generation unit outputs a square wave
bearing a predetermined duty based on the down-counted
number.

[0028] The square wave output unit further includes a
pixel data conversion unit for assigning a weight to any one
of the RGB gray scale data.

[0029] The liquid erystal display includes a plurality of
gate lines, a plurality of data lines crossing over the gate
lines while being insulated from the gate lines, and pixels
formed in a matrix shape at the area surrounded by the gate
and data lines with switching circuits connected to the gate
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and the data lines. The method of driving the liquid crystal
display includes the steps of (a) sequentially transmitting
scanning signals to the gate lines, (b) receiving RGB gray
scale signals from an external picture signal source to
control a gamma curve while being adapted to the gray scale
signals, and outputting one or more variable gray scale
voltages based on the controlled gamma curve, and (c)
transmitting data voltages to the data lines based on the
variable gray scale voltages.

[0030] In the (b) step, one or more rigid gray scale
voltages are output based on the controlled gamma curve.

[0031] The (b) step includes the sub-steps of (b-1) com-
puting the average value of gray scale data input from the
picture signal source for 1H, and outputting a predetermined
duty signal based on the computed average value, (b-2)
analog-converting the duty signal into a control voltage, and
outputting the control voltage, and (b-3) transforming the
control voltage into a gamma curve with a predetermined
gamma constant, and outputting one or more variable gray
scale voltages based on the transformed gamma curve.

[0032] The (b-1) step includes the sub-steps of (b-11)
adding up the RGB gray scale data, (b-12) adding up the sum
of gray scale data for 1H, (b-13) dividing the sum of gray
scale data for 1H by 3, (b-14) extracting the data portion
from the divided gray scale data corresponding to a prede-
termined MSB, and outputting the extracted gray scale data,
(b-15) sequentially down-counting the MSB data, and out-
putting the down-counted number, and (b-16) outputting a
square wave bearing a predetermined duty based on the
down-counted number.

[0033] In the (b-3) step, one or more rigid gray scale
voltages are output based on the controlled gamma curve.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by refer-
ence to the following detailed description when considered
in conjunction with the accompanying drawings in which
like reference symbols indicate the same or the similar
components, wherein:

[0035] FIGS. 1A to 1C are graphs illustrating the varia-
tion in the brightness range as a function of gray scale data;

[0036] FIG. 2 is a block diagram of a liquid crystal display
according to a first preferred embodiment of the present
invention;

[0037] FIG. 3 is a block diagram of a screen determination
unit for the liquid crystal display shown in FIG. 2;

[0038] FIG. 4 is a block diagram of a square wave output
unit for the screen determination unit shown in FIG. 3;

[0039] FIG. 5 is a circuit diagram of an analog conversion
unit for the screen determination unit shown in FIG. 3;

[0040] FIG. 6 is a graph illustrating the simulation results
of several duty ratios per period of time;

[0041] FIG. 7 is a graph abstractly illustrating the simu-
lation results shown in FIG. 6;

[0042] FIG. 8 is a circuit diagram illustrating a gray scale
voltage generation unit for the screen determination unit
shown in FIG. 3;
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[0043] FIG. 9 is a graph illustrating the PSPICE-based
simulation results when the input voltage to the gray scale
voltage generation unit shown in FIG. 8 is varied in the
range of 0-3V;

[0044] FIG. 10 is a graph illustrating the brightness levels
as a function of the gray scale data;

[0045] FIG. 11 is a block diagram of a liquid crystal
display according to a second preferred embodiment of the
present invention,

[0046] FIG. 12 is a block diagram of a liquid crystal
display according to a third preferred embodiment of the
present invention; and

[0047] FIG. 13 illustrates the operational structure of the
liquid crystal display shown in FIG. 12.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0048] Preferred embodiments of this invention will be
explained with reference to the accompanying drawings.

[0049] FIG.2is ablock diagram of a liquid crystal display
according to a first preferred embodiment of the present
invention.

[0050] As shown in FIG. 2, the liquid crystal display
includes a picture signal source 100, and an LCD module
200.

[0051] The picture signal source 100 outputs picture
(RGB) signals and control signals to the LCD module 200.
The control signals include a horizontal synchronization
signal Hsync, a vertical synchronization signal Vsync, a data
enable signal DE, and a main clock signal MCLK.

[0052] The L.CD module 200 includes a screen brightness
determination unit 210, a gray scale voltage generation unit
220, a timing control unit 230, a data driver unit 240, a gate
driver unit 250, and an LCD panel 260. The LCD module
200 displays the desired picture image depending upon the
gamma curve adapted to the gray scale signals.

[0053] Specifically, the screen brightness determination
unit 210 receives the RGB gray scale signals from the
picture signal source 100, and checks the brightness level of
the respective gray scale signals to determine the degree of
screen brightness. The screen brightness determination unit
210 outputs control voltages VIN to the gray scale voltage
generation unit 220 depending upon the determined bright-
ness degree. The output control voltage VIN is directly or
inversely proportional to the determined brightness degree.

[0054] The gray scale voltage generation unit 220 receives
the control voltages VIN, and controls the gamma curve
based on the received control voltages VIN. The gray scale
voltage generation unit 220 outputs plural numbers of gray
scale voltages to the data driver unit 240 in accordance with
the controlled gamma curve. In case the gray scale voltage
generation unit 220 receives a control voltage directly
proportional to the brightness degree, it increases the posi-
tive gray scale voltage in proportion to the control voltage
while decreasing the negative gray scale voltage in inverse
proportion to the control voltage.

[0055] In case the gray scale voltage is established to be
v=2.2 in the display screen of a middle gray scale, a higher
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control voltage is output at the display screen brighter than
the middle gray scale display screen, and the gray scale
generation unit 220 controls the gamma curve using the
gamma constant of more than 2.2. In the display screen
darker than the middle gray scale display screen, a lower
control voltage is output, and the gray scale voltage gen-
eration unit 220 controls the gamma curve using the gamma
constant of less than 2.2.

[0056] The timing control unit 230 outputs picture data
and data control signals HCLK, STH and LOAD to the data
driver unit 240, and gate control signals Gate clock and STV
to the gate driver unit 250.

[0057] The data driver unit 240 receives the RGB picture
data and the data control signals from the timing control unit
230, and lowers the voltage value transmitted to each pixel
of the LCD panel 260 by the distance of one line depending
upon the adapted gray scale voltage from the gray scale
voltage generation unit 220. The gate driver unit 20 opens
pathway for transmitting the correct voltage value to each
pixel.

[0058] As described above, the gray scale data from the
picture signal source are analyzed to thereby determine the
degree of brightness over the entire screen area, and the gray
scale voltages for the LCD module are output based on the
determined brightness degree. In this way, the gamma curve
can be controlled at respective display screen states without
any loss in the gray scale data.

[0059] FIG. 3 specifically illustrates the screen brightness
determination unit shown in FIG. 2.

[0060] As shown in FIG. 3, the screen brightness deter-
mination unit 210 is formed with a square wave output unit
2110, and an analog conversion unit 2120. The screen
brightness determination unit 210 receives gray scale data
from the outside, and determines the degree of brightness
over the entire screen area. The screen brightness determi-
nation unit 210 outputs the determined brightness-leveled
voltage to the gray scale voltage generation unit 220.

[0061] Specifically, the square wave output unit 2110
outputs to the analog conversion unit 2120 a duty signal
Dout with a duty proportional to the average value of the
gray scale data input thereto for an hour of 1H.

[0062] For example, assume that in a case where the white
gray scale data are input over 1H, a 100% duty signal is
output. It follows that in a case where the middle gray scale
data are input over 1H, a 50% duty signal is output. By
contrast, when the black gray scale data are input over 1H,
a 0% duty signal is output. The square wave output unit 2110
may be installed at the timing control unit 230, or structured
in a way of stand alone.

[0063] The analog conversion unit 2120 receives a duty
signal Dout from the square wave output unit 2110, and
analog-converts the duty signal to thereby output a control
voltage VIN to the gray scale voltage generation unit 220.
That is, the analog conversion unit 2120 has a function of a
digital-analog converter that receives a predetermined duty
of square wave, and converts it into an analog typed control
voltage.

[0064] FIG. 4 specifically illustrates the square wave
output unit shown in FIG. 3. As shown in FIG. 4, the square
wave output unit 2110 includes a pixel data conversion unit
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111, an addition unit 112, a one-line addition unit 113, a
division unit 114, a counting unit 115, and a duty signal
generation unit 116. The square wave output unit 2110 to
outputs a predetermined duty signal Dout depending upon
the average value of the gray scale data input from the
outside for an hour of 1H.

[0065] The square wave output unit 2110 may be installed
at the timing control unit 230 outputting a load signal
LOAD, an adding signal ADDING, a line adding signal
LINE ADDING, a division signal DIV, and a counting signal
COUNTING, or structured in a way of stand alone.

[0066] For convenience in explanation, it is assumed that
6 bits data of ‘000000’ are input related to the respective R
and B pixel gray scale data, and 6 bits data of ‘111111 are
input related to the G pixel gray scale data.

[0067] The pixel data conversion unit 111 receives first
pixel gray scale data of R, G and B from the outside, and
assigns a predetermined weight to the G pixel gray scale data
based on the load signal LOAD from the timing control unit
230. The pixel data conversion unit 111 copies the G pixel
gray scale data for the R and B pixel gray scale data to
thereby output second pixel gray scale data of R', G' and B’
to the addition unit 112. The second pixel gray scale data of
R', G' and B' output to the addition unit 112 are 6 bits of
‘111111° at the same level as the G pixel gray scale data.

[0068] The addition unit 112 receives the second pixel
gray scale data, and makes addition of the respective pixel
gray scale data based on the adding signal ADDING. The
addition unit 112 outputs the sum of gray scale data SUM to
the 1 line addition unit 113. At this time, the sum of gray
scale data is ‘10111101.°

[0069] The 1 line addition unit 113 makes addition with
respect to the sum of gray scale data SUM for one gate line
based on the line adding signal LINE ADDING, and outputs
the sum of gray scale data TSUM to the division unit 114.
In case one gate line is applied to an XGA-leveled resolution
of 1024 RGB pixels, the sum of gray scale data TSUM is 18
bits of ‘101111010000000000.

[0070] The division unit 114 divides the sum of gray scale
data TSUM by 3’ based on the division signal DIV, and
extracts 6 bits of MSB from the divided gray scale data to
output them to the counting unit 115. The gray scale data
divided by ‘3’ are “1111110000000000,” and the extracted 6
bits of MSB are ‘111111.’

[0071] The counting unit 115 is formed with a duty
resister, and a down counter. The counting unit 115 feeds a
predetermined counting number to the duty signal genera-
tion unit 116 based on the 6 bits of MSB. Specifically, the
duty resister receives the 6 bits of MSB from the division
unit 114 upon receipt of the load signal LOAD, and stores
them. The down counter sequentially down-counts the 6 bits
of MSB by one bit on the basis of the counting signal
COUNTING, and feeds the down counting number to the
duty signal generation unit 116.

[0072] The duty signal generation unit 116 receives the
down counting number, and outputs a duty signal Dout to the
analog conversion unit 120. In case the white data are input
over 1H, a 100% duty signal Dout is output. In case the
middle gray scale data are input over 1H, a 50% duty signal
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Dout is output. By contrast, when the black data are input
over 1H, a 0% duty signal Dout is output.

[0073] Alternatively, the weight assignment by way of the
pixel data conversion unit 111 may be made with respect to
the R or G pixel data, or omitted.

[0074] FIG. 5 specifically illustrates the analog conver-
sion unit shown in FIG. 3.

[0075] As shown in FIGS. 3 and 5, a control voltage VIN
is output upon receipt of a duty signal Dout output from the
square wave output unit 2110 via a first resistor R11 con-
nected to a base terminal of a first transistor Q11.

[0076] For instance, when the duty signal Dout is in the
low level, the first transistor Q11 turns off so that voltage is
charged into a capacitor C1. At this time, the charge voltage
is AVDD(R,3/(R;,+R3134R ).

[0077] Meanwhile, when the duty signal Dout output from
the square wave output unit 2110 is in the high level, the first
transistor Q11 turns on so that the voltage charged into the
capacitor C1 is discharged. The control voltage VIN being
the output voltage is determined by the time constant of the
resistor R15 and the capacitor C1. That is, the control
voltage VIN is in proportion to the duty of the duty signal
Dout and the number of pulses thereof.

[0078] FIG. 6 illustrates the simulation results of the
respective duty ratios as a function of the period of time
related to the analog conversion unit shown in FIG. 15. The
component values of the analog conversion unit 2120 are
established such that R11=200, R12=10, R13=10, R14=
10, R15=200, and C1=0.1 uF. In case AVDD=9V, the duty
signal Dout is varied from an initial duty ratio of 0% (that
is, the black gray scale) to 10%, 30%, 50%, 70%, and 90%.
Under these conditions, the simulation results are obtained
by way of PSPICE.

[0079] As shown in FIG. 6, the output of the control
voltage VIN turns out to be in the voltage level proportional
to the duty after one frame time period of 16.6 ms. Of
course, the time period may be changed through controlling
the time constant of R15 and C1 shown in FIG. 5.

[0080] The simulation results may be summarized as like
in FIG. 7.

[0081] As shown in FIG. 7, the duty signal Dout is
linearly proportional to the control voltage VIN. That is, the
duty signal Dout has a function of a D/A converter where the
average gray scale data for a display screen are converted
into analog voltages.

[0082] FIG. 8 is a circuit diagram specifically illustrating
the gray scale voltage generation unit shown in FIG. 3
where plural numbers of gray scale voltages are generated
through dividing the liquid crystal application voltage
AVDD into resistance rows.

[0083] As shown in FIG. 8, the gray scale voltage gen-
eration unit 220 includes a first voltage source 2210, a
second voltage source 2220, a first amplification unit 2230,
a second amplification unit 2240, a positive gray scale
voltage generation unit 2250, and a negative gray scale
voltage generation unit 2260.

[0084] The first voltage source 2210 feeds a first voltage
AVDD to the first amplification unit 2230, the second
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amplification unit 2240, and the positive gray scale voltage
generation unit 2250. At this time, the first voltage AVDD
being the input voltage for the LCD module is established to
be 9V.

[0085] The second voltage source 2220 feeds a second
voltage VIN to the first amplification unit 2230. At this time,
the second voltage VIN being the control voltage is based on
analog voltage of 0-3V.

[0086] The first amplification unit 2230 amplifies the
second voltage VIN based on the first voltage AVDD to feed
a first forcing voltage 2231 to the negative gray scale voltage
generation unit 2260. Specifically, the first amplification unit
2230 positively amplifies the control voltage output from the
screen brightness determination unit 210 to be VIN-(1+Rp/
R,). At this time, the ratio of R;/R, is established to be ‘2’
so that the control voltage of 3V is amplified to be maxi-
mally 9V.

[0087] The second amplification unit 2240 amplifies the
reference center voltage REF-CENTER on the basis of the
first voltage AVDD to thereby feed a second forcing voltage
2241 to the positive gray scale voltage generation unit 2250.
At this time, the output second forcing voltage 2241 is
(1+Rp/Ro) REF-CENTER=(1+R5/R).) AVDD/2.

[0088] The positive gray scale voltage generation unit
2250 includes a row of resistors R21, R22, R23 and R25, and
resistors R26 and R27 connected to the resistor row in
parallel, and a first row of diodes D11 and D12. The positive
gray scale voltage generation unit 2250 outputs rigid posi-
tive gray scale voltages Vipr, and Vyges and plural num-
bers of variable positive gray scale voltages V gppro, Vepps
and Vg, to the data driver 240 of the LCD module 200 on
the basis of the first voltage AVDD and the second forcing
voltage 2241. Furthermore, the positive gray scale voltage
generation unit 2250 outputs the reference center voltage
REF-CENTER to the second amplification unit 2240 and the
negative gray scale voltage generation unit 2260. A liquid
crystal threshold voltage is generated due to the amount of
voltage drop of the first row of diodes D11 and D12.

[0089] The negative gray scale voltage generation unit
2260 includes a second row of diodes D21 and D22, a row
of resistors R31 to R35 linearly connected to the second
diode row D21 and D22, and resistors R36 and R37 con-
nected to the second diode row D21 and D22 in parallel. The
negative gray scale voltage generation unit 2260 outputs
rigid negative gray scale voltages Vippe and Vyppio and
plural numbers of variable negative gray scale voltages
VRrerss Vrers 40d Vigpe to the data driver unit 240 of the
LCD module on the basis of the reference center voltage
REF-CENTER and the first forcing voltage 2231. A liquid
crystal threshold voltage is generated due to the amount of
voltage drop of the second diode row D21 and D22.

[0090] In the normally white mode L.CD, the Vggp, and
the Vierio become to be a full black voltage, and the Vs
and the Vigpe to be a full white gray scale voltage.

[0091] As described above, two rigid positive gray scale
voltages and two rigid negative gray scale voltages are
output, and three variable positive gray scale voltages and
three variable negative gray scale voltages are output. Alter-
natively, it is possible that plural numbers of resistor rows
may be further provided between the resistor rows output-
ting the variable positive gray scale voltages or the variable
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negative gray scale voltages to thereby output additional
gray scale voltages. For example, in case the region between
Vier, a0d the Vipp,.; is divided by 16, 64 gray scale
expressions may be totally made.

[0092] As shown in FIG. 9, the gamma curve at the
positive gray scale voltages Vppp, 10 Vipps and the negative
gray scale voltages Vigpg 10 Vygrio 1S shifted depending
upon the potentiality of the input control voltage VIN.

[0093] FIG. 9 illustrates the simulation results by way of
PSPICE when the input voltage to the gray scale voltage
generation unit shown in FIG. 8 is varied from 0V to 3V.

[0094] Assume that VIN=1.5V, and y=2.2. As shown in
FIGS. 8 and 9, in case VIN>1.5, the gamma voltage is
shifted into a white voltage so that y<2.2. In case VIN<L1.5,
the gamma voltage is shifted into a black voltage so that
v>2.2.

[0095] Consequently, the gamma curve shown in FIG. 9 is
resulted depending upon the level of the control voltage
VIN.

[0096] FIG. 10 illustrates the brightness level as a func-
tion of gray scale data. Variation in the inclination degree of
the gamma curve is not serious close to the low gray scale
data or the high gray scale data, but becomes to be serious
close to the middle gray scale data.

[0097] That is, various gamma voltages may be generated
with respect to the same gray scale data while being deter-
mined by the relevant screen state. Therefore, the gamma
curve can be automatically controlled depending upon the
respective screen states without any loss in the gray scale
data.

[0098] As described above, the gamma curve of the TFT
LCD can be automatically controlled depending upon the
screen brightness degree. Assume that the gamma curve is
established to be y=2.2. When the screen is biased toward a
white level, the relevant gamma becomes to be y>2.2. When
the screen is biased toward a black level, the relevant gamma
becomes to be y<2.2.

[0099] In this way, a display device bearing an optimal
contrast may be made while eliminating the need of manual
controlling by the user case by case. Furthermore, any loss
in the gray scale data is no longer generated due to the
gamma curve control.

[0100] The gray scale data input from the outside are
checked, and the inclination degree of the gamma curve is
automatically controlled based on the checked gray scale
data.

[0101] Alternatively, it is possible that the control data are
input from the outside to control the gamma curve, and the
inclination degree of the gamma curve is automatically
controlled based on the input control data.

[0102] FIG. 11 illustrates a liquid crystal display accord-
ing to a second preferred embodiment of the present inven-
tion where an analog interface technique is used.

[0103] As shown in FIG. 11, the liquid crystal display
includes a picture signal source 100, and an LCD module
200. The liquid crystal gamma curve is controlled on the
basis of the control voltage depending upon the gamma
curve control data.
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[0104] The picture signal source 100 is provided with a
D/A converter 110. Predetermined control data are input into
the converter 110 to control the gamma curve, and the
converter 110 converts the input control data into analog
typed gamma control voltages to output them to the LCD
module 200. For instance, when it is intended to select an
eight-stepped gamma curve, 3 bits of gray scale data
(G[0:2]) are converted into a predetermined voltage level via
the D/A converter 110.

[0105] The LCD module 200 is provided with a gray scale
voltage generation unit shown in FIG. 8. The LCD module
200 changes the liquid crystal control voltage being the gray
scale voltage in direct proportion to or in inverse proportion
to the gamma control voltage. The gray scale voltage

generation unit may bear a circuit structure shown in FIG.
8.

[0106] As described above, in relation to the LCD using
the analog interface technique, even if the user directly
inputs the control data for controlling the gamma curve, the
gamma curve can be controlled to have a predetermined
gamma constant without any loss in the gray scale data.

[0107] FIG. 12 illustrates a liquid crystal display accord-
ing to a third preferred embodiment of the present invention
where a digital interface technique is used.

[0108] As shown in FIG. 12, the liquid crystal display
includes a picture signal source 100, and an LCD module
200. The liquid crystal gamma curve is controlled in the
LCD module based on the gamma curve control data.

[0109] The picture signal source 100 transmits N bits of
gamma curve control data G[0:N-1 ] to the LCD module
200. The transmission of the gamma curve control data may
be made through TTL signals, or in a way of LVDS or
TDMS.

[0110] The LCD module 200 includes a D/A converter
270, and a gray scale voltage generation unit 220. The
converter 270 analog-converts N bits of gamma curve
control data to generate a gamma control voltage, and the
gray scale voltage generation unit 220 changes the liquid
crystal control voltage on the basis of the gamma control
voltage. In case the control voltage VIN is established to be
0-3V, the gray scale voltage generation unit 220 may make
use of a circuit structure shown in FIG. 8.

[0111] The N bits of gamma curve control data may be
changed into a predetermined voltage in various ways of
D/A conversion.

[0112] FIG. 13 illustrates an operational structure of the
liquid crystal display shown in FIG. 12.

[0113] As shown in FIG. 13, when the gray scale data
input from the picture signal source 100 are 3 bits, they are
decoded into 8 gray scale data by way of a 3-8 decoder 240.
The analog switching unit 250 selects any one of the first to
eighth rigid voltages V1 to V8 input from the outside on the
basis of the decoded 8 gray scale data, and outputs it to the
gray scale voltage generation unit 220 as the control voltage
VIN.

[0114] As described above, in the LCD using the digital
interface technique, even if the user directly inputs the
control data for controlling the gamma curve, the gamma
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curve can be controlled to have a predetermined gamma
constant without any loss in the gray scale data.

[0115] Furthermore, even if the user does not directly
input the control data for controlling the gamma curve, the
brightness level of the picture gray scale data is automati-
cally sensed, and the duty signal depending upon the sensed
brightness level is input into the 3-8 decoder 240 shown in
FIG. 13. Then, any one of the first to eighth rigid voltages
V1 to V8 input from the outside is selected, and output to the
gray scale voltage generation unit 220 as the control voltage
VIN.

[0116] As described above, the gamma curve is automati-
cally controlled using a predetermined gamma constant
while being adapted to the gray scale data input from the
outside. In this way, the resulting liquid crystal display can
bear a high contrast display screen without any loss in the
gray scale data.

[0117] Furthermore, the inventive liquid crystal display
may bear a semi-automatic gamma curve controlling func-
tion where the automatic function and the manual function
are made together.

[0118] While the present invention has been described in
detail with reference to the preferred embodiments, those
skilled in the art will appreciate that various modifications
and substitutions can be made thereto without departing
from the spirit and scope of the present invention as set forth
in the appended claims.

What is claimed is:

1. A liquid crystal display receiving RGB gray scale
signals from the outside and displaying picture images on
the basis of the received RGB gray scale signals, the liquid
crystal display comprising:

a liquid crystal display module being adapted to the RGB
gray scale signals to control a gamma curve, and
outputting one or more variable gray scale voltages on
the basis of the controlled gamma curve.

2. The liquid crystal display of claim 1 wherein the liquid

crystal display module comprises:

a D/A converter for converting digital type RGB gray
scale data from the picture signal source into analog
type gray scale signals; and

a gray scale voltage generation unit for transforming the
analog type gray scale signals into a gamma curve with
a predetermined gamma constant, and outputting one or
more variable gray scale voltages on the basis of the
gamma curve.
3. The liquid crystal display of claim 1 wherein the liquid
crystal display module comprises:

a gray scale voltage generation unit for transforming
analog type gray scale signals from the picture signal
source into a gamma curve with a predetermined
gamma constant, and outputting one or more variable
gray scale voltages on the basis of the gamma curve.

4. The liquid crystal display of claim 1 wherein the liquid

crystal display module comprises:

a screen brightness determination unit for checking the
RGB gray scale data from the picture signal source to
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sense the level of the screen brightness, and outputting
a control voltage depending upon the sensed brightness
level; and

a gray scale voltage generation unit for transforming the
control voltage into a gamma curve with a predeter-
mined gamma constant, and outputting one or more
variable gray scale voltages on the basis of the gamma
curve.

5. The liquid crystal display of claim 4 wherein the
transformation of the control voltage into the gamma curve
is linearly or non-linearly made depending upon the prede-
termined gamma constant.

6. The liquid crystal display of claim 5 wherein the
transformed gamma curve is placed at a high, middle and
low levels, and the inter-level distance at the central area of
the gamma curve is larger than, or the same as the inter-level
distance at the side area thereof.

7. The liquid crystal display of claim 6 wherein the
gamma constant is greater than the gamma constant related
to the middle gray scale level when the brightness level of
the display screen is higher than the brightness level of the
middle gray scale level, and smaller than the gamma con-
stant related to the middle gray scale level when the bright-
ness level of the display screen is lower than the brightness
level of the middle gray scale level.

8. The liquid crystal display of claim 4 wherein the screen
brightness determination unit comprises:

a square wave output unit for computing the average
value of the gray scale data input from the outside for
1H, and outputting a predetermined duty signal based
on the average value of the gray scale data; and

an analog conversion unit for analog-converting the duty
signal from the square wave output unit into a control
voltage, and outputting the control voltage to the gray
scale voltage generation unit.
9. The liquid crystal display of claim 8 wherein the analog
conversion unit comprises:

a transistor being switched on the basis of the duty signal;
and

a charge/discharge unit for charging or discharging a
liquid crystal application voltage depending upon the
switching operation of the transistor, and outputting the
analog-converted control voltage.

10. The liquid crystal display of claim 9 wherein the
control voltage is determined by an RC time constant of the
charge/discharge unit while being in proportion to the duty
and pulse number of the duty signal.

11. The liquid crystal display of claim 8 wherein the
square wave output unit comprises:

an addition unit for adding up the respective RGB gray
scale data, and outputting the sum of gray scale data;

a 1 line addition unit adding up the sum of gray scale data
for 1H, and output the sum of gray scale data for 1H;

a division unit for dividing the sum of gray scale data for
1H by 3, and outputting the data portion among the
divided gray scale data corresponding to a predeter-
mined MSB;

a counting unit for sequentially down-counting the MSB
data, and outputting the down-counted number; and
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a duty signal generation unit for outputting a square wave
bearing a predetermined duty based on the down-
counted number.

12. The liquid crystal display of claim 8 wherein the
square wave output unit further comprises a pixel data
conversion unit for assigning a weight to any one of the
RGB gray scale data.

13. The liquid crystal display of claim 2 wherein the gray
scale voltage generation unit comprises:

a first amplification unit for amplifying the control voltage
based on a liquid crystal application voltage to output
the amplified voltage as a first forcing voltage;

a second amplification unit for amplifying a reference
center voltage based on the liquid crystal application
voltage to output the amplified voltage as a second
forcing voltage;

a positive gray scale voltage generation unit having a row
of resistors and one or more resistors connected to the
resistor row in parallel, the positive gray scale voltage
generation unit outputting one or more variable positive
gray scale voltages based on the liquid crystal appli-
cation voltage and the second forcing voltage; and

a negative gray scale voltage generation unit having a row
of resistors and one or more resistors connected to the
resistor row in parallel, the negative gray scale voltage
generation unit outputting one or more variable nega-
tive gray scale voltages based on the reference center
voltage and the first forcing voltage.

14. The liquid crystal display of claim 13 wherein the
positive gray scale voltage generation unit further comprises
a row of diodes clamping the reference center voltage.

15. The liquid crystal display of claim 13 wherein the
negative gray scale voltage generation unit further com-
prises a row of diodes clamping the reference center voltage.

16. The liquid crystal display of claim 1 wherein the liquid
crystal display module is adapted to the gray scale signals to
control the gamma curve, and outputs one or more rigid gray
scale voltages based on the controlled gamma curve.

17. A method of driving a liquid crystal display, the liquid
crystal display comprising a plurality of gate lines, a plu-
rality of data lines crossing over the gate lines while being
insulated from the gate lines, and pixels formed in a matrix
shape at the area surrounded by the gate and data lines each
with a switching circuit connected to the gate and the data
lines, the method comprising the steps of:

(a) sequentially transmitting scanning signals to the gate
lines;

(b) receiving RGB gray scale signals from an external
picture signal source to control a gamma curve while
being adapted to the gray scale signals, and outputting
one or more variable gray scale voltages based on the
controlled gamma curve; and

(¢) transmitting data voltages to the data lines based on the
variable gray scale voltages.
18. The method of claim 17 wherein one or more rigid
gray scale voltages based on the controlled gamma curve are
output at the (b) step.
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19. The method of claim 17 wherein the (b) step com-
prises the sub-steps of:

(b-1) computing the average value of gray scale data input
from the picture signal source for 1H, and outputting a
predetermined duty signal based on the computed aver-
age value;

(b-2) analog-converting the duty signal into a control
voltage, and outputting the control voltage; and

(b-3) transforming the control voltage into a gamma curve
with a predetermined gamma constant, and outputting
one or more variable gray scale voltages based on the
transformed gamma curve.

20. The method of claim 19 wherein the (b-1) step

comprises the sub-steps of:

(b-11) adding up the RGB gray scale data to output the
sum of gray scale data;
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(b-12) adding up the sum of gray scale data for 1H;
(b-13) dividing the sum of gray scale data for 1H by 3;

(b-14) extracting the data portion from the divided gray
scale data corresponding to a predetermined MSB, and
outputting the extracted MSB gray scale data;

(b-15) sequentially down-counting the MSB data, and
outputting the down-counted number; and

(b-16) outputting a square wave bearing a predetermined
duty based on the down-counted number.
21. The method of claim 19 wherein the (b-3) step
comprises the sub-step of:

outputting one or more rigid gray scale voltages based on
the controlled gamma curve.

* * * * #*



patsnap

TRBR(F) EEME ML AT IENRRE R
[ (RE)S US20020180680A1 K (aH)A 2002-12-05
HES US10/154919 FiEH 2002-05-28
FRBREEFAR)AGRE) =EHmFHA44
B (Z AIAR) A (IF) SAMSUNG ELECTRONICS CO. , LTD.
LR BFHEFAN)AGR) =EDISPLAY CO., LTD.
#RIZBEA MOON SEUNG HWAN
KA MOON, SEUNG-HWAN
IPCH %5 G09G3/20 G09G3/36
CPCH %5 G09G3/20 G09G3/3648 G09G2320/0673 G09G2320/066 GO9G3/3696
1k AR 60/295022 2001-06-04 US
1020010030945 2001-06-02 KR
H A0 FF SRR US7403181
SNEBEEHE Espacenet  USPTO
HE(®) o el g S

RELRRRBEBRBER, HBEGESFEAELATEREKHRGBX

230

”| screen brightness | VIN
detemination unit mw
i

EES, RBETEREATROBREESUEHND ML, RE82R 1 [

HCLK

Groy scole voltage generation unit

STH

G

EHRETSRMNDBEHE - RS R EARESEN—A RS/ .
AT ERARESE , NS RAER G, s
sorol [ L SR
€ unit
MCLK

data driver unit -4

B

M- [

Gale clack

STV

250+

=

Gote
driver LCD panel L

unit



https://share-analytics.zhihuiya.com/view/cdc8d0d5-1573-40cc-ab1f-207d7e737506
https://worldwide.espacenet.com/patent/search/family/027350472/publication/US2002180680A1?q=US2002180680A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220020180680%22.PGNR.&OS=DN/20020180680&RS=DN/20020180680

