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GAMMA CORRECTION VOLTAGE GENERATION
DEVICE, AND GAMMA CORRECTION DEVICE
AND DISPLAY DEVICE USING THE SAME

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a gamma correc-
tion voltage generation device for generating gamma cor-
rection voltages for a liquid crystal display (hereinafter an
LCD), and a gamma correction device and a display device
using the same.

[0003] 2. Description of the Prior Art

[0004] In recent years, a liquid crystal display device
using and comprising an LCD has been widely and com-
monly used as an information display device for electronic
appliances requiring a reduction in size or a miniaturization,
because it is thinner and consumes less power. Here, as
shown in FIG. 4A, there exists a nonlinear correlation
(hereinafter the gamma characteristic) between voltage
applied to the LCD and a light transmissivity. For this
reason, it is necessary, as shown in FIG. 4B, to perform a
level conversion (hereinafter a gamma correction) in accor-
dance with a voltage level of input signals fed to the LCD.

[0005] Consequently, a conventional liquid crystal display
device is configured in such a way that input voltages V1 to
Vn are compensated for in accordance with the gamma
characteristic of the LCD and applicd thercto as output
voltages V1' to Vn'so that linear light transmissivities T1 to
Tn are obtained by the input voltages V1 to Vn each of
which is spaced in constant increments. A generating means
for generating the output voltages (hereinafter the gamma
correction voltages) V1' to V' to be used in a process of the
gamma correction for the LCD usually includes a resistance
ladder for dividing a predetermined vollage into a plurality
of voltages (refer to, for example, Japanese Patent Applica-
tion Laid-Open No. H10-108040).

[0006] Tt is certainly possible to optimize the gamma
characteristic, and thereby images are displayed satisfacto-
rily on the LCD, if the liquid crystal display device config-
ured as mentioned above is used.

[0007] However, the liquid crystal display device config-
ured as mentioned above requires repetitions of complicated
and inefficient works involving changing scores of external
resistance elements that form the resistance ladder and
checking an image shown on the LCD in order to perform
fine adjustments on the output voltages V1'to Vn'so that the
output voltages conform to the gamma characteristic of the
LCD. Accordingly, it is impossible to perform the fine
adjustments while checking on the display in real time. This
means that because an extended period of time is required to
perform the adjustments on the liquid crystal display con-
figured as described above, it is dillicult o cope with
changes in the gamma characteristic swiftly for such an
LCD designed for a high definition image or a larger screen.
Furthermore, the scores of external resistance elements as a
means for adjusting the gamma characteristic occupy a wide
area on a substrate and prevent a size of the device from
being miniaturized.

[0008] As a conventional technology, a gamma correction
device having a configuration different from the one
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described belore is disclosed or suggested. The gamma
correction device, by approximating a gamma characteristic
curve of an LCD with a plurality of straight lines, discrimi-
nates from the strait lines a line corresponding to a level of
input signals fed to the LCD and performs an input/output
level conversion accordingly (refer to, for example, Japa-
necsc Patent Application Laid-Open No. H11-32237). The
gamma correction device configured in this way, however,
requires a discriminator circuit for finding a corresponding
line and various arithmetic circuits, and this causes the
device to become complicated and large in size.

[0009] Disclosed or suggested as another example of the
conventional technology is a gamma correction device that
performs an input/output level conversion based on a con-
version table memorizing an output level corresponding to
an input level (refer to, for example, U.S. Pat. No. 5,796,
384). The gamma correction device configured in this way,
however, requires creating the conversion table for each
characteristic of an LCD, and this causes a memory for
storing the conversion table to occupy an extensive area on
a substrate.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is, in light of the
above-mentioned shortcomings, to provide a gamma cor-
rection voltage generation device, and a gamma correction
device and a display device using the same, all of which
enable an easy and efficient process for adjusting the gamma
correction voltages.

[0011] To achieve the above object, according to one
aspect of the present invention, a gamma correction voltage
generation device relating to the invention has a plurality of
sets, each comprising a data holding section for holding
digital data inputted thereto, a digital-to-analog converter for
converting the digital data held in the data holding section to
an analog voltage, and a buffer for amplifying a capacity of
current of the analog voltage and outputting the analog
voltage, wherein the analog voltages are outputted from the
buffers as gamma correction voltages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] This and other objects and features of the present
invention will become clear from the following description,
taken in conjunction with the preferred embodiments with
reference to the accompanying drawings in which:

[0013] FIG. 1 is a block diagram showing the liquid
crystal display device of the first embodiment of the inven-
tion;

[0014] FIG. 2 is a block diagram showing the liquid
crystal display device of the second embodiment of the
invention;

[0015] FIG. 3 is a block diagram showing the liquid
crystal display device of the third embodiment of the inven-
tion; and

[0016] FIG. 4A and FIG. 4B are diagrams for explaining
the gamma correction.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0017] Tirst, a liquid crystal display device of a first
embodiment of the invention will be described in details
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with reference 10 FIG. 1. FIG. 1 is a block diagram showing
the liquid crystal display device of the first embodiment of
the invention. As shown in FIG. 1, the liquid crystal display
device of the first embodiment comprises a serial interface
1 (hereinafter the serial I/F) for distributing n sets of digital
data that are inputted serially thereto among registers 21 to
2n, the registers 21 to 2n for holding the inputted digital
data, digital-to-analog converters 31 to 3n (hereinafter the
DACs 31 to 3n) for converting the digital data held by the
registers 21 to 2# to analog voltages V1' to V', buffers 41
1o 4n for amplifying a capacity of current of the analog
voltages V1 to V1' and outputting the analog voltages, a
source driver 5 for converting an input signal Vi to an output
signal Vo and outputting, and a liquid crystal display 6
(hereinafter the LCD 6) having, as a pixel, a liquid crystal
element that changes the light transmissivity thereof in
accordance with voltage being applied.

[0018] In the liquid crystal display device that is config-
ured as described, the source driver 5 comprises a resistance
ladder 51 for equally dividing the analog voltages (the
gamma correction voltages) V1' to Vo' that are [ed out [rom
the buffers 41 to 4n and generating intermediate voltages
between two adjoining voltages among the analog voltages
V1'to Vn', and a decoder 52 for selecting and outputting the
output voltage Vo (the gamma correction voltage V1'to Vo'
or the intermediate voltages therebetween) according to the
input voltage Vi (the voltages V1 to Vn).

[0019] According to the liquid crystal display device as
described above, it is possible to rewrite the digital data held
by the registers 21 to 2 (i.e., the digital data inputted to the
serial I/F 1) and, at the same time, check an image on the
LCD 6 in real time. When the adjustments are completed,
the digital data stored in the registers 21 to 2z are memorized
in an unillustrated non-volatile memory device and, there-
after, the display is operated using the above-mentioned
digital data. Consequently, this makes it possible to conduct
adjustments on the gamma correction voltages V1' to Vo'
easily and efficiently, and thereby cope swiftly with changes
in the gamma characteristic of the LCD 6 even if it is
designed for a high definition image or a larger screen. It is
also possible to realize a reduction in size of the device,
because such scores of external resistance elements as a
means for adjusting the gamma characteristic will be no
longer necessary when compared with the conventional
configuration.

[0020] Additionally, in such a configuration as the liquid
crystal display device of the embodiment in which the
digital data to be stored in the registers 21 to 2n are entered
serially, it is possible, by reducing external wires, to prevent
a size of the device from being unnecessarily increased.

[0021] Next, a liquid crystal display device of a second
embodiment of the invention will be described in details
with reference to FIG. 2. FIG. 2 is a block diagram showing
the liquid crystal display device of the second embodiment
of the invention. As shown in FIG. 2, the liquid crystal
display device of the second embodiment is configured in
such a manner almost similar to the first embodiment (refer
to FIG. 1). Therefore, such portions as are found also in the
first embodiment are identified with the same reference
numerals as found in FIG. 1, descriptions thereof are not
repeated, and descriptions hereunder are centered on fea-
tures specific to the second embodiment.
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[0022] As shown in the illustration, a liquid crystal display
device has, in a stage before the DACs 31 to 31n, sets of the
registers 21a and 21b to the registers 2na and 2nb for
holding n setsxm patterns of digital data (where n=2 and
m=2, and an example in which m=2 is shown in the
embodiment) that are inputted, selectors 71 to 7n for select-
ing onc from among the scts of digital data cach of which is
held by each set of the registers 21a and 21b to the registers
2na and 2nb, and a switching controller 8 for controlling a
switching operation of each of the selectors 71 to 7x.

[0023] In this way, m patterns of digital data (in this
embodiment, two patterns including pattern a and pattern b)
to be inputted to the DACs 31 to 3» are held by the registers
21a to 2na and the registers 21b to 21nb respectively, and
one of the patterns a and b is selected as required to generate
the analog voltages V1' to Vn' or V1" to Vn" so that the
gamma correction according to user’s requirement can be
achieved.

[0024] The switching controller 8 is configured such that
the selectors 71 to 7n are controlled in accordance with
scanlines of the LCD 6 for which the gamma is corrected.
For example, the pattern a is selected for odd-numbered
scanlines and the pattern b is selected for even-numbered
scanlines. According to this configuration, it is possible to
enhance the image quality displayed on the LCD 6.

[0025] Next, a liquid crystal display device of a third
embodiment of the invention will be described in details
with reference to FIG. 3. FIG. 3 is a block diagram showing
the liquid crystal display device of the third embodiment of
the invention. As shown in FIG. 3, the liquid crystal display
device of the third embodiment is configured in such a
manner almost similar to the second embodiment (refer to
FIG. 2). Therefore, such portions as are found also in the
second embodiment are identified with the same reference
numerals as found in FIG. 2, descriptions thereof are not
repeated, and descriptions hereunder are centered on fea-
tures specific to the third embodiment.

[0026] As shown in the illustration, a liquid crystal display
device having, in a stage after sets of the registers 21a and
21b to the registers 2na and 2nb that hold n setsxm patterns
of digital data (where n22 and mZ2, and an example in
which m=2 is shown in the embodiment) that are inputted,
sets of the DACs 31a and 31b to the DACs 3na and 3nb, is
configured such that, by way of selectors 71' to 7n' arranged
thereafter, one pattern of the analog voltages V1'to Vn' or
the analog voltages V1" to Vn" is selected and outputted to
the buffers 41 to 4n.

[0027] In this way, a plurality of patterns of analog volt-
ages, two patterns in this embodiment including the pattern
a for V1' to Vn' and the pattern b for V1" to Vn" to be
inputted to the buffers 41 to 4n, are generated. Therefore, by
configuring the device in such a way that one pattern is
selected for use as required, it is possible to use one set of
analog voltages for a different purpose while the other set of
analog voltages is inputted to the buffers 41 to 4x.

[0028] Morecover, in cach embodiment described before, it
is possible to easily memorize the corrected values without
a memory device being separately arranged, if the registers
are provided as non-volatile memories. Furthermore, in
these embodiments, any types of DAC can be used.

[0029] As previously mentioned, a gamma correction volt-
age generation device relating to the invention has n sets
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(where n22), each comprising, a data holding section for
holding digital data inputted thereto, a digital-to-analog
converter for converting the digital data held in the data
holding section to an analog voltage, and a buffer for
amplifying a capacity of current of the analog voltage and
outputting the analog voltage, wherein the analog voltages
arc outputted from the buffers as gamma correction voltages.
This configuration makes it possible to check an image on
the liquid crystal display in real time while rewriting the
digital data held by each data holding portion. As a result of
this, it becomes possible to swiftly cope with changes in the
gamma characteristic of the liquid crystal display designed
for a high definition image or a larger screen, because the
adjustment process [or the gamma correction voltages is
made easier and performed efficiently. At the same time, it
is also possible to achieve a reduction in device size, because
the scores of external resistance elements as a means for
adjusting the gamma characteristic become no longer nec-
essary.

[0030] Furthermore, a gamma correction voltage genera-
tion device relating to the invention has n sets (where n22),
each comprising, m data holding sections (where mZ2),
each for holding each of m patterns of digital data inputted
thereto, a selector for selecting and outputting digital data
from among the digital data held by the data holding
sections, a digital-to-analog converter for converting the set
of digital data selected by the selector to an analog voltage,
and a buffer for amplifying a capacity of current of the
analog voltage and outputting the analog voltage, wherein
the analog voltages are outputted from the buffers as gamma
correction voltages. By this configuration, it is possible, in
addition to previously mentioned advantages, to perform the
gamma correction tailored to users’ specific needs.

[0031] Turthermore, a gamma correction voltage genera-
tion device relating to the invention has n sets (where n=2),
each comprising, m data holding sections (where m=2),
each for holding each of m patterns of digital data inputted
thereto, m digital-to-analog converters, each for converting
the digital data held by each of the data holding sections to
an analog voltage, a selector for selecting and outputting an
analog voltage from among the analog voltages generated by
the digital-to-analog converters, and a buffer for amplifying
a capacity of current of the analog voltage selected by the
selector and outputting the analog voltage, wherein the
analog voltages are outputted from the buffers as gamma
correction voltages. By this configuration, it is possible, in
addition to previously mentioned advantages, to use one
pattern of the analog voltages for different purpose while the
other patter of the analog voltages is inputted to the buffers.

[0032] Moreover, it is desirable that the gamma correction
voltage generation device configured as above be configured
so as to have a switching controller for controlling a switch-
ing operation of each of the selectors in accordance with
scanlines of a liquid crystal display for which a gamma
correction is performed. In such a configuration, it is pos-
sible to enhance the image quality on the liquid crystal
display.

[0033] Moreover, it is desirable that the gamma correction
voltage generation device configured as above be configured
so as to have a serial interface for distributing the digital data
comprising n sets or n setsxm patterns inputted thercto
serially among all of the data holding sections. In such a
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configuralion, it is possible (o reduce the number of external
wires and prevent the device from being unnecessarily
increased in size.

[0034] Furthermore, it is desirable that a gamma correc-
tion device relating to the invention comprise a gamma
correction voltage generation device for generating a plu-
rality of gamma correction voltages, a resistance ladder for
generating intermediate voltages between two adjoining
voltages among the gamma correction voltages, and a
decoder for selecting and outputting a voltage from among
the gamma correction voltages and the intermediate voltages
in accordance with a voltage level of an input signal. By this
configuration, it is possible to realize such a gamma correc-
tion device by which the adjustment process on the gamma
correction voltages is made easier and performed efficiently.

[0035] Furthermore, it is desirable that a display device
relating to the invention comprise, as a means for correcting
the gamma on a liquid crystal display, the gamma correction
device configured in a way as described above. By this
configuration, it is possible to realize such a display device
that allows a process of adjustments of the gamma correc-
tion voltages to be made easier and efficiently.

What is claimed is:

1. A gamma correction voltage generation device having
n sets (where n=2), each comprising:

a data holding section for holding digital data inputted
thereto;

a digital-to-analog converter for converting the digital
data held in the data holding section to an analog
voltage; and

a buffer for amplifying a capacity of current of the analog
voltage and outputting the analog voltage,

wherein the analog voltages are outputted from the buffers
as gamma correction voltages.
2. A gamma correction voltage generation device as
claimed in claim 1, further comprising,

a serial interface section for distributing among the data
holding sections n sets of the digital data inputted
thereto serially.

3. A gamma correction voltage generation device having

n sets (where n22), each comprising:

m data holding sections (where m=2), each for holding
each of m patterns of digital data inputted thereto;

a selector for selecting and outputting digital data from
among the digital data held by the data holding sec-
tions;

a digital-to-analog converter for converting the sct of
digital data selected by the selector to an analog volt-
age; and

a buffer for amplifying a capacity of current of the analog
voltage and outputting the analog voltage,

wherein the analog voltages are outputted from the buffers
as gamma correction voltages.
4. A gamma correction voltage generation device as
claimed in claim 3, further comprising,
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a swilching controller [or controlling a swilching opera-
tion of each of the selectors in accordance with scan-
lines of a liquid crystal display for which a gamma
correction is performed.

5. A gamma correction voltage generation device as

claimed in claim 3, further comprising,

a serial interface for distributing the digital data compris-
ing n setsxm patterns inputted thereto serially among
all of the data holding sections.

6. A gamma correction voltage generation device having

n sets (where n22), each comprising:

m data holding sections (where m=2), each for holding
each of m patlerns of digital data inputted thereto;

m digital-to-analog converters, each for converting the
digital data held by each of the data holding sections to
an analog voltage;

a selector for selecting and outputting an analog voltage
from among the analog voltages generated by the
digital-to-analog converters; and

a buffer for amplifying a capacity of current of the analog
voltage selected by the selector and outputting the
analog voltage,

wherein the analog voltages are outputted from the buffers
as gamma correction voltages.
7. A gamma correction voltage generation device as
claimed in claim 6, further comprising,

a switching controller for controlling a switching opera-
tion of each of the selectors in accordance with scan-
lines of a liquid crystal display for which a gamma
correction is performed.

8. A gamma correction voltage generation device as

claimed in claim 3, further comprising,

a serial interface for distributing the digital data compris-
ing n setsxm patterns inputted thereto serially among
all of the data holding sections.

9. A gamma correction device comprising:

a gamma correction voltage generation device for gener-
ating a plurality of gamma correction voltages;

a resistance ladder for generating intermediate voltages
between two adjoining voltages among the gamma
correction voltages; and
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a decoder [or selecting and outpulling a vollage [rom
among the gamma correction voltages and the inter-
mediate voltages in accordance with a voltage level of
an input signal,

wherein the gamma correction voltage generation device
has a plurality of sets, each comprising:

a data holding section for holding digital data inputted
thereto;

a digital-to-analog converter for converting the digital
data held in the data holding section to an analog
voltage; and

a buffer for amplifying a capacity of current of the
analog voltage and outputting the analog voltage,

wherein the analog voltages are outputted from the buffers
as gamma correction voltages.

10. A display deviee comprising:

a liquid crystal display comprising, as a pixel, a liquid
crystal element that changes a light transmissivity
thereof in accordance with a level of voltage being
applied;

a gamma correction voltage generation device for gener-
ating a plurality of gamma correction voltages;

a resistance ladder for generating intermediate voltages
between two adjoining voltages among the gamma
correction voltages; and

a decoder for selecting a voltage from among the gamma
correction voltages and the intermediate voltages in
accordance with a voltage level of an input signal and
outputting to the liquid crystal display,

wherein the gamma correction voltage generation device
has a plurality of sets, each comprising:

a data holding section for holding digital data inputted
thereto;

a digital-to-analog converter for converting the digital
data held in the data holding section to an analog
voltage; and

a buffer for amplifying a capacity of current of the
analog voltage and outputting the analog voltage,

wherein the analog voltages are outputted from the buffers
as gamma correction voltages.
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