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Description

BACKGROUND OF THE INVENTION

(a) Field of the Invention

[0001] The present invention relates to a liquid crystal display, and in particular, to a gamma voltage generator of a
liquid crystal display (LCD) that is capable of removing a residual image by compensating a gamma voltage.

(b) Description of the Related Art

[0002] Typically, a liquid crystal display uses a thin film transistor as a switching element for applying an analog gray
voltage to a pixel so as to display an image. The number of the gray voltages is limited to 64 or 256 according to the
types of digital analog converter (DAC) provided in a source driver. The DAC produces 64 or 256 gray voltages by
selectively switching 6-bit or 8-bit red (R), green (G), and blue (B) digital data from an external source, and supplies the
gray voltages to the pixels via data lines in an LCD panel assembly.

[0003] FIG. 1 is an equivalent circuit diagram of a typical pixel; and FIG. 2 is a graph showing typical waveforms of a
gate voltage, a data voltage, and a pixel voltage.

[0004] A gray voltage generated by a DAC for supply to a data line is expressed as a data voltage Vdata in FIG. 1
and FIG. 2. The data voltage Vdata becomes a pixel voltage Vp after passing through a TFT which is turned on by a
high state VgH of a gate voltage Vg. The voltage difference between the pixel voltage Vp and a common voltage Vcom
applied to a liquid crystal capacitor Clc determines the transmittance of light. Since the common voltage Vcom has a
fixed value or swings between two fixed values, the pixel voltage Vp substantially determines the light transmittance.
[0005] Under the high value VgH of the gate voltage Vg of the TFT, the pixel voltage Vp reaches the data voltage
Vdata. The pixel voltage Vp drops by as much as a kickback voltage Vk due to parasitic capacitors (Cg, Cgd) after the
gate voltage Vg becomes low VgL.

[0006] The kickback voltage Vk is determined by the following equation:

Vi = (Vecom — Vp)(Clcon - Clcoff ) + AVgCgd + (I}gH -Vp)Cg/2
Cgd + Cleoff + Cst ’

where Clcon is the capacitance of a charged liquid crystal capacitor when the pixel is charged, Clcoff is the capacitance
of a completely discharged liquid crystal capacitor, Cg is a parasitic capacitance between a channel and a gate of the
TFT, and Cgd is a parasitic capacitance between the gate and a drain of the TFT.

[0007] As shown by the equation, the kickback voltage Vk varies significantly depending on the voltage difference
between the pixel voltage Vp and the common voltage Vcom, as shown in Fig. 4, as well as depending on the pixel
voltage Vp itself. Itis because the capacitance of the liquid crystal capacitor Clc depends on the voltage across the liquid
crystal capacitor Clc due to the dielectric anisotropy of liquid crystal. FIG. 3 shows the dielectric constant which increase
as the magnitude of the bias voltage across the liquid crystal capacitor Clc. Therefore, it is hard to compensate the
kickback voltage Vk using the gray voltages.

[0008] US-A-5754150 discloses a liquid crystal display for displaying images having a variable gamma correction unit
for synchronously changing an inflection point of a gamma correction curve and a common voltage generated by a
common voltage control unit in order to perform a luminance adjustment.

[0009] To prevent the typical distortion of the pixel voltage Vp due to the kickback voltage VK, it is suggested that the
intermediate grays where the pixel voltages Vp are about 1.8V are compensated by adjusting the common voltage Vcom,
although the white and the black grays are not completely compensated. However, when an image including black and
white grays is displayed for a long time, and thus a DC bias voltage having a value as much as the difference between
the kickback voltage Vk and the intermediate gray voltage is applied for a long time, this causes a defect in the LCD
panel assembly referred to as image sticking.

SUMMARY OF THE INVENTION

[0010] The present invention has been made in an effort to solve the above problems of the prior art.

[0011] It is an object of the present invention to provide an LCD capable of minimizing residual images by removing
aresidual DC bias caused by a kickback voltage.

[0012] To achieve the above object, the present invention provides a liquid crystal display (LCD) for displaying images
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with a gray voltage generated by a source driver using a gamma voltage supplied from a printed circuit board. The LCD
comprises gamma voltage generation unit generating a common voltage control signal for adjusting a common voltage
by as much as a kickback voltage at an intermediate gray level when a predetermined kickback voltage associated with
a presently displayed image is inputted by a user utilizing a predetermined process, randomly selecting a gamma voltage
at a gray level other than the intermediate gray level, and adjusting the selected gamma voltage; and a common voltage
generator for adjusting the common voltage by as much as the kickback voltage at the intermediate gray level on the
basis of the common voltage control signal, and outputting the adjusted common voltage to an LCD panel. The gamma
voltage generation unit satisfies the following equation:

Vke - Vit| =
(VGMAUP(C) + VGMADN (C)) 2 - (VGMAUP(t) + VGMADN (t)) /2]

where Vck is a kickback voltage at the intermediate gray level, Vkt is the kickback voltage at the selected gray level,
VGMAUP(C) and VGMADN(C) are gamma voltages inverted at the intermediate gray level, and VGMAUP(t) and VG-
MADN(t) are the gamma voltages inverted at the selected gray level.

[0013] Accordingly, if a predetermined kickback voltage associated with a presently displayed image is inputted by
the user, the gamma voltage generation apparatus adjusts the common voltage by as much as the kickback voltage at
the intermediate gray level and tunes the gamma voltages other than the gamma voltage at the intermediate gray level
to tune the distorted pixel voltage at the gray levels other than the intermediate gray level. Here, the adjustment of the
gamma voltages other than the intermediate gray level gamma voltage is achieved in such a manner that the difference
between the intermediate gray level kickback voltage and the kickback voltage at one of the gray levels other than the
intermediate gray levelis equal to half of the difference between the sum of the two inverted gamma voltages representing
the intermediate gray level gamma voltages and the sum of the two inverted gamma voltages corresponding .to the
selected gray level. Therefore, the generation of residual images is minimized in the displayed image.

[0014] To achieve the above object, a method for driving a liquid crystal display (LCD) which displays images with a
gray voltage generated by a source driver using a gamma voltage supplied from a gamma voltage generator comprises
the steps of: (a) generating a common voltage control signal for adjusting a common voltage by as much as a kickback
voltage at an intermediate gray level when a predetermined kickback voltage associated with a presently displayed
image is inputted by a user utilizing a predetermined process; and (b) randomly selecting a gamma voltage at a gray
levels other than the intermediate gray level, and adjusting the selected gamma voltage. The gamma voltage adjustment
in step (b) satisfies the following equation:

Vke - Vit| =
|VGMAUP(C) + VGMADN (C)) 2 - (VGMAUP(t) + VGMADN(£))/ 2| <
where Vck is a kickback voltage at the intermediate gray level, Vkt is the kickback voltage at the selected gray level,

VGMAUP(C) and VGMADN(C) are gamma voltages inverted at the intermediate gray level, and VGMAUP(t) and VG-
MADN(t) are the gamma voltages inverted at the selected gray level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above and other objects and advantages of the present invention will become more apparent by describing
preferred embodiments thereof in detail with reference to the accompanying drawings in which:

FIG. 1 is an equivalent circuit diagram of a typical pixel;

FIG. 2 is a graph illustrating typical waveforms of a gate voltage, a data voltage, and a pixel voltage;

FIG. 3 is a graph for illustrating a dielectric constant of a typical liquid crystal as function of bias voltage;

FIG. 4 is a graph illustrating a typical kickback voltage as function of the pixel voltage;

FIG. 5is a block diagram illustrating a gamma voltage compensation apparatus according to a preferred embodiment
of the present invention;

FIG. 6 is drawing for illustrating a gamma voltage outputted from a gamma voltage output part of the gamma voltage
compensation apparatus of FIG. 5; and

FIG. 7 is a graph for illustrating gamma voltages before and after gamma voltage compensation, in which the gamma
voltages are shown relative to a gray voltage.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016] The presentinvention now will be described more fully hereinafter with reference to the accompanying drawings,
in which preferred embodiments of the invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein. Like numerals refer to like elements
throughout. Then, liquid crystal displays according to embodiments of the present invention will be described with
reference to the drawings.

[0017] FIG. 5 is a block diagram illustrating a gamma voltage compensation apparatus according to an embodiment
of the present invention.

[0018] As shownin FIG. 5, a gamma voltage compensation apparatus for an LCD according to the preferred embod-
iment of the present invention includes a kickback voltage input unit 100, a gamma voltage generation unit 200, and a
common voltage generator 300.

[0019] The kickback voltage input unit 100 is a button mounted on a PCB module or a LCD case that triggers the
supply of an input kickback voltage Vk generated depending on an LCD panel assembly. Alternatively, the kickback
voltage Vk can be recognized by a controller, which will be described below, using an application program. The kickback
voltage Vk from the kickback voltage input unit 100 is represented by VkO, Vk1, Vk2, ..., Vkm for the respective gray
levels of 0,1,2, ..., and a maximum gray level.

[0020] The gamma voltage generation unit 200 includes a controller 210 and a gamma voltage generator 220.
[0021] The controller 210 generates a common voltage control signal for adjusting the value of a common voltage by
as much as the kickback voltage Vk in intermediate grays, and generates a gamma voltage control signal for adjusting
gamma voltages. By randomly selecting gamma voltages at all gray levels except the intermediate gray level for tuning
a distorted pixel voltage in all gray levels except the intermediate gray level so as to satisfy the following equation.

Ve - Vi -

|(VGMAUP(C) + VGMADN (C)) 2 — (VGMAUP(f) + VGMADN ())/ 2

where Vkc is a kickback voltage in an intermediate gray level, Vkt is a selected kickback voltage in a selected gray level,
VGMAUP(C) and VGMADN(C) are gamma voltages inverted in the intermediate gray level, and VGMAUP(t) and VG-
MADN(t) are gamma voltage in a selected gray level.

[0022] The gamma voltage generator 220 generate gamma voltages on the basis of the gamma voltage control signal
from the controller 210. The gamma voltages are generated by driving a voltage using a series of resistors as shown in
FIG. 6. The gamma voltages generated by the gamma voltage generator 220 include two groups of gamma voltages
having the same number of gamma voltages, i.e., a high group of gamma voltages including VGMAUP(1), VGMAUP(2),
VGMAUP(3),..., and VGMAUP(n) that are grater than the common voltage Vcom, and a low group of gamma voltages
including VGMADN(1), VGMADN(2), VGMADN(3), ..., VGAMDN(n) lower than the common voltage Vcom.

[0023] A number (n) of the gamma voltages may vary depending on the bit number of digital input from the DAC in
the source driver and depending on the specifications used by the manufacturer. In the case where the digital input is
6 bits, each of the high and low groups requires 5 gamma voltages.

[0024] The common voltage generator 300 generates the common voltage Vcom modified by as much as the kickback
voltage Vk of the intermediate grays based on the common voltage control signal, and provides the common voltage
for the LCD panel assembly.

[0025] An operation of the gamma voltage compensation apparatus for the LCD according to the preferred embodiment
of the present invention will be described in more detail hereinafter.

[0026] Asshownin FIG. 6, a typical gamma voltage generator 220 includes a plurality of a series of resistors between
a power source (AVDD) and a ground. The gamma voltages VGMA1 ~ VGMA10 are supplied to the source driver
connected to data lines of the LCD panel assembly. An example in which each the high and low groups has five gamma
voltages for supply to a 6-bit DAC will be explained. The gamma voltages, VGMA1 ~ VGMA10, are generally set to be
supplied at uniform levels so as to fit the specifications of the source driver. In the present invention, the gamma voltages
are reset for removing the residual images caused by a residual DC resulting from pixel voltage distortion.

[0027] Among the distributed gamma voltages, the five gamma voltages VGMA1 ~ VGMAS5 belonging to the high
group are of generating voltages higher than the common voltage Vcom and are respectively identical to the voltages
VGMAUP(5) ~VGMAUP(1), and the five gamma voltages VGMAG ~ VGMA10 belonging to the low group are of generating
voltages lower than the common voltage Vcom and are respectively identical with the voltages VGMAD(1) ~VGMAD(5),
as shown in table 1. That s, in the case where the displayed image is normally white, the gamma voltages VGMA3 and
VGAMG6 are maximum gray level (white) gamma voltages, the gamma voltages VGMA1 and VGMA10 are minimum
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gray level (black) gamma voltages, and the gamma voltages VGMA3 and VGMAS8 are intermediate gray level gamma
voltages.

[0028] FIG. 7 is a graph for illustrating gamma voltages before and after gamma voltage compensation, in which the
gamma voltages are shown relative to gray levels provided to a DAC processing 6 bits. The gray levels to 10 gamma
voltages are expressed when inversely operated in the preferred embodiment of the present invention. The solid line
shows the display characteristics of an LCD panel during operation, and the dotted line shows gamma characteristics
obtained by removing the residual DC using the common voltage (Vc) and the gamma voltage by compensating the
flicker, i.e., the pixel voltage distortion (kickback voltage).

[Table 1]
Gamma voltage before compensation | Gamma voltage after compensation
VGMA1(VGMAUPS5) 7.32V 7.43V
VGMA2(VGMAUP4) 6.38V 6.35V
VGMA3(VGMAUP3) 5.94V 5.94V
VGMA4(VGMAUP2) 5.62V 5.67V
VGMA5(VGMAUP1) 5.14V 5.28V
VGMAB(VGMADN1) 3.48V 3.64V
VGMAT7(VGMADN2) 2.86V 291V
VGMA8(VGMADN3) 2.44V 244V
VGMA9(VGMADN4) 1.88V 1.89V
VGMA10(VGMADNS5) 0.64V 0.75V

[0029] To remove the residual images caused by the residual DC, it is required to determine the kickback voltage Vk,
which varies according to the bias voltage across the LCD. The kickback voltage Vk can be determined through a SPICE
simulation or through measurements. However, the kickback voltage Vk is non-linear due to the characteristics of liquid
crystal, a dielectric of which varies according to the pixel voltage. Therefore, it is not preferred to compensate the kickback
voltage only using the common voltage Vcom because in the case of using only the common voltage, kickback voltage
compensation is achieved at only one side of the gray levels while the kickback voltage is deteriorated at the other side
of the gray levels, relative to the intermediate gray level. Accordingly, it is preferable to differently adjust the gamma
voltage according to the pixel voltage (gray level).

[0030] For example, when the gamma voltage provided to the LCD panel during operation is identical to the gamma
voltage before compensation in Table 1, the 10 inverted gamma voltages supplied to the source driver are expressed
by the solid lines in FIG. 7. At this time, the kickback voltage Vk determined as described above is 0.65V at the minimum
gray level VkO, 0.75V at the intermediate gray level Vkc, and 1.02 at the maximum gray level Vkm. As described above,
the kickback voltage Vk can be inputted by the operator using a tuner mounted on the PCB module, by an input key
provided on the case of the LCD, or the kickback voltage Vk may be automatically recognized by the controller 210 using
an application program.

[0031] First, at the intermediate gray levels (gray level =31) ante-compensation gamma voltages VGMA3 (VG-
MAUP(C)) and VGMA8 VGMADN(C) are 5.94V and 2.44V, respectively, and the kickback voltage (Vkc) is 0.75V such
that the controller 210 generates the common voltage control signal for adjusting the common voltage by as much as
the kickback voltage at the intermediate gray level, which can be expressed as the kickback voltage (0.75V) at the
intermediate gray level = the common voltage tuning amount (0.75V).

[0032] Inthis manner, the common voltage decreases by as much as 0.75V, the gamma voltage VGMA3(VGMAUP(C)
is maintained at 5.94V at the intermediate gray levels, and the gamma voltage VGMA8(VGMADN(C) is maintained at
2.44V at the intermediate gray levels.

[0033] Next, to tune the distorted pixel voltage at gray levels other than the intermediate gray levels, the controller
210 randomly selects a gamma voltage at these other gray levels so as to generate a gamma voltage control signal for
tuning the corresponding gamma voltage. That is, the difference between the kickback voltage (Vkc) at the intermediate
gray level and the kickback voltage (Vkt) selected among gray levels other than the intermediate gray levels becomes
identical to half of the difference between the sum of the two inverted gamma voltages (VGMAUP(C), VGMADN(C))
and the sum of two inverted gamma voltages (VGMAUP(t), VGMADN(t)) corresponding to the randomly selected gray
levels. This can be expressed as in the following equation.
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[Vike = Vit| =
|(VGMAUP(C) + VGMADN (C)) 2 - (VGMAUP(f) + VGMADN (£)) 2

where Vkc is the kickback voltage at the intermediate gray level, Vkt is the kickback voltage at the selected gray level,
VGMAUP(C) and VGMADN(C) are the gamma voltages inverted at the intermediate gray levels, and VGMAUP(t) and
VGMADN(t) are the gamma voltages inverted at the selected gray levels.

[0034] In the above example, to tune the gamma voltages VGMA5(VGMAUP(1)) and VGMAG6(VGMADN(1)) at the
maximum gray level, the controller 210 performs control such that the difference (0.27V) between the kick voltage
(Vkec=0.75) at the intermediate gray level and the kickback voltage (Vk=1.02) at the maximum gray level become equal
to half of the difference (0.54V) between the sum (8.38V) of the inverted gamma voltages (VGMA3=5.94 and
VGMAB8=2.44V) representing the two intermediate gray level gamma voltages and sum (8.92V) of the two inverted
gamma voltages (VGMA5=5.28V and VGMAG6=3.64V) representing the maximum gray level gamma voltages. Also, to
tune the distorted pixel voltage, the controller 210 generates the gamma voltage control signal for tuning the maximum
gray level gamma voltage by as much as 0.27V such that the gamma voltage generator 220 is set to output the tuned
voltage. In this case, since the distorted voltage at the maximum gray level is larger than that at the minimum gray level,
the gamma voltage is tuned so as to be high by as much as 0.27V as shown in FIG. 6 and FIG. 7. This can be expressed
as follows.

0.75V -1.02V| = |(5.94V +2.44V) /2~ (5.28V +3.64V)/ 2 = 0.27V

[0035] In this manner, the data voltage Vdata is compensated so as to be higher than the kickback voltage (1.02V) at
the maximum gray level by as much as 0.27V such that the pixel voltage distortion amount at the maximum gray level
becomes 0.75V, which is equal to the distortion amount at the intermediate gray level. Here, since the common voltage
Vcom is compensated so as to be low by as much as 0.75V, the distortion of the pixel voltage is removed.

[0036] Similarly, to tune the gamma voltages VGMA1(VGMAU(5)) and VGMA10(VGMADN(5)) at the minimum gray
level, the controller 210 performs controls such that the difference (0.1V) between the kickback voltage (Vkc=0.75) at
the intermediate gray level and the kickback voltage (Vk0=0.65) at the minimum gray level become equal to half of the
difference (0.2V) between the sum (8.38V) of the inverted gamma voltages (VGMA3=5.94 and VGMA8=2.44V) repre-
senting the two intermediate gray level gamma voltages and sum (8.18V) of the two inverted gamma voltages
(VGMA1=7.43V and VGMA10=0.75V) representing the minimum gray level, gamma voltages. Also, to tune the distorted
pixel voltage, the controller 210 generates the gamma voltage control signal for tuning the minimum gray level gamma
voltage by as much as 0.1V such that the gamma voltage generator 220 is set to output the tuned voltage. In this case,
since the distorted voltage at the minimum gray level is smaller than that at the maximum gray level, the gamma voltage
is tuned so as to be low by as much as 0.1V as shown in FIG. 6 and FIG.7. This can be expressed as follows.

|0.75V - 0.652V| = |(5.94V +2.44V)/2 - (7.43V +0.75V)/ 2| = 0.IV

[0037] In this manner, the data voltage Vdata is compensated so as to be lower than the kickback voltage (Vk0=0.65)
at the minimum gray level by as much as 0.1V such that the pixel voltage distortion amount at the minimum gray level
becomes 0.75V, which is equal to the distortion amount at the intermediate gray level. Here, since the common voltage
Vcom is compensated so as to be low by as much as 0.75V, the distortion of the pixel voltage is removed.

[0038] As a result, the pixel voltage distortion amount becomes even in the whole gray level range such that it is
possible to display images on the LCD panel without distortion over the whole grayscale range by tuning the common
voltage Vcom.

[0039] Inthe same manner, the gamma voltages at the gray levels other than the maximum and minimum gray levels
are randomly tuned such that all of the gamma voltages (VGMA1~VGMA10) can be tuned. Here, the gamma voltages
are randomly tuned, and all the gamma voltages (corresponding to the number of bits) are tuned. In the above example,
the gamma voltage values before and after gamma voltage compensation by the gamma voltage compensation apparatus
are shown in Table 1. Also, the gamma voltages before and after gamma voltage compensation by the gamma voltage
compensation apparatus are shown relative to the gray levels as a graph in FIG. 7.

[0040] Inthe above explanation, a compensation method is described in which the maximum gray level gamma voltage
is tuned to be increased and the minimum gray level gamma voltage is tuned to be decreased in the case of a normally
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white mode liquid crystal display and the case where the kickback voltage at the maximum gray level (white) is greater
than the kickback voltage at the minimum gray level (black). However, the level and direction of the kickback voltage
may differ according to the type of the liquid crystal. Accordingly, the adjustment of the gamma voltage refers to adjusting
the gamma voltage so as to be increased when the kickback voltage is high and decreased when the kickback voltage
is low, and this is performed when adjusting the gamma voltages at the parts where the gray level is greater than and
less than the intermediate gray level after tuning so that there is no pixel voltage distortion by tuning the common voltage
at the intermediate gray level.

[0041] As described above, in the preferred embodiment of the present invention, the gamma voltage generation
apparatus tunes the common voltage by as much as the kickback voltage at the intermediate gray level if a predetermined
kickback voltage to the present display status is inputted by the user in a predetermined manner. Also, to tune the
distorted pixel voltage at gray levels other than the intermediate gray level, the gamma voltages, other than the gamma
voltage at the intermediate gray level, are tuned. Here, the adjustment of the gamma voltages, other than the gamma
voltage at the intermediate gray level, is achieved in such a manner that the difference between the intermediate gray
level kickback voltage and the kickback voltage at one of the gray levels other than the intermediate gray level is equal
to half of the difference between the sum of the two inverted gamma voltages representing the intermediate gray level
gamma voltages and the sum of the two inverted gamma voltages corresponding to the selected gray level. As a result,
the generation of residual images in the displayed image is minimized.

[0042] As described above, in the LCD according to the preferred embodiment of the present invention, the residual
DC bias caused by the kickback voltage is removed such that the display of images in which residualimages are minimally
generated may be realized.

[0043] Although preferred embodiments of the present invention have been described in detail hereinabove, it should
be clearly understood that many variations and/ or modifications of the basic inventive concepts herein taught which
may appear to those skilled in the present art will still fall within the scope of the present invention, as defined in the
appended claims.

Claims

1. A liquid crystal display (LCD) apparatus for displaying images on an LCD panel having pixels using a thin film
transistor as a switching element, and with voltages corresponding to gray levels being generated by a source driver
using gamma voltages supplied from a printed circuit board (PCB) module, wherein a gamma voltage across a pixel
drops by as much as a kickback voltage (Vk) after a gate voltage becomes low, the LCD apparatus comprising:

a gamma voltage generation unit (200) for generating a common voltage control signal for adjusting a common
voltage and for selecting a gamma voltage at a gray level, the gamma voltage generation unit including:

a controller (210) adapted to generate

a common voltage control signal for adjusting a common voltage; and
a gamma voltage control signal for adjusting gamma voltages; and

a gamma voltage generator (220) adapted to generate said gamma voltages on the basis of said gamma
voltage control signal, said gamma voltages comprising a high group of gamma voltages (VGMAUP(1) ...
VGMAUP(n)) that are greater than the common voltage and a low group of gamma voltages (VGMADN(1) ...
VGMADN(n)) that are lower than the common voltage, the high group of gamma voltages including a high
intermediate gamma voltage (VGMAUP(C)) at an intermediate gray level and the low group of gamma
voltages including a low intermediate gamma voltage (VGMADDN(C) at said intermediate gray level, the
high and low intermediate gamma voltages being referred to as the inverted gamma voltages at the inter-
mediate level; and

a common voltage generator (300) for adjusting the common voltage on the basis of the common voltage
control signal, and outputting the adjusted voltage to the LCD panel;

the LCD apparatus characterized in that:

said gamma voltage generation unit (200), when a predetermined kickback voltage is inputted by an
operator using a tuner mounted on the PCB module or is automatically recognized by the controller

(210) using an application program, is adapted to:

i) generate a common voltage control signal for adjusting the common voltage by as much as a



10

15

20

25

30

35

40

45

55

EP 1 407 444 B1

kickback voltage at the intermediate gray level;
ii) randomly select gamma voltages at gray levels other than the intermediate gray level; and to
iii) adjust the randomly selected gamma voltage;

wherein

said common voltage generator (300) adjusts the common voltage by as much as the kickback voltage
at the intermediate gray level on the basis of the common voltage control signal, and wherein

the randomly selected gamma voltages output by the gamma voltage generation unit satisfy the following
equation:

#IVke — Vkt} = {(VGMAUP(C) + VGMADN(C))/2 — (VGMAUP(t) +
VGMADN(t))/2}

where Vkc is a kickback voltage at the intermediate gray level, Vkt is the kickback voltage at the
randomly selected gray level, VGMAUP(C) and VGMADN(C) are the inverted gamma voltages at the
intermediate gray level, and VGMAUP(t) and VGMADN(t) are the inverted gamma voltages at the
selected gray level.

A method for driving a liquid crystal display (LCD) apparatus which displays images on an LCD panel having pixels
using a thin film transistor as a switching element, and with voltages corresponding to gray levels being generated
by a source driver using a gamma voltage supplied from a PCB module including a gamma voltage generator (220),
wherein a gamma voltage across a pixel drops by as much as a kickback voltage (Vk) after a gate voltage becomes
low, the method being characterized in that it comprises the steps of:

(a) generating a common voltage control signal for adjusting a common voltage by as much as a kickback
voltage at an intermediate gray level when a predetermined kickback voltage is inputted by an operator using
a tuner mounted on the printed circuit board or is automatically recognized by a controller (210) using an
application program;

(b) generating a gamma voltage control signal for adjusting gamma voltages, said gamma voltages comprising
a high group of gamma voltages (VGMAUP(1) ... VGMAUP(n)) that are greater than the common voltage and
a low group of gamma voltages (VGMADN(1) ... VGMADN(n)) that are lower than the common voltage, the
high group of gamma voltages including a high intermediate gamma voltage (VGMAUP(C)) at the intermediate
gray level and the low group of gamma voltages including a low intermediate gamma voltage (VGMADN(C) at
the intermediate gray level, the high and low intermediate gamma voltages being referred to as the inverted
gamma voltages at the intermediate gray level; and

(c) randomly selecting a gamma voltage at a gray level other than the intermediate gray level, and adjusting
the selected gamma voltage,

wherein the gamma voltage adjustment in step (c) satisfies the following equation:

[Vke — Vkt} = [(VGMAUP(C) + VGMADN(C))/2 — (VGMAUP(t) +
VGMADN(1))/2]

where Vkc is a kickback voltage at the intermediate gray level, Vkt is the kickback voltage at the selected gray
level, VGMAUP(C) and VGMADN(C) are the inverted gamma voltages at the intermediate gray level, and
VGMAUP(t) and VGMADN(t) are the inverted gamma voltages at the randomly selected gray level.

Patentanspriiche

1.

Eine Flussigkristallanzeige (liquid crystal display, LCD) zur Darstellung von Bildern auf einem LCD-Bildschirm mit
Pixeln unter Verwendung eines Dlnnschichttransistors als Schaltelement, und mit Spannungen, die Graustufen
entsprechen, welche von einem Source Treiber erzeugt werden, die unter Verwendung von Gammaspannungen
die von einem Leiterplatten-Board (PCB-) Modul geliefert werden, wobei eine Gammaspannung an einem Pixel um
die Hohe einer Riicksprungsspannung (Vk) fallt nachdem eine Gate-Spannung niedrig wird, wobei die LCD-Vor-
richtung Folgendes umfasst:
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eine Gammaspannungs-Erzeugungseinheit (200) zum Erzeugen eines Gleichtaktspannungs-Steuersignals
zum Einstellen einer Gleichtaktspannung und zum Auswéhlen einer Gammaspannung auf einer Graustufe,
wobei die Gammaspannungs-Erzeugungseinheit Folgendes einschlief3t:

eine Steuerung (210), ausgebildet, um Folgendes zu erzeugen:

ein Gleichtaktspannungs-Steuersignal zum Einstellen einer Gleichtaktspannung, und

ein Gammaspannungs-Steuersignal zum Einstellen von Gammaspannungen; und

einen Gammaspannungsgnerator (220), ausgebildet, um die Gammaspannungen auf der Grundlage
des Gammaspannungs-Steuersignals zu erzeugen, wobei die Gammaspannungen eine hohe Gruppe
von Gammaspannungen (VGMAUP(1) ... VGMAUP(n)) umfassen, die héher sind als die Gleichtakt-
spannung, und eine niedrige Gruppe von Gammaspannungen (VGMADN(1) ... VGMADN(n)), die nied-
riger sind als die Gleichtakispannung, wobei die hohe Gruppe von Gammaspannungen eine hohe
intermedidare Gammaspannung (VGMAUP(C)) auf einer intermedidren Graustufe einschliet und die
niedrige Gruppe von Gammaspannungen eine niedrige intermediare Gammaspannung (VG-
MADDN(C)) auf der intermediaren Graustufe einschlief3t, wobei die hohen und niedrigen intermediaren
Gammaspannungen als invertierte Gammaspannungen auf intermedidrem Niveau bezeichnet werden;
und

einen Gleichtaktspannungsgenerator (300) zum Einstellen der Gleichtaktspannung auf der Grundlage
des Gleichtaktspannungs-Steuersignals, wobei die eingestellte Spannung an den LCD-Bildschirm aus-
gegeben wird;

wobei die LCD-Vorrichtung dadurch gekennzeichnet ist, dass

die Gammaspannungs-Erzeugungseinheit (200), wenn eine vordefinierte Rlicksprungsspannung von
einem Bediener mit Hilfe eines Tuners eingegeben wird, der am PCB-Modul montiert ist, oder mit Hilfe
eines Anwenderprogramms automatisch von der Steuerung (210) erkannt wird, ausgebildet ist, um

i) ein Gleichtaktspannungs-Steuersignal zur Anpassung der Gleichtaktspannung um die Hoéhe
einer Riicksprungsspannung auf der intermedidren Graustufe zu erzeugen,

ii) nach dem Zufallsprinzip Gammaspannungen auf anderen Graustufen als der intermediaren
Graustufe auszuwahlen, und um

iii) die nach dem Zufallsprinzip gewéahlte Gammaspannung anzupassen,

wobei

der Gleichtaktspannungsgenerator (300) die Gleichtaktspannung um die Héhe der Riicksprungsspan-
nung auf der intermedidren Graustufe auf der Grundlage des Gleichtaktspannungs-Steuersignals an-
passt, und wobei

die nach dem Zufallsprinzip gewahlten Gammaspannungen, die von der Gammaspannungs-Erzeu-
gungseinheit ausgegeben werden, folgende Gleichung erfiillen:

IVke - Vktl = | (VGMAUP(C) + VGMADN(C))/2 - (VGMAUP(t) +
VGMADN (t)) /21

worin Vkc eine Riicksprungsspannung auf der intermediaren Graustufe ist, Vkt die Riicksprungsspan-
nung auf der nach dem Zufallsprinzip gewahlten Graustufe ist, VGMAUP(C) und VGMADN(C) die
invertierten Gammaspannungen auf der intermedidren Graustufe sind und VGMAUP(t) und VG-
MADN(t) die invertierten Gammaspannungen auf der gewahlten Graustufe sind.

2. Ein Verfahren zum Antreiben einer Flissigkristallanzeige (LCD), die Bilder auf einem LCD-Bildschirm mit Pixeln

unter Verwendung eines Diinnschichttransistors als Schaltelement anzeigt, und mit Spannungen, die Graustufen
entsprechen, welche von einem Source Treiber unter Verwendung einer Gammaspannung erzeugt werden, die von
einem PCB-Modul geliefert werden, das einen Gammaspannungsgenerator (220) einschliel3t, wobei eine Gamma-
spannung an einem Pixel um die Héhe einer Riicksprungsspannung (Vk) fallt, nachdem eine Gate Spannung niedrig
wird, wobei das Verfahren dadurch gekennzeichnet ist, dass es folgende Schritte umfasst:

(a) Erzeugen eines Gleichtaktspannungs-Steuersignals zum Anpassen einer Gleichtaktspannung um die Héhe
einer Rlicksprungsspannung an einer intermediaren Graustufe, wenn eine vordefinierte Rlicksprungsspannung
von einem Bediener mit Hilfe eines Tuners eingegeben wird, der an der Leiterplatte montiert ist, oder mit Hilfe
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eines Anwenderprogramms automatisch von einer Steuerung (210) erkannt wird;

(b) Erzeugen eines Gammaspannungs-Steuersignals zum Anpassen von Gammaspannungen, wobei die Gam-
maspannungen eine hohe Gruppe von Gammaspannungen (VGMAUP(1) ... VGMAUP(n)) umfassen, die héher
sind als die Gleichtaktspannung, und eine niedrige Gruppe von Gammaspannungen (VGMADN(1) ... VG-
MADN(n)), die niedriger sind als die Gleichtakispannung, wobei die hohe Gruppe von Gammaspannungen eine
hohe intermediare Gammaspannung (VGMAUP(C)) auf der intermedidren Graustufe einschlief3t und die nied-
rige Gruppe von Gammaspannungen eine niedrige intermedidare Gammaspannung (VGMADN(C)) auf der in-
termedidren Graustufe einschlielt, wobei die hohen und niedrigen intermedidren Gammaspannungen als die
invertierten Gammaspannungen auf der intermediaren Graustufe bezeichnet werden; und

(c) Auswahlen einer Gammaspannung auf einer anderen Graustufe als der intermediaren Graustufe nach dem
Zufallsprinzip und Anpassen der gewahlten Gammaspannung,

wobei die Gammaspannungs-Anpassung in Schritt (c) folgende Gleichung erfiillt:

IVke - Vktl = | (VGMAUP(C) + VGMADN(C))/2 - (VGMAUP(t) +
VGMADN (t)) /21 o

worin Vkc eine Riicksprungsspannung auf der intermediaren Graustufe ist, Vkt die Riicksprungsspannung auf
der gewahlten Graustufe ist, VGMAUP(C) und VGMADN(C) die invertierten Gammaspannungen auf der inter-
medidren Graustufe sind und VGMAUP(t) und VGMADN(t) die invertierten Gammaspannungen auf der nach
dem Zufallsprinzip gewahlten Graustufe sind.

Revendications

1. Dispositif d’affichage a cristaux liquides (ACL) pour afficher des images sur un panneau ACL a pixels en utilisant
un transistor en couche mince comme élément de commutation, et avec des tensions correspondant a des niveaux
de gris générées par un pilote source utilisant une tension gamma fournie par un module de carte de circuit imprimé
(CClI), dans lequel une tension gamma a travers un pixel chute d’autant qu’une tension de retour (Vk) aprés qu’'une
tension de grille devient basse, le dispositif ACL comportant :

une unité de génération (200) de tension gamma pour générer un signal de contrdle de tension commune pour
ajuster une tension commune et pour sélectionner une tension gamma a un niveau de gris, I'unité de génération
de tension gamma comprenant :

un contrbleur (210) adapté a générer

un signal de contrdle de tension commune pour ajuster une tension commune ; et
un signal de contrdle de tension gamma pour ajuster des tensions gamma ; et

un générateur (220) de tensions gamma adapté a générer lesdites tensions gamma sur la base dudit signal
de contrble de tension gamma, lesdites tensions gamma comprenant un groupe haut de tensions gamma
(VGMAUP(1) ... VGMAUP (n)) qui sont plus hautes que la tension commune et un groupe bas de tensions
gamma (VGMADN(1) ... VGMADN(n)) qui sont plus basses que la tension commune, le groupe haut de
tensions gamma comprenant une tension gamma intermédiaire haute (VGMAUP(C)) a un niveau de gris
intermédiaire et le groupe bas de tensions gamma comprenant une tension gamma intermédiaire basse
(VGMADN(C) audit niveau de gris intermédiaire, les tensions gamma intermédiaires haute et basse étant
référencées comme tensions gamma inversées au niveau intermédiaire ; et

un générateur (300) de tension commune pour ajuster la tension commune sur la base du signal de controle
de tension commune et pour délivrer la tension ajustée au panneau ACL ;

le dispositif ACL étant caractérisé en ce que :

ladite unité de génération (200) de tension gamma, lorsqu’une tension de retour prédéterminée est
appliquée par un opérateur a I'aide d’un syntoniseur monté sur le module CCI ou est reconnue auto-

matiquement par le contréleur (210) utilisant un programme d’application, est adapté a :

i) générer un signal de contble de tension commune pour ajuster la tension commune par autant
qu’une tension de retour au niveau de gris intermédiaire ;

10
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ii) sélectionner aléatoirement des tensions gamma a des niveaux de gris autres que le niveau de
gris intermédiaire ; et a
iii) ajuster la tension gamma sélectionnée aléatoirement ;

dans lequel

ledit générateur (300) de tension commune ajuste la tension commune par autant que la tension de
retour au niveau de gris intermédiaire sur la base du signal de commande de tension commune, et
dans lequel

les tensions gamma sélectionnées aléatoirement délivrées par|’'unité de génération de tensions gamma
satisfont I'’équation suivante :

|IVkc - Vkt| = | (VGMAUP(C) + VGMADN (C))/2 — (VGMAUP (t)
+ VGMADN(t)) /2|

ou Vkc est une tension de retour au niveau de gris intermédiaire, Vkt est la tension de retour au niveau
de gris sélectionné aléatoirement, VGMAUP(C) et VGMADN(C) sont les tensions gamma inversées
au niveau de gris intermédiaire, et VGMAUP(t) et VGMADN(t) sont les tensions gamma inversées au
niveau de gris sélectionné.

2. Procédé pour piloter un dispositif d’affichage a cristaux liquides (ACL) qui affiche des images sur un panneau ACL

a pixels en utilisant un transistor en couche mince comme élément de commutation, et avec des tensions corres-
pondant a des niveaux de gris générées par pilote source utilisant une tension gamma fournie par un module CCI
comprenant un générateur (220) de tension gamma, dans lequel une tension gamma a travers un pixel chute
d’autant qu’une tension de retour (Vk) aprés qu’une tension de grille devient basse, le procédé étant caractérisé
en ce qu’il comporte les étapes de :

(a) génération d’un signal de contréle de tension commune pour ajuster une tension commune par autant qu'une
tension de retour a un niveau de gris intermédiaire lorsqu’une tension de retour prédéterminée est appliquée
par un opérateur a l'aide d’un syntoniseur monté sur la carte de circuitimprimé ou estreconnue automatiquement
par un contréleur (210) utilisant un programme d’application ;

(b) génération d’un signal de commande de tension gamma pour ajuster des tensions gamma, lesdites tensions
gamma comprenant un groupe haut de tensions gamma (VGMAUP(1) ... VGMAUP (n)) qui sont plus hautes
que la tension commune et un groupe bas de tensions gamma (VGMADN(1) ... VGMADN(n)) qui sont plus
basses que la tension commune, le groupe haut de tensions gamma comprenant une tension gamma intermeé-
diaire haute (VGMAUP(C)) au niveau de gris intermédiaire et le groupe bas de tensions gamma comprenant
une tension gamma intermédiaire basse (VGMADN(C) audit niveau de gris intermédiaire, les tensions gamma
intermédiaires haute et basse étant référencées comme tension gamma inversées au niveau intermédiaire de
gris ; et

(c) sélectionner aléatoirement une tension gamma a un niveau de gris autre que le niveau de gris intermédiaire,
et ajuster la tension gamma sélectionnée,

dans lequel I'ajustement de tension gamma lors de I'étape (c) satisfait 'équation suivante :

|Vkec = Vkt| = | (VGMAUP(C) + VGMADN(C))/2 - (VGMAUP (t)

+ VGMADN(t)) /2|
ou Vkc est une tension de retour au niveau de gris intermédiaire, Vkt est la tension de retour au niveau de gris
sélectionné aléatoirement, VGMAUP(C) et VGMADN(C) sont les tensions gamma inversées au niveau de gris

intermédiaire, et VGMAUP(t) et VGMADN(1) sont les tensions gamma inversées au niveau de gris sélectionné
aléatoirement.
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