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LIQUID CRYSTAL DRIVING DEVICE FOR
CONTROLLING A LIQUID CRYSTAL PANEL AND
LIQUID CRYSTAL DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a liquid crystal
driving device for controlling a liquid crystal panel and a
liquid crystal display apparatus for displaying display data.

[0002] In the conventional liquid crystal display device
described in JP-A-11-337909, a plurality of gray scale
characteristics are preset in a gray scale voltage generating
circuit, and the gray scale characteristic to be used is
selected in accordance with a switch operable by the user or
a select signal from a computer using the liquid crystal
display device as a display monitor. Especially, the gray
scale characteristic is automatically switched in operatively
interlocked relation with the switching of the display mode
of the computer.

[0003] Nevertheless, the liquid crystal display device dis-
closed in JP-A-11-337909 is not shown to have any function
to control the gray scale characteristic for each frame or each
image scene of an animation. Therefore, in the animation,
for example, the gray scale characteristic is required to be set
by the user for each frame or image scene, thereby posing an
excessively heavy load on the user.

SUMMARY OF THE INVENTION

[0004] An object of the present invention is to provide a
liquid crystal display apparatus for realizing a high image
quality display by eliminating gray scale irregularities.

[0005] Another object of the invention is to provide a
liquid crystal display apparatus for realizing a high image
quality display in accordance with each frame or each image
scene.

[0006] Still another object of the invention is to provide a
liquid crystal display apparatus for realizing the gray scale
characteristic of an input video signal corresponding to the
animation display of the TV broadcast or DVD and the text
display for OA applications.

[0007] Yet another object of the invention is to provide a
liquid crystal display apparatus for setting the gray scale
characteristic controlled for each frame or each image scene
free of gray scale irregularities without increasing the num-
ber of terminals.

[0008] According to one aspect of the invention, there is
provided a liquid crystal driving device comprising a gray
scale voltage generating circuit for generating a plurality of
levels of gray scale voltage from a plurality of levels of
reference voltage generated by a power circuit in accordance
with the brightness distribution of display data and a gray
scale voltage select circuit for selecting a gray scale voltage
to be output to the liquid crystal panel from a plurality of
levels of the gray scale voltages in accordance with the
display data.

[0009] According to another aspect of the invention, there
is provided a liquid crystal driving device comprising a gray
scale voltage generating circuit for generating a plurality of
levels of gray scale voltage from a plurality of levels of
reference voltage generated by a power circuit based on the
correspondence relationships between preset display data
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and the gray scale voltage and a gray scale voltage select
circuit for selecting a gray scale voltage to be output to the
liquid crystal panel from a plurality of levels of the gray
scale voltage.

[0010] According to still another aspect of the invention,
there is provided a liquid crystal display apparatus compris-
ing a liquid crystal panel, a data driver circuit for generating
a gray scale voltage from a reference voltage generated by
a power circuit in accordance with the brightness distribu-
tion of the display data and outputting the gray scale voltage
to the liquid crystal panel, a scanning driver circuit for
selecting a line to which the gray scale voltage is output, and
a controller circuit for driving the data driver circuit and the
scanning driver circuit based on a display control signal and
the display data.

[0011] According to yet another aspect of the invention,
there is provided a liquid crystal display apparatus compris-
ing a liquid crystal panel, a register circuit for holding the
correspondence relationships between the display data and
the gray scale voltage, a data driver circuit for generating a
gray scale voltage from a reference voltage generated by a
power circuit based on the correspondence relationships
between the display data and the gray scale voltage and
outputting the gray scale voltage to the liquid crystal panel,
a scanning driver circuit for selecting a line to which the
gray scale voltage is output, and a controller circuit for
driving the data driver circuit and the scanning driver circuit
based on a display control signal and the display data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a block diagram showing a liquid crystal
display apparatus according to an embodiment of the inven-
tion.

[0013] FIG. 2 is a diagram showing the dot inversion
drive.

[0014] FIG. 3 is a timing chart of the dot inversion drive.
[0015] FIG. 4 is a diagram showing the drive timing of a

liquid crystal display.

[0016] FIG. 5 is a diagram showing a configuration of a
gray scale voltage generating circuit.

[0017] FIG. 6 is a diagram showing a configuration of a
gray scale voltage generating circuit.

[0018] FIG. 7 is a diagram showing a configuration of a
gray scale voltage generating circuil.

[0019] FIG. 8 is diagram showing a configuration of a
gray scale voltage generating circuit.

[0020] FIG. 9 is a diagram showing the specifications of
a gray scale control register.

[0021] FIG. 10 is a diagram showing a bit assignment of
a data bus.

[0022] FIG. 11 is a diagram showing a configuration of a
gray scale control register.

[0023] FIG. 12 is a timing chart for setting the gray scale
control register.
[0024] FIG. 13 is a diagram showing the histogram exten-

sion control.
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[0025] FIG. 14 is a diagram showing the histogram exten-
sion control.

[0026] FIG. 15 is a diagram showing the histogram exten-
sion control.

[0027] FIG. 16 is a diagram showing the gamma curve
control.

[0028] FIG. 17 is a diagram showing the gamma curve
control.

[0029] FIG. 18 is a diagram showing the equalize control.
[0030] FIG. 19 is a diagram showing a configuration of a

liquid crystal controller.

[0031] FIG. 20 is a diagram showing a configuration of a
liquid crystal controller.

[0032] FIG. 21is a block diagram showing a liquid crystal
display apparatus according to an embodiment of the inven-
tion.

[0033] FIG. 22 is a diagram showing the dot inversion
drive.

[0034] FIG. 23 is a timing chart of the dot inversion drive.
[0035] FIG. 24 is a diagram showing the drive timing of

a liquid crystal display. FIG. 25 is a diagram showing a
configuration of a gray scale voltage generating circuit.

[0036] FIG. 26 is a diagram showing a configuration of a
gray scale voltage generating circuit.

[0037] FIG. 27 is a diagram showing a configuration of a
gray scale voltage generating circuit.

[0038] FIG. 28 is a diagram showing a configuration of a
gray scale voltage generating circuit.

[0039] FIG. 29 is a diagram showing a configuration of a
liquid crystal controller.

[0040] FIG.30is a block diagram showing a liquid crystal
display apparatus according to an embodiment of the inven-
tion.

[0041] FIG. 31 is a diagram showing the write access
timing of the data driver.

[0042] FIG. 32 is a diagram showing the read access
timing of the data driver.

[0043] FIG. 33 is a diagram showing a configuration of a
gray scale voltage generating circuit.

[0044] FIG. 34 is a diagram showing a configuration of a
gray scale voltage generating circuit.

[0045] FIG. 35 is a diagram showing a configuration of a
gray scale voltage generating circuit.

[0046] FIG. 36 is a diagram showing the specifications of
a gray scale control register.

DESCRIPTION OF THE EMBODIMENTS

[0047] A liquid crystal display apparatus according to this
invention comprises a liquid crystal panel having a plurality
of pixels arranged in matrix, a data driver circuit for out-
putting a liquid crystal gray scale voltage to the liquid crystal
panel, a liquid crystal control circuit for converting a display
control signal supplied from a system unit and display data
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representing and 2~ (N: positive integer) gray scale levels
into a liquid crystal control signal for driving the data driver
circuit and the scanning driver circuit and liquid crystal
display data, respectively, and a power circuit for supplying
a plurality of levels of reference voltage to the data driver.
The data driver circuit generates 2™ levels of voltage from a
plurality of reference voltages supplied from a gray scale
control register circuit for holding the correspondence rela-
tionships between the liquid crystal display data and the
liquid crystal gray scale voltage and the power circuit, and
selects a gray scale generating reference voltage from the
particular 2™ levels of voltage based on the correspondence
relationships between the liquid crystal display data and the
liquid crystal gray scale voltage held in the gray scale
control register circuit.

[0048] Specifically, based on the brightness distribution of
the display data input from an external source as a corre-
spondence relationships between the liquid crystal display
data and the liquid crystal gray scale voltage, a gray scale
generating reference voltage providing a reference for the
data driver to generate the gray scale voltage is determined,
and a gray scale voltage is generated based on the particular
gray scale generating reference voltage.

[0049] Also, the correspondence relationships between the
liquid crystal display data and the liquid crystal gray scale
voltage providing the brightness distribution of the display
data input from an external source varies from one frame to
another. This correspondence, therefore, is updated for each
frame, and the display data providing the base of the
brightness distribution is converted into a gray scale voltage
based on the gray scale generating reference voltage deter-
mined by the display data and the resulting gray scale
voltage is applied to the liquid crystal panel.

[0050] Further, the gray scale control register can be set
using the data bus for transferring the display data from the
liquid crystal controller, which controls the gray scale in
accordance with the image data.

[0051] A first embodiment of the invention will be
explained with reference to FIGS. 1 to 20.

[0052] FIG. 1 is a diagram showing a configuration of a
liquid crystal panel drive circuit according to the invention.
This diagram shows a configuration of a liquid crystal
display on a liquid crystal panel of 1280xRGBx1024 for
displaying 256 gray scale levels for each of RGB and
1638400 colors. Reference numeral 100 designates a display
signal group transferred from the system unit, numeral 1 a
liquid crystal controller for converting the display signal
group 100 into a sync signal for the liquid crystal driver and
display data, numeral 2 a data sync clock, numeral 3 a valid
data start signal, numeral 4 a data horizontal sync signal,
numeral 5 display data, numeral 6 a scanning driver control
signal group, and numerals 7-1 to 7-8 data drivers for 256
gray scale levels and 480 outputs. The eight data drives 7-1
to 7-8 drive the liquid crystal panel. Numeral 8 designates a
power circuit for generating a positive reference voltage 17
and a negative reference voltage 18 of the gray scale voltage
for driving the liquid crystal, numeral 9 a scanning driver for
scanning the liquid crystal, and numeral 10 a liquid crystal
panel having a resolution of 1280xRGBx1024.

[0053] Numeral 11 designates a register control circuit,
numeral 12 a register control signal group for controlling the
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register 13, and numeral 14 a register output signal for
controlling the gray scale voltage generating circuit 15. The
register 13 holds the correspondence relationships between
the liquid crystal display data and the liquid crystal gray
scale voltage. This correspondence will be explained later
with reference to FIG. 13 and other figures. Numeral 16
designates a gray scale voltage signal group of 256 gray
scale levels including positive and negative signals gener-
ated in the gray scale voltage generating circuit 15, and
numeral 19 designates an AC signal for controlling the
polarity of the alternating current. Numeral 20 designates a
shift register, numeral 22 a data latch circuit for sequentially
latching the display data 5 by the shift clock 21 generated in
the shift register 20, numeral 24 a data latch circuit for
simultaneously latching all the outputs including the output
data 23 of the data latch circuit 22 by the data horizontal
sync signal 4, numeral 26 a gray scale voltage select circuit
for selecting the gray scale voltage from the gray scale
voltage signal group 16 based on the output data 25 of the
data latch circuit 24 and the AC signal 19, numeral 28 an
output buffer circuit for outputting by buffering in a buffer
circuit the gray scale voltage 27 selected by the gray scale
voltage select circuit 26, numerals 29-1 to 29-8 gray scale
drive voltages for driving the liquid crystal panel 10 of
1280xRGBx1024, and numeral 30 a scanning voltage.

[0054] FIGS.2 and 3 are diagrams showing AC polarities
of the liquid crystal panel of dot inversion drive type, FIG.
4 a diagram showing the drive timing of the liquid crystal
display, FIG. 5 a diagram showing a configuration of the
gray scale voltage generating circuit, and FIGS. 6, 7 and 8
diagrams showing a configuration of the select circuit of the
gray scale voltage generating circuit. FIG. 9 is a diagram
showing the specification of the gray scale control register,
FIG. 10 a diagram showing a configuration of the data bus,
FIG. 11 a diagram showing a register control circuit and the
gray scale control register, FIG. 12 a diagram showing the
write timing of the gray scale control register, FIGS. 13 to
18 diagrams showing the contents of the gray scale control,
and FIGS. 19 and 20 diagrams showing a configuration of
a liquid crystal controller.

[0055] As shown in FIG. 2, according to this embodiment,
in order to perform the dot inversion drive with adjacent
pixels at opposite AC polarities, the output terminals of the
adjacent data drivers are opposite in polarity as shown in
FIG. 3.

[0056] Now, the display operation of these component
parts will be explained. In FIG. 1, the liquid crystal con-
troller 1 receives the display signal group 100 from the
system unit such as a personal computer not shown, and
converts the signals to the timing of the data drivers 7-1 to
7-8 and the scanning driver 9 for driving the liquid crystal.
The liquid crystal controller 1, in order to display 2% gray
scale levels (N: positive integer) (256 gray scale levels of
RGB), transfers the display data using the 48-bit data bus
serially with N bits (8 bits) of each of RGB in two parallel
pixels. In the data drivers 7-1 to 7-8, the display data are
sequentially retrieved, two pixels of RGB each time, with
the data retrieval clock 2. The timing of the data retrieval is
explained with reference to FIGS. 1 and 4. The display data
5 transferred in synchronism with the data retrieval clock 2
are such that a valid data start signal 3 is output by the liquid
crystal controller 1 at a timing validating the display data,
and the data driver 7-1 in the first stage begins to retrieve the
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display data. The data driver 7-1 retrieves the display data,
2 pixels of RGB each time, and completely retrieves the
display data for 480 outputs with 80 clocks. The data driver
7-1, at the end of retrieval of the display data in its own
stage, outputs the valid data start signal 31-1 to the data
driver 7-2 in the next stage, so that the data driver 7-2 starts
to retrieve the display data. The data drivers 7-2 to 7-8 repeat
a similar operation. In this way, a line of display data is
retrieved by the data latch circuit A22.

[0057] A line of the display data of the data latch circuit
A22 are all latched at the data latch circuit B24 with the data
horizontal sync signal 4. The gray voltage 16 corresponding
to the output data of each output and the AC signal 19 is
selected in the gray scale voltage select circuit 26 and
buffered in the output buffer circuit 28, so that a line of the
gray scale drive voltages 19-1 to 29-8 are output at the same
time.

[0058] The scanning driver 9, on the other hand, selects
the first gate line in synchronism with the scanning hori-
zontal sync signal CL3 at the timing of the frame sync signal
FLM generated in the liquid crystal controller 1. The second
gate line and the third gate line are sequentially selected in
synchronism with the scanning horizontal sync signal CL3.
A total of 1024 lines are sequentially selected by the 1024
clocks of the scanning horizontal sync signal CL3. Upon
validation of the next frame sync signal FLM, the first gate
line is selected. By repeating the operation of selecting 1024
lines for each frame period in this way, the sequential line
select operation is performed. The gray scale drive voltages
29-1 to 29-8 are output to the data line of the liquid crystal
panel 10 by the data drivers 7-1 to 7-8 thereby to realize the
display corresponding to the display data.

[0059] Now, the gray scale control operation will be
explained. The gray scale voltage 16 is generated in such a
manner that 2% (256) levels of positive gray scale voltage
and 2~ (256) levels of negative gray scale voltage are
generated by the gray scale voltage generating circuit 15
from 9 levels VO to V8 of the positive gray scale reference
voltage 17 and 9 levels V9 to V17 of the negative gray scale
reference-voltage 18 generated in the power circuit 8. FIGS.
5, 6,7 and 8 are diagrams showing an internal configuration
of the gray scale voltage generating circuit 15, in which
numerals 201-1, 201-2 designate positive and negative ref-
erence voltage generating circuits, respectively, and numer-
als 202-1, 202-2 select reference voltages generated from the
positive and negative reference voltages 17, 18, respectively,
each at 256 levels VS0 to VS255 of the positive and negative
reference voltages. Numerals 203-1, 203-2 designate cir-
cuits for selecting the reference voltages 202-1, 202-2,
respectively, numerals 204-1, 204-2 gray scale generating
reference voltages, and numerals 205-1, 205-2 gray scale
voltage generating circuits for generating a gray scale volt-
age 16 of 256 gray scale levels (VGO to VG255) for driving
the liquid crystal panel from the gray scale generating
reference voltages 204-1, 204-2, respectively.

[0060] Now, the operation of each circuit for generating
the gray scale voltage will be explained. The reference
voltage generating circuits 201-1, 201-2 are similar circuits
having input reference voltages 17, 18 of different polarities,
positive and negative. As shown in FIG. 6, the section
between voltages V0 and V1 is divided by 32 thereby to
generate the select reference voltages of 32 levels VSO0 to
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VS31. In similar fashion, the section between V1 and V2 is
divided by 32 thereby to generate the select reference
voltages of 32 levels VS32 to VS63. This is also the case
with the section between V2 and V8 from which the select
reference voltages of 202-1 of 256 levels VS0 to VS255 are
generated. Similarly, from the negative reference voltages
18 (V9 to V17), the select reference voltages 202-2 of 256
levels are generated in the reference voltage generating
circuit 201-2. In the select circuits 203-1, 203-2, the gray
scale voltage generating circuits 205-1, 205-2 perform the
operation of selecting a reference voltage from the select
reference voltages 202-1, 202-2 for generating the gray scale
voltage.

[0061] In FIG. 6, the gray scale voltage generating circuit
205 generates a gray scale voltage by dividing the section
between reference voltages V1B to V7B. The 32 levels VGO
to VG31 of the gray scale voltage are generated by dividing
the section between the reference voltage VO and the gray
scale generating reference voltage V1B selected in the select
circuit 203, by 32. The 32 levels VG32 to VG63 of the gray
scale voltage are generated by dividing the section between
the gray scale generating reference voltages V1B and V2B
selected in the select circuit 203, by 32. In similar fashion,
by dividing the section between V2B and V7B by 32, the
gray scale voltages VG64 to VG223 are generated. The 32
levels VG224 to VG255 of the gray scale voltage are
generated by dividing the section between the gray scale
generating reference voltage V1B selected in the select
circuit 203 and the reference voltage V8, by 32. The gray
scale voltage generating circuit 205-2 also generates the
negative gray scale voltages VGO to VG255 in similar
manner. As a result, the gray scale voltage can be controlled
by controlling the selection of the gray scale generating
reference voltages 204-1, 204-2 by the gray scale control
signal in the select circuits 203-1, 203-2.

[0062] In FIG. 6, the buffer amplifier 206 buffers the
selected voltage and connects the gray scale generating
reference voltages V1B to V7B to the gray scale voltage
generating circuit 205. For example, the gray scale gener-
ating reference voltage V1B is generated by selecting one of
the 64 levels VS0, VS1 to VS63 of the select reference
voltage. Also, the gray scale generating reference voltage
V2B is generated by selecting one of the 64 levels VS0, VS2
to VS126 of the select reference voltage. In similar manner,
the gray scale generating reference voltage V3B is generated
by selecting one of the 64 levels VS32, VS34 to VS158 of
the select reference voltage; the gray scale generating ref-
erence voltage V4B is generated by selecting one of the 64
levels VS64, VS66 to VS190 of the select reference voltage;
the gray scale generating reference voltage V5B is generated
by selecting one of the 64 levels VS98, VS100 to VS224 of
the select reference voltage; the gray scale generating ref-
erence voltage VOB is generated by selecting one of the 64
levels VS129, VS131 to VS255 of the select reference
voltage; and the gray scale generating reference voliage
V7B is generated by selecting one of the 64 levels VS192,
VS193 1o VS255 of the select reference voltage.

[0063] Numerals 207, 208 in FIG. 6 designate circuits for
selecting the reference voltages V0, V8, respectively. The
internal configuration of these circuits is shown in FIGS. 7
and 8. In FIG. 7, the gray scale voltages VGS8, VG16,
VG24, VG40, VG48, VG56 of the gray scale voltage
generating circuit 205 are connected to B1 to B6, respec-
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tively, and the reference voltage VO is connected to a
voltage-dividing point where the select switch is validated
by the sclect signal 14. Similarly in FIG. 8, the gray scale
voltages VG200, VG208, VG216, VG232, VG240, VG248
of the gray scale voltage generating circuit 205 are con-
nected to W6 to W1, respectively, and the reference voltage
V8 is connected to a voltage-dividing point where the select
switch is validated by the select signal 14. By these select
circuits 207, 208, the low gray scale area of the gray scale
voltage generating circuit 205 is fixed to the voltage level of
the reference voltage V0, and the high gray scale area
thereof to the voltage level of the reference voltage V8.

[0064] Now, the configuration and operation of the gray
scale control register will be explained. The set data from the
liquid crystal controller 1 are written in the gray scale
control register 13 using 36 bits of the 48-bit data bus. FIG.
9 shows a bit structure of the gray scale control register, and
FIG. 10 a bit structure of the data bus. As shown in FIG. 9,
the gray scale control register includes ten 6-bit registers, i.c.
registers Nos. 1to 9 for setting B1 to B6, W1 to Wé and V1B
to V7B, and a control register No. 10. As shown in FIG. 10,
36 bits including RO[5:0], RE[5:0], GO[5:0], GE[5:0],
BO[5:0], BE[5:0] out of 48 bits including RO[7:0], RE[7:0],
GO[7:0], GE[7:0], BO[7:0], BE[7:0] representing 2 pixels
of 8 bits each of RGB on the data bus are assigned to ports
0to 5. The control register is assigned to port 5, and the other
registers to port 0 to port 4 shown in FIG. 9. Whether the
write operation of each gray scale control register is valid or
invalid is determined by the bits PO to P4 of the control
register, and the gray scale control registers assigned to the
same port are selected by the bit RS. This register configu-
ration can set all the gray scale control registers in two write
operations.

[0065] Now, the write operation and the circuit configu-
ration of the gray scale control registers will be explained.
FIG. 11 is a diagram showing a circuit configuration of the
gray scale control registers and FIG. 12 a write timing chart.
The data bus, which transfers the display data, can be shared
by retrieving the data at the leading edge of the data
horizontal sync signal 4 during the horizontal flyback period
in which the transfer of the display data is not valid.

[0066] In this way, the gray scale control registers can be
set without increasing the number of the input terminals of
the data driver. Also, as shown in FIG. 11, 30 bits on the data
bus assigned to ports 0 to 410 are connected to the 9 gray
scale control registers, and the write operation of the gray
scale control registers can be realized by validation accord-
ing to the conditions of the bits PO to P4 and RS of the
control register of port 5.

[0067] As described above, by writing the set data in the
gray scale control registers and thus setting the gray scale
generating reference voltage of the gray scale voltage gen-
erating circuit, the gray scale control operation free of gray
scale irregularities can be realized as in the data conversion
control.

[0068] Now, the gray scale control realized by this inven-
tion will be explained with reference to FIGS. 13 to 18.

[0069] FIG. 13 shows the gray scale control with the
histogram extension control. The brightness distribution of
gray scale levels 0 to 255 on the display screen is checked
for each 32 gray scale levels. In the case where it is
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determined that the pixels of gray scale levels 0 to 31 are
small in number, the contrast of gray scale levels 0 to 31 is
decreased while the contrast of gray scale levels 32 to 255
is increased thereby to improve the contrast of the screen as
a whole.

[0070] Also, in FIG. 14, the brightness distribution of
gray scale levels 0 to 255 on the display screen is checked
for each 32 gray scale levels, and in the case where it is
determined that the pixels of gray scale levels 224 to 255 are
small in number, the contrast of gray scale levels 224 to 255
is decreased while the contrast of gray scale levels O to 223
is increased thereby to improve the contrast of the screen as
a whole.

[0071] In FIG. 15, on the other hand, the brightness
distribution of gray scale levels 0 to 255 on the display
screen is checked for each 32 gray scale levels, and in the
case where it is determined that the pixels of gray scale
levels 0 to 31 and gray scale levels 224 to 255 are small in
number, the contrast of gray scale levels 0 to 31 and gray
scale levels 224 to 255 is decreased while the contrast of
gray scale levels 32 to 223 is increased thereby to improve
the contrast of the screen as a whole.

[0072] In this way, the brightness distribution of the pixels
on the display screen is checked by the histogram extension
control, and in the case where the pixels in the low gray scale
area or the high gray scale area are small in number, the
contrast in the area having a small number of pixels is
reduced, while the contrast in the area having a multiplicity
of pixels is increased thereby to improve the contrast of the
whole screen. The brightness distribution may alternatively
be checked for either the pixels of one screen or the pixels
of one line.

[0073] According to this embodiment, in order to improve
the contrast of the whole screen, the gray scale level of the
display data itself is not converted, but the gray scale
generating reference voltage for generating the gray scale
voltage is converted thereby to gencrate the gray scale
voltage.

[0074] Specifically, in order to perform the histogram
extension control, the histogram for each frame is set in the
register 13 as a correspondence relationships between the
liquid crystal display data and the liquid crystal gray scale
voltage. In the gray scale voltage generating circuit 16,
reference voltages of 256 levels are generated from the
reference voltages 17, 18 supplied from the power circuit 8,
and based on the correspondence stored in the register 13, a
gray scale generating reference voltage replacing the refer-
ence voltages 17, 18 supplied from the power circuit 8 is
determined. Specifically, in the case of FIG. 13, in order to
linearly change the gray scale levels 32 to 255, the gray scale
generating reference voltages V1B to V7B are set. For
example, the gray scale voltage is required to be set to 0 for
the gray scale levels 0 to 31. Therefore, the gray scale
generating reference voltages V1B and V2B are both set to
0, and required to be determined in such a manner as to
increase the voltage uniformly in the remaining section
between V3B and V7B so that the gray scale voltage linearly
changes from 0 to 255. In similar fashion, in FIG. 14, the
gray scale generating reference voltage is determined in
such a manner that the gray scale voltage corresponding to
255 gray scale levels is obtained between gray scale levels
223 and 255 and the remaining gray scale levels linearly
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changes. Also in FIG, 15, the gray scale generating refer-
ence voltage is determined in such a manner as to obtain the
gray scale voltage shown in the gray of FIG. 15.

[0075] In the examples shown in FIGS. 13 to 15, the
brightness distribution is checked for each 32 gray scale
levels. By checking the brightness distribution for each 16 or
each 8 gray scale levels, however, a more detailed histogram
extension control becomes possible and a high image quality
can be realized.

[0076] Also, the histogram extension control according to
this embodiment can be easily realized by checking the
brightness distribution by the liquid crystal controller 1, and
based on the result of the check, setting B1 to B6 and W1 to
W6 of the gray scale control registers No. 1 and No. 2. In this
way, the voltage in the low gray scale area or the high gray
scale area can be fixed to VO (VGO) and V8 (VG255) for
each 8 gray scale levels.

[0077] Now, the gray scale control operation with the
gamma curve control will be explained with reference to
FIGS. 16 and 17. FIG. 16 shows the gray scale control
operation for controlling the gamma curve of y=1.8 to that
of y=2.2. Generally, with the increase in the gamma coeffi-
cient of the gamma curve, the contrast in the high gray scale
area increases, whereas with the decrease in the gamma
coefficient, the contrast of the low gray scale area increases.
Based on the brightness distribution shown in FIGS. 13, 14
and 15, the gray scale control register is set in such a manner
that the gamma coefficient is increased in the case where the
pixel distribution of the high gray scale area is high, whereas
the gamma coefficient is decreased in the case where the
pixel distribution of the low gray scale area is high. Also, the
high image quality display is realized by inverted gamma
transformation of the display data not subjected to gamma
transformation. FIG. 16 shows an example of gray scale
control operation for transforming the gray scale curve of
the gamma coefficient y=1.8 to that of the gamma coefficient
v=2.2. FIG. 17, on the other hand, shows a gray scale control
operation for transforming the gray scale curve of the
gamma coefficient y=2.4 to that of the gamma coefficient y32
22.

[0078] As described above, the gamma curve control
operation improves the contrast and appearance of the whole
screen by controlling the gamma curve in the case where the
optimum gamma curve is different between the animation
display such as TV broadcast or DVD and the display of a
text or a document for OA applications.

[0079] Also, according to this embodiment, the gamma
curve control operation is performed to determine whether
the video signal input to the liquid crystal controller 1 is the
animation display for TV broadcast or DVD or whether it is
the display of a text or a document for OA applications.
Based on the result of this determination, the gray scale
control registers Nos. 3 to 9 are set thereby to set the gray
scale generating reference voltages V1B to V7B. An arbi-
trary gamma curve can be set easily in this way by the gray
scale control of the gamma curve.

[0080] Now, the equalize extension control will be
explained with reference to FIG. 18.

[0081] FIG. 18 shows the gray scale control with the
equalize extension control to check the brightness distribu-
tion of gray scale levels O to 255 of the display screen for
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each 32 gray scale levels, in which by increasing the contrast
of the gray scale area with the number of distributed pixels
greater than the average number of distributed pixels, the
contrast of the whole screen is improved. For the gray scale
areas 32 to 63 where the number of pixels is greater than the
average number of pixels, the contrast is increased. For the
gray scale areas 128 to 159 where the number of pixels is
smaller than the average number of pixels, on the other hand,
the contrast is decreased. In this way, by increasing or
decreasing the contrast in accordance with the pixel distri-
bution of each gray scale area, the contrast and appearance
of the whole screen can be improved.

[0082] As described above, the equalize extension control
operation is performed in such a manner that the brightness
distribution of the pixels on the display screen is checked,
and the contrast in the area with a small number of pixels is
reduced, whereas the contrast is increased for the area
having many pixels thereby to improve the contrast of the
whole screen.

[0083] Also, in the equalize extension control according to
this embodiment, the brightness distribution is checked by
the liquid crystal controller 1, and based on the result of the
check, the gray scale control registers Nos. 3 to 9 are set,
thereby setting the gray scale generating reference voltages
V1B to B7B. In this way, the contrast control can be easily
set for each gray scale area.

[0084] Now, the configuration of the liquid crystal con-
troller for performing the gray scale control described above
will be explained with reference to FIGS. 19 and 20. In
FIG. 19, numeral 301 designates a liquid crystal drive
control circuit for generating a data sync clock 2, a valid data
start signal 3, a data horizontal sync signal 4 and an AC
signal 19 from the display signal group 100 for driving a
liquid crystal panel. Numeral 302 designates an image
analysis circuit for analyzing the video information such as
the brightness distribution (histogram), the average bright-
ness and the gamma curve of the display data of the display
signal group 100, and outputs the analysis data to the gray
scale control determining circuit 303. The gray scale control
determining circuit 303 determines the gray scale control
based on the image analysis data, and the set data generating
circuit 304 generates the set data 306 for setting the gray
scale control in the gray scale control registers of the data
drivers 7-1 to 7-8. The set data 306 and the display data 305
are switched by the select circuit 307 using the select signal
308 at the timing shown in FIG. 12, thereby making it
possible to share the data bus.

[0085] According to this embodiment, in order to improve
the contrast of the whole screen, not the gray scale level of
the display data itself but the gray scale generating reference
voltage for generating the gray scale voltage is converted,
and based on this, the gray scale voltage is generated.

[0086] Specifically, in order to perform the equalize exten-
sion control operation, the number of pixels is counted for
each plurality of brightness areas in a frame of display data
thereby to prepare a histogram, and the difference between
the average number of distributed pixels counted for each
plurality of brightness areas and the number of pixels
distributed in each brightness area counted is set in the
register 13 as a correspondence relationships between the
liquid crystal display data and the liquid crystal gray scale
voltage. In the gray scale voltage generating circuit 16, a
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reference voltage of 256 levels is generated from the refer-
ence voltages 17, 18 supplied from the power circuit 8, and
based on the correspondence stored in the register 13, a gray
scale generating reference voltage replacing the reference
voltages 17, 18 supplied from the power circuit 8 is deter-
mined. In this way, the gray scale control operation can be
performed for each animation frame or image scene by
analyzing the image with the liquid crystal controller and
changing the setting of the gray scale control register of the
data driver.

[0087] FIG. 20 shows a configuration associated with the
case in which the image is analyzed in a system unit other
than the liquid crystal controller and the gray scale control
signal is transferred to the liquid crystal controller thereby to
generate the set data of the gray scale control register in the
liquid crystal controller. In FIG. 20, numeral 401 designates
a liquid crystal drive control circuit for generating a data
sync clock 2, a valid data start signal 3, a data horizontal
sync signal 4 and an AC signal 19 for driving the liquid
crystal panel from the display signal group 100. Numeral
400 designates a system unit such as a personal computer,
which transfers to the liquid crystal controller 1 a gray scale
control signal 402 for giving an instruction on the gray scale
control based on the brightness distribution (histogram) of
the image to be displayed, the average brightness thereof,
the result of analysis of the gamma curve and the user set
information. The liquid crystal controller 1, in response to
the instruction of the gray scale control signal 402 from the
system unit 400 in the gray scale control determining circuit
403, determines the gray scale control and the set data
generating circuit 404 generates the set data 406 to be set in
the gray scale control registers of the data drivers 7-1 to 7-8.
The set data 406 and the display data 405 can share the data
bus by switching the select circuit 407 with the select signal
408 at the timing shown in FIG. 12. In this way, the gray
scale control can be performed for each animation frame or
image scene by analyzing the image in the system unit and
changing the setting of the gray scale control register of the
data driver by the liquid crystal controller.

[0088] According to this embodiment, nine each of posi-
tive and negative reference voltages are set in a way corre-
sponding to the display of 256 gray scale levels. The
invention is not limited to this, however, but a similar gray
scale control can be realized also in the case where five each
of the positive and negative reference voltages are set. Also,
according to the invention, instead of setting the gray scale
generating reference voltages V1B to V7B for each 32 gray
scale levels, they can be set for each 16 gray scale levels to
realize the gray scale control in similar fashion.

[0089] Now, a second embodiment of the invention will be
explained with reference to FIGS. 9 to 18 and FIGS. 21 to
29.

[0090] The second embodiment is different from the first
embodiment in that the display of 2™ (256 ) gray scale levels
is realized by the common inversion drive and the FRC
control using the data driver of 64 gray scale levels.

[0091] FIG. 21 is a diagram showing a configuration of a
liquid crystal panel drive circuit according to this invention,
in which the liquid crystal panel of 1280xRGBx1024 is used
for the liquid crystal display of 256 gray scale levels for each
of RGB for display of 1638400 colors by FRC control.
Numeral 100 designates a display signal group transferred
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from the system unit, numeral 101 a liquid crystal controller
for converting the display signal group 100 to a sync signal
of the liquid crystal driver and display data, numeral 102 a
data sync clock, numeral 103 a valid data start signal,
numeral 104 a data horizontal sync signal, numeral 105
display data, numeral 106 a scanning driver control signal
group, and numerals 107-1 to 107-8 data drivers with 64
gray scale levels and 480 outputs. The data drivers 107-1 to
107-8 drive a liquid crystal panel. Numeral 108 designates
a power circuit for generating a positive reference voltage
131, a negative reference voltage 132, a positive common
voltage 141 and a negative common voltage 142 of the gray
scale voltage for driving the liquid crystal. Numeral 109
designates a scanning driver for scanning the liquid crystal,
and numeral 110 a liquid crystal panel having a resolution of
1280xRGBx1024. Numeral 111 designates a register control
circuit, numeral 112 a register control signal group for
controlling the register 113, and numeral 114 a register
output signal for controlling the gray scale voltage gener-
ating circuit 115. Numeral 116 designates a gray scale
voltage signal group having 64 gray scale levels for each of
positive and negative voltages generated in the gray scale
voltage generating circuit 15, and numeral 119 an AC signal
for controlling the polarity of the alternating current.
Numeral 133 designates a switching circuit for switching the
positive reference voltage 131 and the negative reference
voltage 132 with the AC signal 119. Numeral 143 designates
a switching circuit for switching the positive common
voltage 141 and the negative common voltage 142 with the
AC signal 119. Numeral 120 designates a shift register,
numeral 122 a data latch circuit for sequentially latching the
display data 105 with the shift clock 121 generated in the
shift register 120. Numeral 124 designates a data latch
circuit for latching all the output data 123 of the data latch
circuit 122 at a time with the data horizontal sync signal 104.
Numeral 126 designates a gray scale voltage select circuit
for selecting the gray scale voltage from the gray scale
voltage signal group 116 based on the output data 125 of the
data latch circuit 124. Numeral 128 designates an output
buffer circuit for outputting by buffering in the buffer circuit
the select gray scale voltage 127 selected by the gray scale
voltage select circuit 126. Numerals 129-1 to 129-8 desig-
nate gray scale drive voltages for driving the liquid crystal
panel 110 of 1280xRGBx1024, and numeral 130 a scanning
voltage.

[0092] FIGS. 22 and 23 are diagrams showing the AC
polarities of the liquid crystal panel of common inversion
drive type, FIG. 24 a diagram showing the drive timing of
the liquid crystal display, FIG. 25 a diagram showing a
configuration of the gray scale voltage generating circuit,
FIGS. 26, 27, 28 diagrams showing a configuration of the
select circuit of the gray scale voltage generating circuit, and
FIG. 29 a diagram showing a configuration of the liquid
crystal controller.

[0093] As shown in FIG. 22, according to this embodi-
ment, the common inversion drive is effected in which the
pixels on the same line have the same AC polarity while the
pixels on adjacent lines have opposite AC polarities. There-
fore, as shown in FIG. 23, adjacent lines have opposite AC
polarities, in synchronism with which the common voltages
(Vcom) providing the voltages of the opposed electrodes of
the liquid crystal are inverted thereby to effect the AC drive.
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[0094] Now, these display operation will be explained. In
FIG. 21, the liquid crystal controller 101 receives the
display signal group 100 for displaying 256 gray scale levels
of eight bits each of RGB with 1638400 colors, from a
system unit such as the personal computer not shown, and
converts the signal at the timing of the data drivers 107-1 to
107-8 and the scanning driver 109 for driving the liquid
crystal. In the liquid crystal controller 101, the data drivers
7-1 to 7-8 generate 64 gray scale levels of voltages, so that
eight bits each of RGB are converted into the display data of
6 bits subjected to FRC control before display of 256 gray
scale levels. The FRC control is a method for applying a
different gray scale voltage for each frame thereby to display
an intermediate gray scale level. Thus, the liquid crystal
controller 101 displays 256 gray scale levels including 3
gray scale levels for each of the voltage gray scale levels 0
to 63 based on the voltage and 6 gray scale levels as FRC
gray scale levels by FRC control between the voltage gray
scale levels 62 and 63.

[0095] 1In the liquid crystal controller 101, with six bits
each of RGB as two pixels in parallel, the display data are
transferred serially using the data bus of 36 bits. In the data
drivers 107-1 to 107-8, the display data are retrieved sequen-
tially, two pixels for each of RGB at a time, with the data
retrieval clock 102.

[0096] The time of this data retrieval will be explained
with reference to FIGS. 21 and 24. The display data 105 are
transferred in synchronism with the data retrieval clock 102.
At the timing for validating the display data, the valid data
start signal 103 is output by the liquid crystal controller 101.
Thus, the data driver 107-1 in the first stage starts display
data retrieval. The data driver 107-1 retrieves two pixels
each of RGB as display data, and completes retrieval of the
display data corresponding to 480 outputs with 80 clocks.
Upon complete retrieval of display data in the same stage,
the data driver 1071 outputs the valid data start signal 134-1
to the data driver 107-2 in the next stage, so that the data
driver 107-2 starts retrieval of the display data. The remain-
ing data drivers 107-3 to 107-8 repeat a similar operation
thereby to apply a line of display data to the data latch circuit

[0097] Then, all the display data on one line of the data
latch circuit A122 are latched at the same time in the data
lath circuit B124 with the data horizontal sync signal 104.
The gray scale voltage corresponding to the display data 125
of each output is selected by the gray scale voltage select
circuit 126 and buffered in the output buffer circuit 128, so
that the gray scale drive voltages 129-1 to 129-8 are output
on one line at the same time.

[0098] On the other hand, the scanning driver 109 selects
the gate line for the first line in synchronism with the
scanning horizontal sync signal CL3 at the timing of the
frame sync signal FLM generated in the liquid crystal
controller 101, and also in synchronism with the scanning
horizontal sync signal CL3, selects the gate lines for the
second and third lines sequentially. The 1024 lines are
sequentially seclected with 1024 clocks of the scanning
horizontal sync signal CL3, and upon validation of the next
frame sync signal FLM, the gate line for the first line is
selected. In this way, the operation of selecting 1024 lines is
repeated in frame period thereby to perform sequential line
select operation. Thus the gray scale drive voltages 129-1 to



US 2002/0011979 Al

129-8 are output on the data line of the liquid crystal panel
110 by the data drivers 107-1 to 107-8 thereby to realize the
display corresponding to the display data.

[0099] Now, the gray scale control operation will be
explained. The positive reference voltage 131 and the nega-
tive reference voltage 132 generated in the power circuit 108
are switched with the AC signal 119 by the switching circuit
133, and the gray scale voltage 116 is applied as a reference
voltage 117 of nine levels VO to V8 to the gray scale voltage
generating circuit 115.

[0100] At the same time, in the switching circuit 133, as
shown in FIG. 23, the common voltage is switched by the
AC signal 119 in accordance with whether a positive gray
scale voltage or a negative scale voltage is applied, thereby
driving the common electrode of the liquid crystal panel 110.
The gray scale voltage generating circuit 115 generates the
gray scale voltage 116 of 64 levels from the reference
voltage 117 of 9 levels V0 to V8. In the case where the
reference voltage 117 is positive, the positive gray scale
voltage is generated, and vice versa.

[0101] FIGS. 25, 26, 27 and 28 are diagrams showing an
internal configuration of the gray scale voltage generating
circuit 115. Numeral 501 designates a reference voltage
generating circuit, and numeral 502 select reference voltages
of 64 levels VSO0 to VS63. Numeral 503 designates a circuit
for selecting reference voltages from select reference volt-
ages 502. Numeral 504 designates gray scale generating
reference voltages, and numeral 505 a gray scale voltage
generating circuit for generating the gray scale voltages 116
of 64 gray scale levels (VGO 1o VG63) for driving the liquid
crystal panel from the gray scale generating reference volt-
ages 504.

[0102] Now, the operation of each circuit for generating
the gray scale voltage will be explained. The reference
voltage generating circuit 501, as shown in FIG. 26, gen-
erates select reference voltages 502 of 8 levels VS0 to VS7
by dividing the section between VO and V1 by eight. The
section between V1 and V2 is also divided by eight similarly
to generate select reference voltages of 8 levels VS8 to
VS15. By dividing each section between the reference
voltages V2 and V8 in similar fashion, the select reference
voltages 502 of 64 levels VSO0 to VS63 are generated. The
select circuit 503 performs the operation of selecting, from
the select reference voltages 502, the reference voltages for
generating the gray scale voltages in the gray scale voltage
generating circuit 505.

[0103] In FIG. 26, the gray scale voltage generating
circuit 505 generates the gray scale voltages by dividing
each section between the reference voltages V1B and V7B.
The eight levels VGO to VGT7 of the gray scale voltages, for
example, are generated by dividing by eight the section
between the reference voltage VO and the gray scale gen-
erating reference voltage V1B selected in the select circuit
503. The eight levels VG8 and VGI1S of the gray scale
voltages are generated by dividing by eight the section
between the gray scale generating reference voltages V1B
and V2B selected in the select circuit 503. In a similar
manner, the gray scale voltages VG16 to VG55 are gener-
ated by dividing the section between V2B and V7B. The
eight levels VG56 to VG63 of the gray scale voltages are
generated by dividing by eight the section between the gray
scale generating reference voltage V1B selected in the select
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circuit 503 and the reference voltage V8. As a result, the gray
scale voltages can be controlled by controlling the selection
of the gray scale generating reference voltages 504 in the
select circuit 503 using the gray scale control signal 114. In
FIG. 26, the buffer amplifier 506 buffers the select voltages
and connects the gray scale generating reference voltages
V1B to V7B to the gray scale voltage generating circuit 505.
For example, the gray scale generating reference voltage
V1B is generated by selecting one of the 32 levels of the
select reference voltages VS0, VS1 to VS31. Also, the gray
scale generating reference voltage V2B is generated by
selecting one of the 32 levels of the select reference voltages
VS0, VS1 to VS31. In similar fashion, the gray scale
generating reference voltage V3B is generated by selecting
one of the 32 levels of the select reference voltages VS8,
VS9 to VS39; the gray scale generating reference voltage
V4B is generated by selecting one of the 32 levels of the
select reference voltages VS16, VS17 to VS47; the gray
scale generating reference voltage V5B is generated by
selecting one of the 32 levels of the select reference voltages
VS25, VS26 to VS56; the gray scale generating reference
voltage V6B is generated by selecting one of the 32 levels
of the select reference voltages VS32 , VS33 to VS63; and
the gray scale generating reference voltage V7B is generated
by selecting one of the 32 levels of the select reference
voltages VS32 , VS33 to VS63.

[0104] In FIG. 26, numerals 507, 508 designate select
circuits for selecting the reference voltages V0, V8, respec-
tively. The internal configuration of these circuits are shown
in FIGS. 27, 28, respectively. In FIG. 27, the gray scale
voltages VG2, VG4, VG6, VG10, VG12, VG14 of the gray
scale voltage generating circuit 505 are connected to Bl to
B6, respectively. The voltage dividing point at which the
select switch is validated by the select signal 114 is con-
nected with the reference voltage V0. Similarly in FIG. 28,
the gray scale voltages VG350, VG52, VG354, VG358, VG60),
VG62 of the gray scale voltage generating circuit 505 are
connected to W6 to W1, respectively, and the voltage
dividing point at which the select switch is validated by the
select signal 114 is connected with the reference voltage V8.
These sclect circuits 507, 508 fix the low gray scale area and
the high gray scale area of the gray scale voltage generating
circuit 505 at the voltage levels of the reference voltage VO
and the reference voltage V8, respectively.

[0105] Now, the configuration and the operation of the
gray scale control register will be explained. According to
the second embodiment, the gray scale control register has
a configuration similar to that of the first embodiment. An
explanation will be given, therefore, with reference to FIGS.
9 to 12 again. The gray scale control register 113 writes the
set data from the liquid crystal controller 101 using the data
bus of 36 bits. FIG. 9 shows the bit structure of the gray
scale control register, and FIG. 10 the bit structure of the
data bus. As shown in FIG. 9, the gray scale control register
is configured of ten 6-bit registers including Nos. 1 to 9 for
setting B1 to B6, W1 to W6, and a control register No. 10
for setting V1B to V7B.

[0106] As shown in FIG. 10, the 36 bits including
RO[5:0], RE[5:0], GO[5:0], GE[5:0], BO[5:0], BE[5:0] are
assigned to ports 0 to 5, respectively, among the 48 bits
including RO[7:0], RE[7:0], GO[7:0], GE[7:0], BO[7:0],
BE[7:0] of two pixels of 8 bits each of RGB on the data bus.
According to the second embodiment, however, the registers
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Nos. 3 to 9 for setting V1B to V7B are select circuits of 32
levels, and therefore the five bits D4 to DO are validated
while the bit D5 is invalidated. The control register is
assigned to port 5, and the other registers are assigned to
ports 0 to 4 shown in FIG. 9. The bits P0 to P4 of the control
register are used to determine whether the write operation of
each gray scale control register is valid or invalid, and the
gray scale control registers assigned to the same port are
selected by the RS bit. This register configuration permits all
the gray scale control registers to be set in two write
operations.

[0107] The write operation and the circuit configuration of
the gray scale control register according to the second
embodiment are similar to those of the first embodiment as
shown in FIGS. 1 and 12.

[0108] As described above, the gray scale control opera-
tion free of gray scale irregularities in the data conversion
control can be realized by writing the set data in the gray
scale control register and thus setting the gray scale gener-
ating reference voltage for the gray scale voltage generating
circuit.

[0109] Now, the gray scale control operation implemented
by the invention will be explained with reference to FIGS.
13 to 18. In the second embodiment, the gray scale control
operation can be performed in a similar manner to the first
embodiment.

[0110] The histogram extension control operation in
FIGS. 13, 14, 15 can be performed according to this
embodiment, like in the first embodiment, in such a manner
that the brightness distribution of pixels on the display
screen is checked, and in the case where the pixels in low
gray scale or high gray scale area are small in number, the
contrast of the area with a small number of pixels is reduced,
while the contrast of the area with a great number of pixels
is increased thereby to improve the contrast of the whole
screen.

[0111] Also, the histogram extension control operation
according to this embodiment can be easily realized in such
a manner that the brightness distribution is checked by the
liquid crystal controller 101, and based on the result of the
check, B1 to B6 and W1 to W6 of the gray scale control
registers Nos. 1 and 2 are set. In this way, the voltage in the
low gray scale area or in the high gray scale area can be fixed
to VO (VGO) or V8 (VG63) for each eight gray scale levels.

[0112] The gray scale control operation can be performed
similarly to the first embodiment also for the gamma curve
control shown in FIGS. 16, 17. According to this embodi-
ment, the liquid crystal controller 101 determines whether
the video signal input is for the animation display such as TV
broadcast or DVD or the display of a text or a document for
OA applications. Based on the result of this determination,
the gray scale control registers Nos. 3 to 9 are set thereby to
set the gray scale generating reference voltages VIB to V7B.
In this way, the gray scale control with the gamma curve is
performed, and the gamma curve can thus be easily set
arbitrarily.

[0113] The gray scale control operation can be performed
similarly to the first embodiment also for the equalize
extension control shown in FIG. 18. According to this
embodiment, the brightness distribution is checked by the
liquid crystal controller 101, and based on the result of this
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check, the gray scale control registers Nos. 3 to 9 are set, and
by thus setting the gray scale generating reference voltages
V1B to V7B, the gray scale control operation with the
equalize extension control is performed. In this way, the
setting of the contrast control can be easily realized for each
gray scale area.

[0114] Now, a configuration of the liquid crystal controller
for performing the gray scale control operation will be
explained with reference to FIG. 29. FIG. 29 shows a
configuration for performing the gray scale control operation
based on the result of analyzing the video data using the
liquid crystal controller and the gray scale control signal
indicating the gray scale control through the user setting
circuit of the liquid crystal display. In FIG. 29, numeral 601
designates a liquid crystal drive control circuit for generat-
ing a data sync clock 102, a valid data start signal 103, a data
horizontal sync signal 104 and an AC signal 119 for driving
the liquid crystal panel from the display signal group 100.
Also, in the liquid crystal drive control circuit 601, the FRC
control operation is performed for the 8-bit data of RGB
which is thus converted to the display data of 6-bit RGB.
Numeral 602 designates an image analysis circuit in which
the video information including the brightness distribution
(histogram), the average brightness and the gamma curve of
the display data of the display signal group 100 are analyzed
in the video analysis circuit and the resulting analysis data
is output to the gray scale control determination circuit 603.
Further, numeral 600 designates a user setting circuit such as
a switch arranged on the liquid crystal display and adapted
to be set by the user. The gray scale control determination
circuit 603 determines the gray scale control based on the
video analysis data from the video analysis circuit 602 and
the gray scale control signal 609 indicating the setting of the
gray scale produced from the user setting circuit 600. The set
data generating circuit 604 generates the set data 606 set in
the gray scale control registers of the data drivers 107-1 to
107-8. The set data 606 and the display data 605 can share
the data bus by being switched in the select circuit 607 in
accordance with the select signal 608 at the timing shown in
FIG. 12. In this way, the gray scale control operation can be
performed for each animation frame or scene or in accor-
dance with the preferences of the user by analyzing the
image with the liquid crystal controller and changing the
setting of the gray scale control registers of the data drivers.

[0115] According to this embodiment, nine reference volt-
ages are set in accordance with the 64 gray scale display
levels (256 gray scale display levels by FRC control). The
invention, however, is not limited to this figure, and the gray
scale control can be implemented also in the case where five
each of positive and negative reference voltages are set.
Also, the gray scale generating reference voltages V1B to
V7B can be for each 16 gray scale levels instead of each 32
gray scale levels to realize the gray scale control according
to the invention.

[0116] Now, a third embodiment of the invention will be
explained with reference to FIGS. 9 to 18 and FIGS. 30 to
36. The third embodiment is different from the first and
second embodiments in that the common inversion drive is
employed, and the gray scale display is realized by use of
data drivers of 64 gray scale levels having a display memory
built therein.

[0117] FIG. 30 is a diagram showing a configuration of a
liquid crystal panel drive circuit according to this invention,
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in which a liquid crystal display on the liquid crystal panel
of 160xRGBx240 is realized with 64 gray scale levels for
each of RGB and 262144 display colors. Numeral 701
designates a CPU of a system unit, numeral 702 a system bus
containing a control signal and data, numeral 703 a memory,
and numeral 704 a data driver for producing 480 (=160x
RGB) outputs and having built therein a display memory for
240 lines. Numeral 705 designates a power circuit for
generating a gray scale reference voltage 731 for driving the
liquid crystal and the common voltages 732, 733 of the
common electrode of the liquid crystal panel. Numeral 706
designates a scanning driver for scanning the liquid crystal
panel 707. Numeral 708 designates a control signal group
applied from the system bus 702 to the data driver 704, data
bus 709 designates a control signal group applied from the
system bus 702 to the data driver 704. Numeral 755 a
command control circuit for controlling the display memory
744 and the gray scale control register 736 in response to a
command from the CPU 701, numeral 710 a memory control
register for holding the address and the data of the display
memory, and numeral 711 a memory control circuit for
controlling the data address 712, the word address 714 and
the memory bus 713 corresponding to the memory control
register 710.

[0118] Numeral 716 designates an oscillation circuit for
generating a reference clock 717 for display timing, numeral
718 a display control circuit for controlling the display
timing, numeral 719 a scanning counter operated in accor-
dance with the data horizontal sync signal 720, and numeral
723 an arbiter circuit for arbitrating as to whether the
memory access or the display access is selected for the
display memory 744, based on the memory access signal
725 generated in the command control circuit 755 and the
display access signal 721 generated in the display control
circuit 718. Numeral 715 designates a word address select
circuit for selecting the word address 714 and the display
address 726 by the display switching signal 727, and
numeral 728 a selected word address. Numeral 729 desig-
nates an AC signal indicating the AC timing, and numeral
730 a scanning control signal applied to the scanning driver
706. Numeral 736 designates a gray scale control register for
performing the gray scale control operation, numeral 738 a
gray scale voltage generating circuit for generating a gray
scale voltage based on the gray scale control signal 737, and
numeral 739 a gray scale voltage signal group. Numeral 740
designates a data line decoder for decoding the data address
of the display memory 744, numeral 741 a data line select
signal for selecting the data line, numeral 742 an /0 selector
for performing the read/write control operation of the dis-
play memory 744, numeral 745 a word line decoder for
decoding the word address, numeral 746 a word line select
signal, numeral 747 display data lines read from the display
memory 744, numeral 748 a data latch circuit for latching a
line of display data at the same time, numeral 749 latch
display data, numeral 750 a gray scale voltage select circuit
for selecting the gray scale voltage corresponding to the
latch display data 749 from the gray scale voltage signal
group 739, numeral 752 an output buffer circuit for output-
ting by buffering in the buffer circuit the select gray scale
voltage 751 selected by the gray scale voltage select circuit
750, and numeral 753 gray scale drive voltages for driving
the liquid crystal panel 707 of 160xRGBx240.

[0119] FIGS. 31, 32 are diagrams showing the timing of
the write access and the read access of the data drivers of the
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CPU. FIG. 33 shows a configuration of the gray scale
voltage generating circuit. FIGS. 34, 35 show a configura-
tion of the select circuit of the gray scale voltage generating
circuit, and FIG. 36 is a diagram showing the contents of the
gray scale control register.

[0120] Similarly to the second embodiment, this embodi-
ment, as shown in FIG. 22, employs the common inversion
drive in which the pixels on the same line have the same AC
polarity while the pixels on adjacent lines have opposite AC
polarities. As shown in FIG. 23, therefore, the AC polarities
of adjacent lines are Opposite to each other, and in synchro-
nism with this, the common voltages (Vcom) providing the
voltages of the opposed electrodes of the liquid crystal is
inverted thereby to effect the AC drive. Then, this display
operation will be explained. In FIG. 30, the CPU 701 writes
the display data in the display memory 744 built in the data
driver 704. The CPU 701 transfers the control signal group
708 and the data 709 through the system bus 702, and as
shown in FIGS. 31, 32, transfers a command to the data
driver 704 by the chip select signal CS, the write signal WR,
the read signal RD and 16-bit data D15 to D0 to perform the
write/read control operation of the display memory and the
gray scale control operation of the gray scale control regis-
ter. In the case where the display data is written in the
display memory 744, for example, the CPU 701 transfers a
write command of the display memory address to the data
driver 704 thereby to transfer the address, followed by
transferring a write command for the display data thereby to
transfer the display data. The data driver 704 holds the
address of the display memory in the memory control
register 710 in accordance with the write command of the
display memory address. In accordance with the write
command of the display data, the memory control circuit 711
sets the address for writing in the data line decoder 740 and
the word line decoder 745, and writes the display data in the
display memory 744. This operation is performed for each
address of the display memory, and thus the data of one
screen can be written in the display memory 744. The
display data in the display memory 744 are such that the
scanning counter 719 generates the display word address
726 of the display line in accordance with the data horizontal
sync signal 720 generated in the display control circuit 718
from the display reference clock 717 generated in the
oscillation circuit 716, and the word address select circuit
715 selects the display word address 726 during the display
period, so that the word line to be displayed is selected by
the word line decoder 745. The display data 747 correspond-
ing to 480 outputs of the display memory 744 are latched at
the same time in the data latch circuit 748 by the data
horizontal sync signal 720. The gray scale voltage signal
group 739 corresponding to the display data 749 for each
output is selected by the gray scale voltage select circuit 750,
buffered in the output buffer circuit 752, and a line of the
gray scale drive voltages 753 are output at the same time.

[0121] On the other hand, the scanning driver 706 selects
the gate line for the first line in synchronism with the
scanning horizontal sync signal CI3 at the timing of the
frame sync signal FLM generated in the data driver 704, and
then selects the gate lines for the second and third lines
sequentially in synchronism with the scanning horizontal
sync signal CL3. Assume that 1024 lines are sequentially
selected with 1024 clocks of the scanning horizontal sync
signal CL3 and the next frame sync signal FLM is validated.
The gate line for the first line is selected. In this way, the
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operation of selecting 240 lines is repeated in the frame
period thereby to perform the sequential line select opera-
tion, and the gray scale drive voltage 753 is output on the
data line of the liquid crystal panel 707 by the data driver
704 thereby to realize the display corresponding to the
display data.

[0122] Now, the gray scale control operation will be
explained. The gray scale voltage signal group 739 supplies
the gray scale voltage generating circuit 738 with the
reference voltages 731 of 10 levels including the positive
reference voltages VO 1o V4 and the negative reference
voltages V5 to V9 generated in the power circuit 705. FIGS.
33, 34, 35 show an internal configuration of the gray scale
voltage generating circuit 738, in which numeral 801 des-
ignates a reference voltage select circuit, numeral 802 ref-
erence voltages, numeral 803 a reference voltage generating
circuit, and numeral 804 select reference voltages of 64
levels VS0 to VS63. Numeral 803 designates a circuit for
selecting a reference voltage from the select reference
voltages 804, numeral 806 gray scale generating reference
voltages, and numeral 807 a gray scale voltage generating
circuit for generating the gray scale voltages 739 of 64 gray
scale levels (VGO to VG63) from the gray scale generating
reference voltages 806 for driving the liquid crystal panel.

[0123] Now, the operation of generating the gray scale
voltages in each circuit will be explained. The reference
voltage select circuit 801 selects the positive voltages VO to
V4 and the negative voltages V5 to V9 in accordance with
the AC signal 729. Thus, the gray scale voltage generating
circuit 738 generates the gray scale voltages 739 of 64 levels
from 10levels VO to V9 of the reference voltages 731. In the
case where the AC signal 729 is positive, the positive gray
scale voltages are generated, and vice versa. In the process,
as shown in FIG. 23, the switching circuit 734 switches the
positive common voltage 732 and the negative common
voltage 732 by the AC signal 729 in accordance with
whether the positive gray scale voltage or negative gray
scale voltage is applied, thereby driving the common elec-
trode of the liquid crystal panel 707.

[0124] The reference voltage generating circuit 803, as
shown in FIG. 35, generates select reference voltages 804 of
16 levels VSO0 10 VS15 by dividing the section between the
voltages VOS and V1S by 16, and similarly generates select
reference voltages of 16 levels VS16 to VS31 by dividing
the section between the voltages VIS and V2§ by 16.
Similarly, by generating the select reference voltages by
dividing each section between the voltages V2S and V4S,
the select reference voltages 804 of 64 levels VS0 to VS63
are generated. The select circuit 805 performs the operation
of selecting the reference voltages from the select reference
voltages 804 for generating the gray scale voltages in the
gray scale voltage generating circuit 807. In FIG. 35, the
gray scale voltage generating circuit 807 generates gray
scale voltages by dividing each section between the refer-
ence voltages V1B and V7B. The eight levels VGO to VG7
of the gray scale voltages are generated by dividing by § the
section between the reference voltage VOS and the gray
scale generating reference voltage V1B selected by the
select circuit 805. The eight levels VG8 to VG135 of the gray
scale voltages are generated by dividing by 8 the section
between the gray scale generating reference voltages V1B
and V2B selected in the select circuit 805. In similar fashion,
the gray scale voltages VG16 to VGSS are generated by
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dividing each section between the voltages V2B and V7B.
The eight levels VG56 to VG63 of the gray scale voltages
are generated by dividing by eight the reference voltage V4S
and the gray scale generating reference voltage V7B
selected by the select circuit 805. The select circuit 805,
therefore, can control the gray scale voltages by controlling
the voltage selection of the gray scale generating reference
voltages 806 in accordance with the gray scale control signal
737. In FIG. 35, the buffer amplifier $08 buffers the select
voltage and connects the gray scale generating reference
voltages V1B to V7B with the gray scale voltage generating
circuit 807. The gray scale generating reference voltage
V1B, for example, is generated by selecting one of the 32
levels of the select reference voltages VS0, VS1 to VS31.
The gray scale generating reference voltage V2B, on the
other hand, is generated by selecting one of the 32 levels of
the select reference voltages VS0, VS1 to VS31. In similar
fashion, the gray scale generating reference voltage V3B is
generated by selecting one level of the 32 levels of the select
reference voltages VS8, VS9 to VS39; the gray scale gen-
erating reference voltage V4B is generated by selecting one
of the 32 levels of the select reference voltages VS16, VS17
to VS47; the gray scale generating reference voltage V5B is
generated by selecting one of the 32 levels of the select
reference voltages VS25, VS26 to VS56; the gray scale
generating reference voltage V6B is generated by selecting
one of the 32 levels of the select reference voltages VS32 ,
VS33 to VS63; and the gray scale generating reference
voltage V7B is generated by selecting one of the 32 levels
of the select reference voltages VS32 , VS33 to VS63.

[0125] In FIG. 35, numerals 809, 810 designate select
circuits for selecting the reference voltages VOS, V48S,
respectively. These circuits have a similar internal configu-
ration to the corresponding circuits for selecting the voltages
V0, V8 in the second embodiment shown in FIGS. 27, 28.
Like in FIG. 27, also in the gray scale voltage generating
circuit 809, the gray scale voltages VG2, VG4, VG6, VG10),
VG12, VG14 of the gray scale voltage generating circuit 807
are connected to B1 to B6, and the reference voltage VOS is
connected to a voltage dividing point where the select switch
is validated by the select signal 737. Also like in FIG. 28,
in the gray scale voltage generating circuit 810, the gray
scale voltages VG50, VG52, VG54, VGS8, VG60, VG62 of
the gray scale voltage generating circuit 807 are connected
to W6 to W1, and the reference voltage V4S is connected to
a voltage dividing point where the select switch is validated
by the select signal 737. By these select circuits 809, 810, the
low gray scale area of the gray scale voltage generating
circuit 807 is fixed to the voltage level of the reference
voltage VOS, and the high gray scale area of the gray scale
voltage generating circuit 807 is fixed to the voltage level of
the reference voltage V4S.

[0126] Now, the configuration and operation of the gray
scale control register 736 will be explained. According to the
third embodiment, as shown in FIG. 36, nine gray scale
control registers Nos. 1 to 9 are provided for setting B1 to
B6, W1 to W6 and V1B to V7B. The write operation into the
gray scale control register 736, like the write operation into
the display memory 744, is performed at the timing shown
in FIG. 31. The CPU 701 writes the gray scale control data
in the gray scale control register 736 built in the data driver
704. The CPU 701 transfers the control signal group 708 and
the data 709 through the system bus 702, and as shown in
FIG. 31, transfers a command to the data driver 704 by the



US 2002/0011979 Al

chip select signal CS, the write signal WR, the read signal
RD and the data D15 to DO of 16 bits thereby to control the
gray scale control registers. In the case where the gray scale
control data are written in the gray scale control registers
736, for example, the CPU 701 transfers the address (No.)
by transferring the write command of the gray scale control
registers to the data driver 704, followed by transferring the
gray scale control data by transferring the write command of
the gray scale control data. In the data driver 704, a gray
scale control register is designated in response to the write
command of the address of the gray scale control register,
and the gray scale control data is written in the gray scale
control control register 736 designated in response to the
write command of the gray scale control data.

[0127] As described above, the gray scale control free of
gray scale irregularities in the data conversion control can be
realized by writing the set data in the gray scale control
registers and setting the gray scale generating reference
voltages of the gray scale voltage generating circuit.

[0128] Now, the gray scale control operation realized by
this invention will be explained with reference to FIGS. 13
to 18. According to the third embodiment, the gray scale
control operation can be performed similarly to the first
embodiment.

[0129] In the histogram length control operation shown in
FIGS. 13, 14, 15 according to this embodiment, like in the
first embodiment, the brightness distribution of the pixels on
the display screen is checked, so that in the case where the
pixels in the low gray scale area or the high gray scale area
is small in number, the contrast of the area having a small
number of pixels is reduced, and vice versa, thereby improv-
ing the contrast of the whole screen. This histogram is held
in the gray scale control register as data indicating the
correspondence relationships between the liquid crystal dis-
play data and the liquid crystal gray scale voltage. The gray
scale generating reference voltage is determined in accor-
dance with the histogram generated for each frame.

[0130] According to this embodiment, the histogram
length control operation can be also easily realized in such
a manner that the brightness distribution is checked by the
CPU 701, and based on the result of the check, B1 to B6 and
W1 to W6 of the gray scale control registers Nos. 1 and 2 are
set. In this way, the voltage in the low or high gray scale area
can be fixed to VOS (VG0), V4S (VG63) for each eight gray
scale levels.

[0131] The gray scale canbe controlled also by the gamma
curve control operation shown in FIGS. 16, 17 as in the first
embodiment. According to this embodiment, the CPU 701
determines whether the input video signal is for the anima-
tion display of TV broadcast or DVD, or the display of a text
or a document for QA applications, and based on the result
of this determination, the gray scale control registers Nos. 3
to 9 are set. In addition, the gray scale generating reference
voltages V1B to V7B are set and thus the gray scale control
of the gamma curve can be effected thereby to easily realize
an arbitrary setting of the gamma curve.

[0132] With regard to the equalize length control shown in
FIG. 18, on the other hand, it is also possible to carry out the
gray scale control operation like in the first embodiment.
According to this embodiment, the brightness distribution is
checked by the CPU 701, and based on the result of this
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check, the gray scale control registers Nos. 3 to 9 are set, and
by setting the gray scale generating reference voltages V1B
to V7B, the gray scale control operation by the equalize
length control can be carried out, so that the contrast control
operation can be easily set for each gray scale arca.

[0133] As described above, according to this embodiment,
the gray scale control operation is performed by the data
driver having a display memory built therein, and the power
consumption of the liquid crystal display system can be
reduced by transferring the display data from the CPU to the
display memory only when the screen undergoes a change.

[0134] Although the present embodiment is explained on
the assumption that the scanning driver and the data driver
are configured in different chips, a similar gray scale control
can be realized also by configuring the data driver and the
scanning driver on the same chip.

[0135] Also, the invention is not limited to the five refer-
ence voltages for each of positive and negative polarities
corresponding to the display of 64 gray scale levels, but a
similar gray scale control can be implemented by setting
nine reference voltages for each of the positive and negative
polarities. Further, the gray scale generating reference volt-
ages V1B to V7B can be set for each 16 gray scale levels
instead of each 32 gray scale levels with equal effect.

[0136] According to this invention, the gray scale control
free of gray scale irregularities in the data conversion control
can be realized by setting the gray scale generating reference
voltages of the gray scale voltage generating circuit and thus
controlling the gray scale voltages.

[0137] Also, the optimum gray scale control operation can
be performed for each animation frame or video scene by
analyzing the image with a liquid crystal controller and
changing the setting of the gray scale control registers of the
data driver.

[0138] Further, an arbitrary setting of a gamma curve can
be easily realized by setting the gray scale control registers
in accordance with whether the input video signal is for the
animation display such as TV broadcast or text display for
OA applications.

[0139] Furthermore, the gray scale control registers of the
data driver are set using the data bus for transferring the
display data, and therefore the number of terminals of the
liquid crystal controller and the data driver is not increased.

1. Aliquid crystal driving device for outputting gray scale
voltages to a liquid crystal panel, comprising:

a circuit for generating a plurality of levels of gray scale
voltages from a plurality of reference voltages gener-
ated by a power circuit, in accordance with the bright-
ness distribution of the display data; and

a circuit for selecting the gray scale voltages to be
outputted to said liquid crystal panel, from said plural-
ity of levels of said gray scale voltages in accordance
with said display data.

2. A liquid crystal driving device according to claim 1,

wherein said gray scale voltage generating circuit
includes a reference voltage generating circuit for gen-
erating select reference voltages of 2™ levels from said
plurality of said levels of reference voltages, a select
circuit for selecting from said select reference voltages
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of 2N levels based on said brightness distribution, and
a voltage generating circuit for generating said plurality
of said gray scale voltages from the selected ones of
said select reference voltages.

3. A liquid crystal driving device according to claim 2,

wherein said 2N levels of the said select reference voltages
are 256 levels.
4. A liquid crystal driving device according to claim 2,

wherein said plurality of levels of gray scale voltages are
voltages of 256 levels.
5. A liquid crystal driving device according to claim 2,

wherein said reference voltage generating circuit gener-
ates said 2~ levels of select reference voliages by
dividing the section between the reference voltages
having adjacent levels, by 32.

6. A liquid crystal driving device according to claim 2,

wherein said voltage generating circuit generates said
plurality of gray scale voltages by dividing the section
between said selected ones of said select reference
voltages having adjacent levels, by 32.

7. A liquid crystal driving device according to claim 2,

wherein said select circuit selects reference voltages from
said 2" levels of said select reference voltages in such
a manner that the contrast of the gray scale having a
relatively small number of pixels in said brightness
distribution is relatively reduced.

8. A liquid crystal driving device according to claim 2,

wherein said select circuit selects reference voltages from
said 2™ levels of said select reference voltages in such
a manner that the contrast of the gray scale having a
relatively great number of pixels in said brightness
distribution is relatively increased.

9. A liquid crystal driving device according to claim 1,

wherein said gray scale voltage generating circuit gener-
ates said plurality of levels of said gray scale voltages
from said plurality of levels of reference voltages with
reference to the correspondence relationships between
said preset display data and said gray scale voltages.

10. A liquid crystal driving device according to claim 1,

wherein said gray scale voltage select circuit selects gray
scale voltages to be outputted to said liquid crystal
panel, from said plurality of levels of gray scale volt-
ages for each line of said display data.

11. A liquid crystal driving device according to claim 1,

wherein said brightness distribution is that of the display
data for selected one of one screen and one frame.

12. A liquid crystal driving device according to claim 1,

wherein said brightness distribution is that of the display
data for one line.

13. A liquid crystal driving device according to claim 1,

wherein said brightness distribution represents the num-
ber of pixels for a plurality of gray scale levels.

14. A liquid crystal driving device for outputting gray

scale voltages to a liquid crystal panel, comprising:

a circuit for generating a plurality of levels of gray scale
voltages from a plurality of levels of reference voltages
generated by a power circuit, in accordance with the

13
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correspondence relationships between preset display
data and the gray scale voltages; and

a circuit for selecting the gray scale voltages to be
outputted to said liquid crystal panel, from said plural-
ity of levels of said gray scale voltages in accordance
with said display data.

15. A liquid crystal driving device according to claim 14,
further comprising a register in which the correspondence
relationships between said display data and said gray scales
can be set.

16. A liquid crystal driving device according to claim 14,

wherein said correspondence relationships between said
display data and the gray scale voltages is the same as
the correspondence relationships between the gray
scale voltages and the display data for selected one of
one screen and one frame of said display data.
17. A liquid crystal display apparatus for displaying
display data, comprising:

a liquid crystal panel;

a data driver circuit for generating gray scale voltages
from reference voltages generated by a power circuit in
accordance with the brightness distribution of the dis-
play data and outputting said gray scale voltages to said
liquid crystal panel,

a scanning driver circuit for selecting the line to which
said gray scale voltages are outputted; and

a controller circuit for driving said data driver circuit and
said scanning driver circuit based on a display control
signal and said display data.

18. A liquid crystal display apparatus according to claim

17,

wherein said data driver circuit includes a gray scale
voltage generating circuit for generating a plurality of
levels of gray scale voltages from a plurality of levels
of reference voltages generated by a power circuit, and
a gray scale voltage select circuit for selecting the gray
scale voltages to be outputted to said liquid crystal
panel, from said plurality of levels of the gray scale
voltages in accordance with said display data.

19. A liquid crystal display apparatus according to claim

18,

wherein said gray scale voltage generating circuit
includes a reference voltage generating circuit for gen-
erating select reference voltages of 2~ levels from a
plurality of levels of said reference voltages, a select
circuit for selecting reference voltages from said select
reference voltages of 2™ levels based on said brightness
distribution, and a voltage generating circuit for gen-
erating said plurality of levels of said gray scale volt-
ages from selected ones of said select reference volt-
ages.

20. A liquid crystal display apparatus according to claim

19,

wherein said 2™ levels of said select reference voltages are
256 levels.
21. A liquid crystal display apparatus according to claim
19,

wherein said gray scale voltages of a plurality of levels are
voltages of 256 levels.
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22. Aliquid crystal display apparatus according to claim
19,

wherein said reference voltage generating circuit gener-
ates said 2™ levels of said select reference voltages by
dividing the reference voltages having adjacent levels,
by 32.
23. A liquid crystal display apparatus according to claim
19,

wherein said voltage generating circuit generates said
plurality of gray scale voltages by dividing said
selected ones of said select reference voltages having
adjacent levels, by 32.
24. Aliquid crystal display apparatus according to claim
19,

wherein said select circuit selects reference voltages from
said 2™ levels of said select reference voltages in such
a manner that the contrast of the gray scale having a
relatively small number of pixels in said brightness
distribution is relatively reduced.
25. A liquid crystal display apparatus according to claim
19,

wherein said select circuit selects reference voltages from
said 2N levels of said select reference voltages in such
a manner that the contrast of the gray scale having a
relatively great number of pixels in said brightness
distribution is relatively increased.
26. A liquid crystal display apparatus according to claim
18,

wherein said gray scale voltage generating circuit gener-
ates said plurality of levels of said gray scale voltages
from said plurality of levels of reference voltages with
reference to the correspondence relationships between
said preset display data and said gray scale voltages.
27. Aliquid crystal display apparatus according to claim
18,

wherein said gray scale voltage select circuit selects gray
scale voltages to be outputted to said liquid crystal
panel, from said plurality of levels of gray scale volt-
ages for each line of said display data.
28. A liquid crystal display apparatus according to claim
18,

wherein said brightness distribution is that of the display
data for selected one of one screen and one frame.
29. A liquid crystal display apparatus according to claim
18,

wherein said brightness distribution is that of the display
data for one line.
30. A liquid crystal display apparatus according to claim
18,

wherein said brightness distribution represents the num-
ber of pixels for a plurality of gray scale levels.
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31. A liquid crystal display apparatus for displaying
display data, comprising:

a liquid crystal panel;

a register circuit for holding the correspondence relation-
ships between said display data and gray scale voltages;

a data driver circuit for generating gray scale voltages
from reference voltages generated by a power circuit in
accordance with said correspondence relationships
between the display data and the gray scale voltages
and outputting said gray scale voltages to said liquid
crystal panel;

a scanning driver circuit for selecting a line to which said
gray scale voltages are outputted; and

a controller circuit for driving said data driver circuit and
said scanning driver circuit based on a display control
signal and said display data.

32. Aliquid crystal display apparatus according to claim

31,

wherein said controller circuit sets the correspondence
relationships between said display data and gray scale
voltages in said register circuit.
33. Aliquid crystal display apparatus according to claim
31,

wherein said register circuit is located in said data driver
circuit, and said controller circuit sets the correspon-
dence relationships between said display data and the
gray scale voltages in said register circuit through a
bus.
34. A liquid crystal display apparatus according to claim
31,

wherein said correspondence relationships between said
display data and the gray scale voltages is determined
based on the brightness distribution of the display data
for selected one of one screen and one frame.
35. Aliquid crystal display apparatus according to claim
31,

wherein said correspondence relationships between said
display data and the gray scale voltages is determined
by counting the number of distributed pixels for each
plurality of brightness areas in the display data of one
screen, based on the difference between the average
value of the number of distributed pixels for one screen
and the number of distributed pixels in each plurality of
brightness areas.

36. A liquid crystal display apparatus according to claim

31,

wherein said controller circuit updates the correspon-
dence relationships between said display data and the
gray scale voltages for each frame.
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