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In a display device of the present invention, a positive pole
voltage and a negative pole voltage at which flicker is less
likely to occur are calculated in advance. In memory tables,
as voltages to be applied to liquid crystal, data of the positive
pole voltage is stored, and, instead of the negative pole
voltage, a correction value that allows for calculating the
negative pole voltage when used in combination with the
positive pole voltage is stored. In this way, it is possible to
make appearance of the flicker less likely. In addition, it is
possible to reduce memory size (specifically, by (A-B)x2’
bits) and thereby reduce packaging area and attain lower
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DISPLAY DEVICE

[0001] This nonprovisional application claims priority
under 35 U.S.C. § 119(a) on Patent Application No. 049831/
2004 filed in Japan on Feb. 25, 2004, the entire contents of
which are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to display devices
such as liquid crystal display devices.

BACKGROUND OF THE INVENTION

[0003] Conventionally, display devices such as liquid
crystal display devices have been widely used. Examples of
the liquid crystal display devices are disclosed in Japanese
Publication for Laid-Open Patent Application, Tokukaihei
7-175447 (publication date: Jul. 14, 1995), Japanese Publi-
cation for Laid-Open Patent Application, Tokukaihei
10-74066(publication date: Mar. 17, 1998), and Japanese
Publication for Laid-Open Patent Application, Tokukai
2000-20037 (publication date: Jan. 21, 2000).

[0004] A liquid crystal display device disclosed in Toku-
kaihei 7-175447 has two tables: a positive pole table and a
negative pole table.

[0005] In displaying a solid image, it is necessary that
voltages applied to liquid crystal are equal on an n-th line
and an (n+1)-th line.

[0006] If the liquid crystal causes no attraction or the like,
a negative pole voltage can be calculated by calculating 1°s
complement of a positive pole voltage.

[0007] In general, liquid crystal causes attraction due to
parasitic capacitances. The parasitic capacitances lower an
image voltage, which is a potential of an image signal. That
is, the parasitic capacitances lower a center voltage value of
the image signal. The attraction becomes greater as the
display becomes closer to blank display (blank display
means White in Normal White display and Black in Normal
Black display).

[0008] Depending on the directions of electric fields
applied to the liquid crystal, voltages applied to the liquid
crystal are different on the n-th line and the (n+1)-th line. As
a result, flicker appears.

SUMMARY OF THE INVENTION

[0009] An object of the present invention is to provide a
display device that is less likely to cause flicker.

[0010] To attain the foregoing object, a display device of
the present invention is a display device for displaying an
image when a positive pole voltage or a negative pole
voltage is applied as an image voltage to a pixel electrode,
an opposed voltage is applied to an opposed electrode, and
a pixel voltage is applied to a pixel as a difference between
the image voltage and the opposed voltage, wherein: the
positive pole voltage and the negative pole voltage are
determined with respect to each gradation, an opposed
voltage at which flicker is minimized and a representing
value of the opposed voltage are determined, and a differ-
ence between the opposed voltage and the representing
value of the opposed voltage is calculated; the difference is
added to the positive pole voltage and the negative pole
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voltage, the opposed voltage is set to the representing value,
a gamma value is set to a predetermined value, a center
voltage value and the opposed voltage are fixed, and, while
changing gradations, the positive pole voltage and the nega-
tive pole voltage are adjusted so that values of the positive
pole voltage and the negative pole voltage are on a grada-
tion-luminance curve that is associated with the gamma
value; if one of the positive pole voltage or the negative pole
voltage is a first pole voltage, and the other of the positive
pole voltage or the negative pole voltage is a second pole
voltage, a value of the first pole voltage is stored in a voltage
data storing section; and a correction value, which is a
difference between a value of the second pole voltage and
1’s complement of the value of the first pole voltage, is
stored in the voltage data storing section, the display device
further including a voltage data generating section for cal-
culating a value of the second pole voltage that is associated
with the value of the first pole voltage, by using the first pole
voltage and the correction value at a time of display pro-
cessing.

[0011] Avoltage applied to the liquid crystal is referred to
as an image voltage; a voltage applied to the opposed
electrode is referred to as an opposed voltage; a difference
between the image voltage and the opposed voltage, the
difference being applied to a pixel, is referred to as a pixel
voltage, and one-half of the amplitude of the image voltage
and one-half of the amplitude of the opposed voltage are
referred to as center voltage values of the image voltage and
the opposed voltage, respectively. Since AC driving is
performed, the image voltage has two values. The value
higher than the opposed voltage is referred to as the positive
pole voltage, and the value lower than the opposed voltage
is referred to as the negative pole voltage.

[0012] According to this arrangement, first, the positive
pole voltage and the negative pole voltage are determined
with respect to each gradation. An opposed voltage at which
flicker is minimized and a representing value of the opposed
voltage are determined. Then, a difference between the
opposed voltage and the representing value of the opposed
voltage is calculated, and the difference is added to the
positive pole voltage and the negative pole voltage. The
opposed voltage is set to the representing value.

[0013] Next, a gamma value is set to a predetermined
value (e.g. 2.5), the center voltage value and the opposed
voltage are fixed, and, while changing gradations, the posi-
tive pole voltage and the negative pole voltage are adjusted
by using a luminance meter or the like so that values of the
positive pole voltage and the negative pole voltage are on a
gradation-luminance curve that is associated with the
gamma value.

[0014] Next, if one of the positive pole voltage or the
negative pole voltage is a first pole voltage, and the other of
the positive pole voltage or the negative pole voltage is a
second pole voltage, a value of the first pole voltage is stored
in a voltage data storing section. Instead of storing a value
of the second pole-voltage, a correction value that is a
difference between the value of the second pole voltage and
1’s complement of the value of the first pole voltage is stored
in the voltage data storing section.

[0015] At a time of display processing, a value of the
second pole voltage that is associated with the value of the
first pole voltage is calculated by using the first pole voltage
and the correction value.
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[0016] Thus, instead of storing data of the negative pole
voltage, the correction value that allows for calculating a
desired negative pole voltage when used in combination
with the value of the positive pole voltage is stored in the
voltage data storing section. Alternatively, instead of storing
data of the positive pole voltage, the correction value that
allows for calculating a desired positive pole voltage when
used in combination with the value of the negative pole
voltage is stored in the voltage data storing section.

[0017] As aresult, for example, even if the number of bits
required for each data is eight bits in the case where data of
the negative pole voltage is stored in the voltage data storing
section, the number of bits required can be reduced to four
bits, for example.

[0018] Therefore, compared to the case where data of the
negative pole voltage is stored in the voltage data storing
section, the amount of data to be stored in the voltage data
storing section can be reduced.

[0019] Thus, the foregoing arrangement has an effect that
it is possible to realize a display device that can make
appearance of the flicker less likely in any set gradation,
reduce the variation of the positive pole voltage and the
negative pole voltage between gradations, obtain a correct
luminance that can attain a desired gradation with respect to
each set gradation, and reduce the stress on the capacity of
the voltage data storing section.

[0020] In addition to having the foregoing arrangement,
the display device of the present invention is such that the
number of bits B of the correction value is determined so
that the following inequality is satisfied:

VgppxHmax/2B<VA/KD

[0021] where Vgpp is a peak-to-peak voltage of a gate
voltage in a pixel transistor; Hmax is a maximum value of
variation of attraction; B is the number of bits of the
correction value; VA is an amplitude of the image signal; and
KD is the number of gradations allocated to each gamma
value.

[0022] According to this arrangement, the number of bits
B of the correction value is determined so as to satisfy the
foregoing inequality.

[0023] Therefore, the amount of data to be stored in the
voltage data storing section can be reduced more easily.
Thus, in addition to the effect of the foregoing arrangement,
there is an effect that the stress on the capacity of the voltage
data storing section can be reduced more easily.

[0024] In addition to having the foregoing arrangement,
the display device of the present invention is such that the
number of bits of the correction value is one-half of the
number of bits of the value of the first pole voltage.

[0025] According to this arrangement, the number of bits
of the correction value is one-half of the number of bits of
the value of the first pole voltage.

[0026] Therefore, the amount of data to be stored in the
voltage data storing section can be reduced more certainly.
Thus, in addition to the effect of the foregoing arrangement,
there is an effect that the stress on the capacity of the voltage
data storing section can be reduced more certainly.

[0027] To solve the foregoing problems, a display device
of the present invention is a display device for displaying an
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image when a positive pole voltage or a negative pole
voltage is applied as an image voltage to a pixel electrode,
an opposed voltage is applied to an opposed electrode, and
a pixel voltage is applied to a pixel as a difference between
the image voltage and the opposed voltage, wherein: the
positive pole voltage and the negative pole voltage are
determined with respect to each gradation, an opposed
voltage at which flicker is minimized and a representing
value of the opposed voltage are determined, and a differ-
ence between the opposed voltage and the representing
value of the opposed voltage is calculated; the difference is
added to the positive pole voltage and the negative pole
voltage, the opposed voltage is set to the representing value,
a gamma value is set to a predetermined value, a center
voltage value and the opposed voltage are fixed, and, while
changing gradations, the positive pole voltage and the nega-
tive pole voltage are adjusted so that values of the positive
pole voltage and the negative pole voltage are on a grada-
tion-luminance curve that is associated with the gamma
value; if one of the positive pole voltage or the negative pole
voltage is a first pole voltage, and the other of the positive
pole voltage or the negative pole voltage is a second pole
voltage, a value of the first pole voltage is stored in a voltage
data storing section; and a correction value is stored in the
voltage data storing section, the correction value being a
value that allows for calculating a desired value of the
second pole voltage when used in combination with the first
pole voltage, and the number of bits required for the
correction value being smaller than the number of bits
required for the value of the second pole voltage, the display
device further including a voltage data generating section for
calculating a value of the second pole voltage that is
associated with the value of the first pole voltage, by using
the first pole voltage and the correction value at a time of
display processing.

[0028] A voltage applied to the pixel electrode is referred
to as an image voltage; a voltage applied to the opposed
electrode is referred to as an opposed voltage; a difference
between the image voltage and the opposed voltage, the
difference being applied to a pixel, is referred to as a pixel
voltage, and one-half of the amplitude of the image voltage
and one-half of the amplitude of the opposed voltage are
referred to as center voltage values of the image voltage and
the opposed voltage, respectively. Since AC driving is
performed, the image voltage has two values. The value
higher than the opposed voltage is referred to as the positive
pole voltage, and the value lower than the opposed voltage
is referred to as the negative pole voltage.

[0029] According to this arrangement, first, the positive
pole voltage and the negative pole voltage are determined
with respect to each gradation. An opposed voltage at which
flicker is minimized and a representing value of the opposed
voltage are determined. Then, a difference between the
opposed voltage and the representing value of the opposed
voltage is calculated, and the difference is added to the
positive pole voltage and the negative pole voltage. The
opposed voltage is set to the representing value.

[0030] Next, a gamma value is set to a predetermined
value (e.g. 2.5), the center voltage value and the opposed
voltage are fixed, and, while changing gradations, the posi-
tive pole voltage and the negative pole voltage are adjusted
by using a luminance meter or the like so that values of the



US 2005/0184950 Al

positive pole voltage and the negative pole voltage are on a
gradation-luminance curve that is associated with the
gamma value.

[0031] Next, if one of the positive pole voltage or the
negative pole voltage is a first pole voltage, and the other of
the positive pole voltage or the negative pole voltage is a
second pole voltage, a value of the first pole voltage is stored
in a voltage data storing section. Instead of storing a value
of the second pole voltage, a correction value is stored in the
voltage data storing section. The correction value is a value
that allows for calculating a desired value of the second pole
voltage when used in combination with the value of the first
pole voltage, and the number of bits required for the
correction value is smaller than the number of bits required
for the value of the second pole voltage.

[0032] At a time of display processing, a value of the
second pole voltage that is associated with the value of the
first pole voltage that is associated with the value of the first
pole voltage is calculated by using the first pole voltage and
the correction value.

[0033] Thus, instead of storing data of the negative pole
voltage, the correction value that allows for calculating a
desired negative pole voltage when used in combination
with the value of the positive pole voltage is stored in the
voltage data storing section. Alternatively, instead of storing
data of the positive pole voltage, the correction value that
allows for calculating a desired positive pole voltage when
used in combination with the value of the negative pole
voltage is stored in the voltage data storing section.

[0034] As aresult, for example, even if the number of bits
required for each data is eight bits in the case where data of
the negative pole voltage is stored in the voltage data storing
section, the number of bits required can be reduced to four
bits, for example.

[0035] Therefore, compared to the case where data of the
negative pole voltage is stored in the voltage data storing
section, the amount of data to be stored in the voltage data
storing section can be reduced.

[0036] Thus, the foregoing arrangement has an effect that
it is possible to realize a display device that can make
appearance of the flicker less likely in any set gradation,
reduce the variation of the positive pole voltage and the
negative pole voltage between gradations, obtain a correct
luminance that can attain a desired gradation with respect to
each set gradation, and reduce the stress on the capacity of
the voltage data storing section.

[0037] For a fuller understanding of the nature and advan-
tages of the invention, reference should be made to the
ensuing detailed description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 is a block diagram illustrating an arrange-
ment of major parts of a display device in accordance with
an embodiment of the present invention.

[0039] FIG. 2 is a diagram illustrating memory tables in
a comparative example.

[0040] FIG. 3 is a diagram illustrating memory tables in
the embodiment.
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[0041] FIG. 4 is a diagram illustrating relationships
among a positive pole voltage, a negative pole voltage, and
an opposed voltage.

[0042] FIG. 5 is a diagram illustrating how a voltage data
generating section generates the negative pole voltage in
order to perform display processing.

DESCRIPTION OF THE EMBODIMENTS

[0043] The present embodiment is an active matrix liquid
crystal display device. The following is an outline of the
display device of the present embodiment. First, a positive
pole voltage and a negative pole voltage that are less likely
to cause flicker are calculated. Then, in memory tables of a
voltage data storing section, positive pole voltage data is
stored as a voltage to be applied to liquid crystal (pixel
voltage), and a corrected value is stored. The corrected value
is not the negative pole voltage but a value that allows for
calculating the negative pole voltage when used in combi-
nation with the positive pole voltage. This arrangement can
make appearance of flicker less likely. In addition, it is
possible to reduce the memory size and thereby reduce
packaging area and attain lower cost.

[0044] First, an arrangement of a comparative example is
described.

[0045] Asshown in FIG. 1, a display device 1 includes an
LCDC (liquid crystal display controller) 10, a voltage data
storing section 15, a source driver 19, and a liquid crystal
panel 21. The LCDC 10 includes a display RAM 11, a
gamma pre table 13, and a voltage data generating section
16. The members shown in FIG. 1 can be those of known
arrangements, except the voltage data generating section 16
of the present embodiment. Therefore, these members are
not described in detail. Other members, such as a gate driver,
are also provided by using those of known arrangements, but
are not shown or described here.

[0046] In the description below, “x:y:z” indicates that the
number of bits of image signal data (voltages applied to
liquid crystal) of R (red), G (green) and B (blue) are x, y, and
z, respectively.

[0047] For example, image signal data 9 of “8:8:8” is
inputted to the LCDC 10 from an external device such as a
host of a portable phone.

[0048] The display RAM 11 thins out the input data and
obtain image signal data 12 of “5:6:5”.

[0049] The image signal data 12 is corrected by a bit
conversion circuit (not shown) and the gamma pre table 13
in the LCDC 10, so as to obtain image signal data 14 of
“T.7.:7”. Possible gamma values are 1.0, 1.8, 2.2, and 2.5.

[0050] The image signal data 14 is obtained by bit con-
version of the image signal supplied from the main body of
the external device. The image signal data 14 is used by the
voltage data generating section 16 in order to access the
voltage data storing section 15, which includes memory
tables. Since the image signal data 14 is “7:7:7”, the number
of possible addresses of the image signals R, G and B is 27.
Voltage data associated with the addresses are stored in the
memory tables of the voltage data storing section 15. Dif-
ferent addresses are referred to in accordance with grada-
tions and gamma values.
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[0051] The reference numeral 15 indicates the voltage data
storing section, which has the memory tables storing volt-
ages to be applied to the liquid crystal.

[0052] As shown in FIG. 2, in the comparative example,
the size of the memory tables is (A-bit data)x2”x2. One
(A-bit data)x2” is a positive pole voltage data table 31
storing a positive pole voltage that is a part of an image
voltage. The other (A-bit data)x2” is a negative pole voltage
data table 32 storing a negative pole voltage that is also a
part of the image voltage. Since each of R, G and B in this
example is seven bits, the number of bits of the A-bit data
is 27. However, this number is not limited to seven.

[0053] These data are stored in a rewritable IC called
EEPROM (Electrically Erasable Programmable ROM) pro-
vided on an FPC (Flexible Printed Circuit).

[0054] If there is no attraction, the negative pole voltage
can be 1’s complement of the positive pole voltage. There-
fore, it is not necessary to store the negative pole voltage in
the memory table. In reality, however, there is attraction, and
such a result of calculation would cause the problem of
flicker. An attraction voltage AV is represented by

AV=VgppxCgdj(Cle+Ces+Cgd)

[0055] where Vgpp is a peak-to-peak voltage of a gate
voltage in a pixel transistor; Clc is a capacitance of the liquid
crystal; Ces is an auxiliary capacitance; and Cgd is a
parasitic capacitance. In this formula, Clc tends to increase
as the voltage applied to the liquid crystal increases. There-
fore, the attraction voltage is not a constant; it varies
depending on the voltage applied to the liquid crystal. If the
state when the image voltage (negative pole voltage) is
lower than an opposed voltage is state 1 and the state when
the image voltage (positive pole voltage) is higher than the
opposed voltage is state 2, an electric field between a pixel
electrode and an opposed electrode has different directions
when there is a transition from state 1 to state 2 and when
there is a transition from state 2 to state 1. This results in
different Cle. Thus, Clc has a hysteresis property.

[0056] Due to these various factors, it is impossible to
simply adopt 1°s complement of the positive pole voltage as
the negative pole voltage. Instead, a negative pole voltage
desirable for the purpose of display (that is, a negative pole
voltage that causes little flicker) is determined in advance
and stored in the memory table.

[0057] As shown in FIG. 3, in the present embodiment,
the size of the memory tables is (A-bit data)x2”+(B-bit
data)x2”. Here, B<A, preferably B<<A.

[0058] (A-bit data)x2” is a positive voltage data table 31
storing a positive pole voltage that is a part of an image
voltage. (B-bit data)x2” is a correction value table 33 storing
a correction value for calculating the negative pole voltage,
instead of storing the negative pole voltage that is a part of
the image voltage.

[0059] As in the foregoing case, these data are stored in a
rewritable IC called EEPROM provided on an FPC.

[0060] In the comparative example, as shown in FIG. 2,
the voltage data generating section 16 selects (reads) image
signal data from the memory tables of the voltage data
storing section 15 with respect to the positive pole voltage
and the negative pole voltage. The source driver 19 uses the
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image signal data on the liquid crystal panel 21 as image
signal data with an optimal voltage to be applied to the liquid
crystal. The voltage to be applied to the liquid crystal is
applied to each pixel of the liquid crystal panel 21 through
source signal lines. As a result, an image is displayed. In
order to apply a voltage to a pixel in accordance with data
by using the source driver 19, the gate driver (not shown)
and the like, a known mechanism is used. Therefore, the
mechanism is not described here.

[0061] On the other hand, in the present embodiment, as
shown in FIG. 1, the voltage data generating section 16
selects image signal data with respect to the positive pole
voltage from the memory table of the voltage data storing
section 15. With respect to the negative pole voltage, as
described later, the voltage data generating section 16 selects
(reads) a correction value associated with the positive pole
voltage from the memory table of the voltage data storing
section 15. Then, the negative pole voltage is calculated by
a circuit in the display device, and used as the voltage to be
applied to the liquid crystal.

[0062] When the voltage to be applied to the liquid crystal
is at maximum in line inversion dot sequential driving, the
relationship between positive pole voltage data and negative
pole voltage data in the memory tables of the voltage data
storing section 15 is as shown in FIG. 4.

[0063] The image voltage has either one of two values,
that is, the positive pole voltage or the negative pole voltage.
The opposed voltage may be an AC voltage or a DC voltage.
In the present embodiment, the opposed voltage is an AC
vollage.

[0064] As described above, in the case where the voltage
to be applied to the liquid crystal is at maximum, it is
necessary that voltages applied to liquid crystal are equal on
an n-th line and an (n+1)-th line, as shown in FIG. 4. If the
liquid crystal causes no attraction or the like, the negative
pole voltage can be 1’s complement of the positive pole
voltage. In general, liquid crystal causes attraction, which
decreases the image voltage (potential of an image signal).
In other words, the attraction decreases a center voltage
value of the image signal. The attraction becomes greater as
the voltage applied to the liquid crystal is lower. The pixel
voltages that decrease the center voltage value are different
between the n-th line and the (n+1)-th line. As a result,
flicker appears.

[0065] To solve this problem, in the present embodiment,
the negative pole voltage obtained as 1’s complement is
corrected, so that the same voltage is applied to the liquid
crystal on the n-th line and the (n+1)-th line (i.e. so that
flicker is caused to the same degree).

[0066] The following outlines how to calculate the cor-
rection value (details are provided later in (step 1) to (step
3)). First, a center voltage value (of an image signal) that
minimizes the flicker is actually measured with respect to
each gradation. In other words, the center voltage value of
the opposed voltage and the center voltage value of the
image signal are equalized.

[0067] Next, based on the center voltage value actually
measured, the negative pole voltage is calculated as follows:

(the center voltage value of the image signal)-the
amplitude of the image signal/2
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[0068] Finally, the correction value is determined by sub-
tracting 1’s complement of the positive pole voltage from
the negative pole voltage thus calculated. In the present
embodiment, instead of the negative pole voltage, the cor-
rection value is stored in the memory table at the time of
manufacturing the display device.

[0069] At the time of display processing, in the display
device, the negative pole voltage is calculated based on the
correction value and the positive pole voltage that is asso-
ciated with the correction value. Specifically, as shown in
FIG. 5, the voltage data generating section 16 in the display
device includes an inverter 41 that receives the positive pole
voltage data obtained from the memory table. The inverter
41 outputs 1’s complement of the positive pole voltage. An
adder 42 adds the output of the inverter 41 and the correction
value obtained from the memory table, and outputs the
result. An appropriate known arrangement may be adopted
as a circuit arrangement for selecting and outputting the
positive pole voltage. Therefore, the circuit arrangement is
not shown or described.

[0070] In the comparative example, calculation of the
voltage 1o be applied to the liquid crystal requires two kinds
of data: the positive pole voltage data and the negative pole
voltage data of the voltage to be applied to the liquid crystal.
Therefore, there is a drawback that memory size and capaci-
tance are large.

[0071] In contrast, in the present embodiment, the nega-
tive voltage data is calculated by the method described
above, and this is used instead of the negative pole voltage.
As aresult, it is possible to reduce memory size (specifically,
by (A-B)x2” bits) and thereby reduce packaging area and
attain lower cost.

[0072] (Step 1)

[0073] Avoltage applied to the liquid crystal is referred to
as an image voltage; a voltage applied to the opposed
electrode is referred to as an opposed voltage; a difference
between the image voltage and the opposed voltage, the
difference being applied to a pixel, is referred to as a pixel
voltage, and one-half of the amplitude of the image voltage
and one-half of the amplitude of the opposed voltage are
referred to as center voltage values of the image voltage and
the opposed voltage, respectively. Since AC driving is
performed, the image voltage has two values. The value
higher than the opposed voltage is referred to as the positive
pole voltage, and the value lower than the opposed voltage
is referred to as the negative pole voltage.

[0074] First, with reference to, for example, the specifi-
cation of each pixel, an engineer tentatively determines the
positive pole voltage and the negative pole voltage with
respect to each gradation, by calculating with a computer or
the like.

[0075] While considering the attraction of the positive
pole voltage and the attraction of the negative pole voltage
with respect to each gradation, the engineer changes the
opposed voltage. Then, the voltage applied to the liquid
crystal of the liquid crystal panel is measured by using a
luminance meter or the like, so as to calculate an opposed
voltage that causes a desired flicker, that is, an opposed
voltage that causes no appearance of flicker or substantially
no appearance of flicker (that is, a flicker of such a level that
no substantive problem occurs). Such an opposed voltage is
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represented by VF(n), where n is a number representing a
gradation, n=1, 2, 3, . . . , N (N is a value indicating the
number of gradations).

[0076] More specifically, the luminance of the liquid crys-
tal panel is measured by using a luminance meter (not
shown), and luminance data is converted into a voltage value
by using an oscilloscope (not shown). The more the flicker
is, the larger the amplitude of the voltage waveform. The
opposed voltage is determined based on the engineer’s
observation of the voltage waveform.

[0077] Next, the engineer determines an intermediate
value of VF(1) to VE(N) as a representing value VCF. For
example, an average value of VF(1) to VF(N) can be
adopted as VFC.

[0078] Next, difference opposed voltages AVF(n) are cal-
culated as follows:

AVF
AVF

1)=VE(1)-VFC,
2)=VF(2)-VEC,
AVF(3)=VF(3)-VEC,
AVE(n)=VE(n)-VEC,
AVE(N)=VE(N)-VFC
[0079] With respect to each gradation, AVF(n) is added

both to the positive pole voltage and the negative pole
voltage.

PRI SR S |

[0080] The opposed voltage is set to the representing
voltage.
[0081] By the foregoing step, it is possible to determine a

positive pole voltage, a negative pole voltage, and an
opposed voltage at which (i) flicker is less likely to appear
in any set gradation and (ii) the positive pole voltage and the
negative pole voltage do not vary significantly between
gradations.

[0082] (Step 2)

[0083] At the stage immediately after Step 1, a correct
luminance that can attain a desired gradation is not neces-
sarily obtained with respect to each set gradation. Therefore,
the next step is to set a gamma value to a predetermined
value (e.g. 2.5); keep the center voltage values and the
opposed voltage constant, and, by using a luminance meter
or the like and while changing gradations, adjust the positive
pole voltage and the negative pole voltage, so that the value
is on a gradation-luminance curve that is associated with the
set gamma value. If necessary, this adjustment processing is
repeated several dozen times. The adjustment method may
be a certain method such as linear interpolation, and calcu-
lation can be performed by a computer or the like.

[0084] More specifically, the luminance of the liquid crys-
tal panel is measured by using a luminance meter (not
shown) or the like. Then, luminance data is plotted on a
graph of luminance and gradation, and the luminance data is
compared with the gradation-luminance curve.

[0085] Note that there is the following relationship. By the
definition of the pixel voltage,

the pixel voltage=the amplitude of the image voltage/
2+the amplitude of the opposed voltage/2.

Meanwhile,

the amplitude of the image voltage=(the positive pole
voltage—the negative pole voltage)/2.
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Therefore,

the pixel voltage=(the positive pole voltage-the nega-
tive pole voltage)/2+the amplitude of the opposed

voltage/2 @
[0086] By the definition of the center voltage value,

the center voltage value=(the positive pole voltage+the

negative pole voltage)/2 2
[0087] In Step 2, the center voltage value and the opposed

voltage are constant. Therefore, it is found that, if one of the
pixel voltage, positive pole voltage, or negative pole voltage
is determined, the other two are also determined from the
formulas (1) and (2).

[0088] In this case, the center voltage value of the image
voltage and the center voltage value of the opposed voltage
are equal, and

the negative pole voltage=(the center voltage value of

the opposed voltage)-(the positive pole voltage—the

center voltage value of the opposed voltage)
[0089] By the foregoing step, it is possible to determine
such a positive pole voltage, a negative pole voltage, and an
opposed voltage that flicker is less likely to appear in any set
gradation, the positive pole voltage and the negative pole
voltage do not vary significantly between gradations, and a
correct luminance that can attain a desired gradation can be
obtained with respect to each set gradation.

[0090] (Step 3)

[0091] In the comparative example, the positive pole
voltage and the negative pole voltage are stored in the
memory tables prepared in advance in the display device.

[0092] On the other hand, in the present embodiment,
among the positive pole voltage, negative pole voltage, and
opposed voltage obtained as described above, the positive
pole voltage (first pole voltage) is stored in the memory
table. With regard to the negative pole voltage (second pole
voltage), data of a correction value is stored, instead of
storing the negative pole voltage. The correction value has
a predetermined relationship with the negative pole voltage
(hereinafter VN (n); n is a number representing a gradation,
as described above) calculated in Step 2 with respect to each
positive pole voltage. In other words, such a correction value
that allows for calculating a desired negative pole voltage
when used in combination with the value of the positive pole
voltage is stored.

[0093] Inthiscase, a formula for calculating the correction
value is determined so that the number of bits required for
the correction value is smaller than the number of bits
required for the negative pole voltage (second pole voltage).
For example, the correction value may be a difference
between the negative pole voltage and 1’s complement of
the positive pole voltage.

[0094] 1In other words, the predetermined relationship may
be, for example, the difference between the negative pole
voltage and 1’s complement of the positive pole voltage.

[0095] By using the positive pole voltage (hereinafter VP
(n); n is a number representing a gradation, as described
above) calculated in Step 2, 1’s complement of the positive
pole voltage (hereinafter VQ(n)) is calculated. This is a
correct negative pole voltage on the assumption that there is
no attraction. Then, a difference AVM(n) between VQ(n)
and the negative pole voltage (hereinafter VN (n); n is a
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number representing a gradation, as described above) cal-
culated in Step 2 with respect to each positive pole voltage
is calculated as the correction value as follows:

AVM(n)=VN(n)-VQ(m)

[0096] Instead of the data of the negative pole voltage,
AVM(n) is stored in the memory table, as the correction
value associated with each positive pole voltage.

[0097] The data to be stored can be calculated as follows,
for example:

the positive pole voltage=(the data for the positive pole
voltage to be stored in the memory table)x VD/K

the correction value=(the data for the correction value

to be stored in the memory table)x VD/K
[0098] where VD is a driving voltage (e.g. VD=3.3V in the
case of 3.3V driving); and K is the number of gradations
(e.g. K=256 in the case of 256 gradations).

[0099] For example, the positive pole voltage can be eight
bits, and the correction value can be four bits. As described
above,

the attraction voltage AV=VgppxCgd/(Clc+Ces+Cgd)

[0100] In general, variation of the attraction on the liquid
crystal panel is 3% to 5%, approximately. Thus, the maxi-
mum value of the variation of the attraction is 5%.

[0101] If the peak-to-peak voltage of the gate voltage in a
pixel transistor is Vgg=15V, the variation of the attraction
voltage is 15x0.05=0.75V. If this voltage is divided by (the
number of bits of the correction value) power of two, that is,
by the fourth power of two (16), a resolution of the correc-
tion value is obtained. Therefore, 0.75/16=0.0469V is the
resolution of the correction value.

[0102] The data of the positive pole voltage is eight bits,
and, in the present invention, allocated to four gamma values
(ie. 1.0, 1.8, 2.2, and 2.5). Therefore, 28/24=64 gradations
are allocated to each gamma value. The amplitude of a
image signal 3.3V divided by 64 (gradations) is 0.05156V.
Thus, 0.05156V is allocated to one bit. From the fact that

0.0469V<0.05156V,

[0103] it is found that the resolution of the correction
value exceeds the resolution of the positive pole voltage.
Therefore, the number of bits of the correction value can be
four bits.

[0104] Thus, parameters required for calculating the cor-
rection value (correction bits) are, for example, (i) the
variation of the attraction (especially the maximum value),
which depends on the material of the liquid crystal and on
the panel circuit, (ii) the amplitude of the image signal, and
(iii) the gradations used. Based on these parameters, the
number of bits B of the correction value is set so that the
following inequality is satisfied, as can be understood from
the description above:

VgppxHmax/2E<VA/KD

[0105] where Vgpp is the peak-to-peak voltage of the gate
voltage in a pixel transistor; Hmax is the maximum value of
the variation of the attraction; B is the number of bits of the
correction value; VA is the amplitude of the image signal;
and KD is the number of gradations allocated to each gamma
value.
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[0106] In this way, it is easy to reduce the amount of data
to be stored in the memory tables. Therefore, it is easy to
reduce the stress on the capacity of the memory tables.

[0107] Moreover, as in the present embodiment, the num-
ber of bits of the correction value that satisfies the foregoing
inequality (four bits) is as small as one-half of the number
of bits of the first pole voltage. Thus, the amount of data to
be stored in the memory tables can be reduced more cer-
tainly. Therefore, it is possible to reduce the stress on the
capacity of the memory tables more certainly.

[0108] Thus, the formula (difference) for calculating the
correction value is determined so that the number of bits
required for the correction value is smaller than the number
of bits required for the second pole voltage.

[0109] By thus storing in the memory table such a cor-
rection value that allows for calculating the desired negative
pole voltage when used in combination with the value of the
positive pole voltage, it is possible to realize a display device
that can make appearance of the flicker less likely, reduce the
variation of the positive pole voltage and the negative pole
voltage between gradations, obtain a correct luminance that
can attain a desired gradation with respect to each set
gradation, and reduce the stress on the memory capacity of
the memory tables.

[0110] In the foregoing example, the positive pole voltage
is stored in the memory table, and the correction value that
allows for calculating the desired negative pole voltage
when used in combination with the value of the positive pole
voltage is stored in the memory table. However, this
arrangement may be reversed by storing the negative pole
voltage in the memory table and storing, in the memory
table, a correction value that allows for calculating a desired
positive pole voltage when used in combination with the
value of the negative pole voltage.

[0111] At the time of actual display, when a gradation is
instructed, the voltage data generating section 16 refers to
the memory tables of the voltage data storing section 15 (the
positive pole voltage data table 31 and the negative pole
voltage data table 33), so as to determine the positive pole
voltage (VP(n)) and the correction value (AVM(n)) for that
gradation. Then, as described with reference to FIG. 5, the
voltage data generating section 16 calculates the negative
pole voltage by using the positive pole voltage and the
correction value, according to the following formula:

VN(n)=AVM(n)+VO(n)

[0112] According to the positive pole voltage and the
negative pole voltage thus calculated, the source driver 19
applies a voltage to a pixel electrode through a source signal
line.

[0113] The present invention makes the appearance of the
flicker less likely. Therefore, the present invention is appli-
cable to such purposes as liquid crystal display devices.

[0114] The invention being thus described, it will be
obvious that the same way may be varied in many ways.
Such variations are not to be regarded as a departure from
the spirit and scope of the invention, and all such modifi-
cations as would be obvious to one skilled in the art are
intended to be included within the scope of the following
claims.
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What is claimed is:

1. A display device for displaying an image when a
positive pole voltage or a negative pole voltage is applied as
an image voltage to a pixel electrode, an opposed voltage is
applied to an opposed electrode, and a pixel voltage is
applied to a pixel as a difference between the image voltage
and the opposed voltage, wherein:

the positive pole voltage and the negative pole voltage are
determined with respect to each gradation, an opposed
voltage at which flicker is minimized and a represent-
ing value of the opposed voltage are determined, and a
difference between the opposed voltage and the repre-
senting value of the opposed voltage is calculated,;

the difference is added to the positive pole voltage and the
negative pole voltage, the opposed voltage is set to the
representing value, a gamma value is set to a predeter-
mined value, a center voltage value and the opposed
voltage are fixed, and, while changing gradations, the
positive pole voltage and the negative pole voltage are
adjusted so that values of the positive pole voltage and
the negative pole voltage are on a gradation-luminance
curve that is associated with the gamma value;

if one of the positive pole voltage or the negative pole
voltage is a first pole voltage, and the other of the
positive pole voltage or the negative pole voltage is a
second pole voltage,

a value of the first pole voltage is stored in a voltage data
storing section; and

a correction value, which is a difference between a value
of the second pole voltage and 1’s complement of the
value of the first pole voltage, is stored in the voltage
data storing section,

the display device further comprising a voltage data
generating section for calculating a value of the second
pole voltage that is associated with the value of the first
pole voltage, by using the first pole voltage and the
correction value at a time of display processing.

2. The display device as set forth in claim 1, wherein:

the center voltage value=(the positive pole voltage+the
negative pole voltage)/2.

3. The display device as set forth in claim 1, wherein:

the voltage data storing section has a size for storing 2"
sets of A-bit data of the first pole voltage and 2" sets of
B-bit data of the correction value, where A, B, and n are
natural numbers and B<A.

4. The display device as set forth in claim 1, wherein:

the number of bits B of the correction value is determined
so that the following inequality is satisfied:

VgppxHmax/2B<VA/KD

where Vgpp is a peak-to-peak voltage of a gate voltage in
a pixel transistor; Hmax is a maximum value of varia-
tion of attraction; B is the number of bits of the
correction value; VA is an amplitude of the image
signal; and KD is the number of gradations allocated to
each gamma value.

5. The display device as set forth in claim 4, wherein:

the number of bits of the correction value is one-half of
the number of bits of the value of the first pole voltage.



US 2005/0184950 Al

6. The display device as set forth in claim 1, wherein:

when a solid image is displayed, the pixel voltage using
the first pole voltage and the second pole voltage are
equal on an n-th line and an (n+1)-th line.

7. The display device as set forth in claim 1, wherein:

the representing value of the opposed voltage is an
average value of the opposed voltage at which the
flicker is minimized on each gradation.

8. The display device as set forth in claim 1, wherein:

at the time of display processing, the voltage data gener-
ating section calculates 1’s complement of the value of
the first pole voltage, and adds the correction value to
the 1’s complement so as to calculate a value of the
second pole voltage that is associated with the value of
the first pole voltage.

9. A display device for displaying an image when a
positive pole voltage or a negative pole voltage is applied as
an image voltage to a pixel electrode, an opposed voltage is
applied to an opposed electrode, and a pixel voltage is
applied to a pixel as a difference between the image voltage
and the opposed voltage, wherein:

the positive pole voltage and the negative pole voltage are
determined with respect to each gradation, an opposed
voltage at which flicker is minimized and a represent-
ing value of the opposed voltage are determined, and a
difference between the opposed voltage and the repre-
senting value of the opposed voltage is calculated,;

the difference is added to the positive pole voltage and the
negative pole voltage, the opposed voltage is set to the
representing value, a gamma value is set to a predeter-
mined value, a center voltage value and the opposed
voltage are fixed, and, while changing gradations, the
positive pole voltage and the negative pole voltage are
adjusted so that values of the positive pole voltage and
the negative pole voltage are on a gradation-luminance
curve that is associated with the gamma value;

if one of the positive pole voltage or the negative pole
voltage is a first pole voltage, and the other of the
positive pole voltage or the negative pole voltage is a
second pole voltage,

a value of the first pole voltage is stored in a voltage data
storing section; and
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a correction value is stored in the voltage data storing
section, the correction value being a value that allows
for calculating a desired value of the second pole
voltage when used in combination with the first pole
voltage, and the number of bits required for the cor-
rection value being smaller than the number of bits
required for the value of the second pole voltage,

the display device further comprising a voltage data
generating section for calculating a value of the second
pole voltage that is associated with the value of the first
pole voltage, by using the first pole voltage and the
correction value at a time of display processing.

10. The display device as set forth in claim 9, wherein:

the center voltage value=(the positive pole voltage+the
negative pole voltage)/2.

11. The display device as set forth in claim 9, wherein:

the voltage data storing section has a size for storing 2"
sets of A-bit data of the first pole voltage and 2" sets of
B-bit data of the correction value, where A, B, and n are
natural numbers and B<A.

12. The display device as set forth in claim 9, wherein:

the number of bits B of the correction value 1s determined
so that the following inequality is satisfied:

VigppxHmax/2B<VA/KD

where Vgpp is a peak-to-peak voltage of a gate voltage in
a pixel transistor; Hmax is a maximum value of varia-
tion of attraction; B is the number of bits of the
correction value; VA is an amplitude of the image
signal; and KD is the number of gradations allocated to
each gamma value.

13. The display device as set forth in claim 12, wherein:

the number of bits of the correction value is one-half of
the number of bits of the value of the first pole voltage.
14. The display device as set forth in claim 9, wherein:

when a solid image is displayed, the pixel voltage using
the first pole voltage and the second pole voltage are
equal on an n-th line and an (n+1)-th line.

15. The display device as set forth in claim 9, wherein:

the representing value of the opposed voltage is an
average value of the opposed voltage at which the
flicker is minimized on each gradation.
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