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LIQUID CRYSTAL DRIVING CIRCUIT AND
LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display device in which the display gray-scale of a liquid
crystal panel can be adjusted, and a liquid crystal driving
circuit therefor.

[0003]

[0004] A conventional liquid crystal driving circuit inputs
display data, generates gray-scale voltages, selects the gray-
scale voltage corresponding to the given display data and
then outputs the gray-scale voltage thus selected to a liquid
crystal panel.

[0005] For example, in a liquid crystal driving circuit for
outputting 64-gray-scale voltages, 8-gray-scale voltages are
generated by resistance-dividing each section between two
respectively adjacent reference voltages of 9 levels supplied
from an external device, and finally 64-gray-scale voltages
in total are generated. The gray-scale voltage corresponding
to each display data is selected from the 64-gray-scale
voltages thus generated, and output to the liquid crystal
panel.

[0006] For example, 1994 SID INTERNATIONAL SYM-
POSIUM DIGEST of TECHNICAL PAPERS 23:2 (pp.
351-354) discloses a liquid crystal driving circuit for gen-
erating and outputting gray-scale voltages on the basis of
reference voltages supplied externally.

[0007] In this liquid crystal driving circuit, a reference
voltage is adjusted to generate and output a gray-scale
voltage to a liquid crystal panel having a non-linear bright-
ness vs. applied voltage characteristic as generally shown in
FIG. 4 so that the output voltage to the display data is
matched with the characteristic of the liquid crystal panel.

[0008] However, in the conventional technique, the resis-
tance values of voltage-dividing resistors are fixed, and eight
gray-scale voltages generated on the basis of two reference
voltage values have a linear relationship. When the gray-
scale voltage is near to 1V or 4V, the eight brightness values
thus obtained have a non-linear relationship to the gray-scale
code as shown in FIG. 4 of the prior art as in the case of
transmittance.

[0009] Accordingly, it is insufficient to merely adjust the
reference voltage in order to adjust the display brightness
balance (gray-scale display characteristic) of each gray-
scale. Therefore, it has hitherto been difficult to perform
y-correction to correct distortion of the gray-scale display
characteristic due to an inherent characteristic of a device,
and implement a gray-scale display characteristic and a
color tone which are matched with a user’s taste or suitable
for displaying a target image.

[0010] An object of the present invention is to provide a
liquid crystal driving circuit and a liquid crystal display
device which can adjust the display brightness and the
variation characteristic of color to display data values input.

SUMMARY OF THE INVENTION

[0011] Embodiments of the present invention disclosed in
this application will be described briefly as follows.

2. Description of the Related Art
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[0012] That is, according to a first aspect of the present
invention, there is provided a liquid crystal driving circuit
for driving a data line of a liquid crystal panel including the
data line and a scan line to apply a voltage to liquid crystal,
which is characterized by comprising: a latch address con-
trol circuit for successively generating a latch signal to pick
up display data; a first holding circuit for picking up and
holding the display data of an amount corresponding to an
output data line in accordance with the latch signal; a second
holding circuit for further picking up and holding the display
data, held in the first holding circuit, of the amount corre-
sponding to the output data line in accordance with a
horizontal synchronous signal at the same time; a set register
for operating setting of a gray-scale voltage value of gray-
scale voltage; a gray-scale voltage generating circuit for
receiving a plurality of different reference voltages and
generating gray-scale voltages whose number is larger than
that of the reference voltages in response to an instruction of
the set register; a gray-scale voltage selection circuit for
selecting the gray-scale voltage in accordance with the
display data held in the second holding circuit; and an
amplifying circuit for amplifying and outputting the gray-
scale voltage selected by the selection circuit.

[0013] Tt is preferable that the gray-scale voltage gener-
ating circuit has a plurality of variable resistors whose
resistance values can be set by the set register, and difference
voltages among a plurality of liquid-crystal power sources
are resistance-divided by the variable resistors to generate
the gray-scale voltages.

[0014] Tt is preferable that each of the variable resistors
includes plural resistors and switches for excluding the
corresponding resistance component of the plural resistors in
the variable resistor.

[0015] Tt is preferable that the amplifying circuit has an
operational amplifier, wherein the operational amplifier
includes one or plural variable resistors whose resistance
values can be set by the set register, thereby determining an
amplification factor.

[0016] Further, according to a second aspect of the present
invention, there is provided a liquid crystal driving circuit
for driving a data line of a liquid crystal panel including the
data line and a scan line to apply a voltage to liquid crystal,
which is characterized by comprising: a latch address con-
trol circuit for successively generating a latch signal to pick
up display data; a first holding circuit for picking up and
holding the display data of an amount corresponding to an
output data line in accordance with the latch signal; a second
holding circuit for further picking up and holding the display
data, held in the first holding circuit, of the amount corre-
sponding to the output data line in accordance with a
horizontal synchronous signal at the same time; a set register
for operating setting of a gray-scale voltage value of gray-
scale voltage; a gray-scale voltage generating circuit for
receiving a plurality of different reference voltages and
generating gray-scale voltages whose number is larger than
that of the reference voltages in response to an instruction of
the set register; a gray-scale voltage selection circuit for
selecting the gray-scale voltage in accordance with the
display data held in the second holding circuit; and an
amplifying circuit for shifting the gray-scale voltage
selected in the selection circuit by an offset voltage, ampli-
fying the gray-scale voltage thus shifted with an amplifica-
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tion factor indicated by the set register, and then outputting
the gray-scale voltage thus amplified.

[0017] Tt is preferable that the set register for setting the
amplification factor of each operational amplifier of the
amplifying circuit is provided for each of three colors
R(red), G(green) and B(blue), and each set register can set
and change the amplification factor for every color.

[0018] Tt is preferable that the offset voltage of the ampli-
fying circuit is generated by resistance-dividing an offset
reference voltage and a common voltage with a plurality of
variable resistors so that the voltage value of the offset
voltage is variable.

[0019] Tt is preferable that the set register is supplied with
set register setting data to set the set data with a set data set
clock, or is supplied with set value data to generate set data
on the basis of a clock signal generated by multiplying a
latch signal from a latch address control circuit and a set
enable signal.

[0020] Still further, according to a third aspect of the
present invention, there is provided a liquid crystal display
device which is characterized by comprising: the above
liquid crystal driving circuit; a liquid crystal panel which
includes a data line and a scan line to apply a voltage to
liquid crystal; a scan driver for driving the scan line of the
liquid crystal panel; a control circuit for setting the gray-
scale voltage output from the liquid crystal driving circuit to
control the liquid crystal driving circuit and the scan driver;
and a reference voltage generating circuit for generating
reference voltages for the liquid crystal driving circuit,
wherein input display data are converted to a variable
gray-scale voltage and displayed on the liquid crystal panel.

[0021] Still further, according to a fourth aspect of the
present invention, a liquid crystal driving circuit for driving
a data line of a liquid crystal panel having the data line and
a scan line, is characterized by comprising: a holding circuit
for holding display data of an amount corresponding to an
output data line; a set register for setting the voltage value
of a gray-scale voltage; a gray-scale voltage generating
circuit for receiving plural different reference voltages and
generating on the basis of an instruction of the set register
gray-scale voltages whose number is larger than that of the
reference voltages; and a gray-scale voltage selection circuit
for selecting a gray-scale voltage in accordance with the
display data held in the holding circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG.1is ablock diagram showing the construction
of a first embodiment of a liquid crystal driving circuit
according to the present invention;

[0023] FIG. 2 is a block diagram showing the internal
construction of a gray-scale voltage generating circuit of the
liquid crystal driving circuit shown in FIG. 1;

[0024] FIG. 3 is a diagram showing the construction of a
variable resistor of the gray-scale voltage generating circuit
of the liquid crystal driving circuit shown in FIG. 2;

[0025] FIG. 4 is a diagram showing the relationship
between the applied voltage of a liquid crystal panel and the
brightness thereof;

[0026] FIG. S5 is adiagram showing the gray-scale voltage
generated by the gray-scale voltage generating circuit of the
liquid crystal driving circuit shown in FIG. 1;
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[0027] FIGS. 6A to 6C are diagrams showing variation of
the relationship between input display data and brightness
when the set data of the liquid crystal driving circuit shown
in FIG. 1 is changed,

[0028] FIG. 7 is a diagram showing the construction of a
set register of the liquid crystal driving circuit shown in
FIG. 1;

[0029] FIG. 8 is a diagram showing the construction of
one output of an amplifying circuit of the liquid crystal
driving circuit shown in FIG. 1;

[0030] FIG. 9 is a diagram showing a gray-scale vs.
voltage characteristic of offset adjustment of the liquid
crystal driving circuit shown in FIG. 1,

[0031] FIG. 10 is a diagram showing a gray-scale vs.
voltage characteristic of amplification factor adjustment of
the liquid crystal driving circuit shown in FIG. 1,

[0032] FIG. 11 is a diagram showing the construction of
an amplifying circuit of a second embodiment of the liquid
crystal driving circuit according to the present invention,

[0033] FIG. 12 is a diagram showing the construction of
an amplifying circuit according to a third embodiment of the
liquid crystal driving circuit of the present invention;

[0034] FIG. 13 is a diagram showing the construction of
a set register of a fourth embodiment of the liquid crystal
driving circuit according to the present invention; and

[0035] FIG. 14 is a block diagram showing the construc-
tion of a liquid crystal display device using the liquid crystal
driving circuit according to the fourth embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0036] Preferred embodiments according to the present
invention will be described with reference to the accompa-
nying drawings.

First Embodiment

[0037] A liquid crystal driving circuit according to a first
embodiment of the present invention will be described with
reference to FIGS. 1 to 8.

[0038] FIG. 1 is a block diagram showing a liquid crystal
driver according to the first embodiment of the present
invention.

[0039] 1InFIG.1,aliquid crystal driving circuit 1 includes
a latch address control circuit 10, a latch circuit (1) 20, a
latch circuit (2) 30, a decode circuit 40, an amplifying circuit
50, a gray-scale voltage generating circuit 60 and a set
register 70.

[0040] The latch address control circuit 10 is supplied with
an enable signal 81, a display data clock 82 and a line clock
83, and outputs latch signals 91. The latch circuit (1) 20 is
supplied with the latch signals 91 and input display data 84,
and outputs latch circuit (1) data 92.

[0041] The latch circuit (2) 30 is supplied with a line clock
83 and the latch circuit (1) data 92, and outputs latch circuit
(2) data 93.
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[0042] The set register 70 is supplied with set register
setting data 86 and set register setting clock 87, and outputs
set data 88.

[0043] The gray-scale voltage generating circuit 60 is
supplied with reference voltages 85 and the set data 88, and
outputs a gray-scale voltages 89. The decode circuit 40 is
supplied with the latch circuit (2) data 93 and the gray-scale
voltage 89, and outputs selection voltages 94. The amplify-
ing circuit 30 is supplied with offset voltages 90, the
selection voltages 94 and the set data 88, and outputs liquid
crystal applying voltages 95.

[0044] Next, the operation of the liquid crystal driving
circuit 1 according to the present invention will be described
with reference to the block diagram of FIG. 1.

[0045]

[0046] The latch address control circuit 10 generates the
latch signals 91 from the display data clock 82 when the
enable signal 81 input becomes active, and outputs the latch
signals 91 to the latch circuit (1) 20.

[0047] The latch signals 91 are used to pick up the input
display data into the latch circuit (1) 20.

[0048] The latch circuit (1) 20 picks up the input display
data 84 into the internal latches corresponding to each output
of the liquid crystal applying voltages 95 in accordance with
the latch signal 91.

[0049] The latch address control circuit 10 outputs the
enable signal 81 when the pickup of the input display data
84 of one line by the latch circuit (1) 20 is completed, and
returns to its initial state in accordance with the line clock
83. Through this operation, it is possible to perform the data
pickup operation of picking up the input display data 84 into
the latch circuit (1).

[0050]

[0051] The latch circuit (2) 30 picks up the latch circuit (1)
data 92 at the timing of the line clock 83 which is active after
all the input display data 84 of one line period are picked up
into the latch circuit (1) 20.

First, a data pickup operation will be described.

Next, the data output operation will be described.

[0052] The output of the latch circuit (2) 30 are output to
the decode circuit 40.

[0053] The set register 70 outputs the set data 88 to the
amplifying circuit 50 and the gray-scale voltage generating
circuit 60, the set data 88 being obtained by setting the set
register setting data 86 with the set register setting clock 87.

[0054] The gray-scale voltage generating circuit 60 gen-
erates the gray-scale voltage 89 on the basis of the reference
voltage 85 in accordance with the set data 88, and outputs
the gray-scale voltage 89 to the decode circuit 40.

[0055] The decode circuit 40 selects the gray-scale voltage
89 in accordance with the data of each pixel of the latch
circuit (2) data 93, and outputs the selection voltage 94 of
each pixel.

[0056] The amplifying circuit 50 buffers the selection
voltage 94 and outputs the liquid crystal applying voltage
95.

[0057] The data output operation is made possible through
the above operation.
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[0058] Next, the construction of the gray-scale voltage
generating circuit 60 will be described in detail with refer-
ence to FIGS. 2 and 3 on the basis of a case where 64
gray-scales are generated.

[0059] FIG. 2 is a block diagram showing the construction
of the gray-scale voltage generating circuit 60, and FIG. 3
is a diagram showing the construction of a variable resistor
61 of the gray-scale voltage generating circuit 60.

[0060] The gray-scale voltage generating circuit 60 is
constructed by connecting variable resistors 61-1 to 61-64 in
series, and the reference voltages 835 are input to the gray-
scale voltage generating circuit 60 every eight variable
resistors. The first reference voltage 85-1 is applied to one
end of the variable resistor 61-1, the second reference
voltage 85-2 is applied to the connection point between the
variable resistors 61-8 and 61-9, and the ninth reference
voltage is applied to the other end of the variable resistor
61-64.

[0061] The resistance value of each variable resistor 61 is
set in accordance with the set data 88.

[0062] The variable resistor 61 is constructed by plural
fixed resistors 62 which are connected in series, and each
fixed resistor 62 is connected in parallel to a short-circuiting
switch 63.

[0063] The short-circuiting switch 63 is switched (opened/
closed) in accordance with the set data 88 to thereby vary the
resistance value of the variable resistor 61.

[0064] The gray-scale voltage generating circuit 60
divides a voltage reference between the first reference
voltage 83-1 and the second reference voltage 85-2 by the
variable resistors 61-1 to 61-8, whereby gray-scale voltages
89 for eight gray-scale levels are generated on the basis of
the reference voltages of two levels. As a result, a total of
64-level gray-scale voltages 89 are generated from 9-level
reference voltages 85.

[0065] Each variable resistor 61 is constructed by con-
necting a pair of a resistor 62 and a short-circuiting switch
63 in parallel (hereinafter referred to as “switch parallel
connection”) and then connecting in series a plurality of
such pairs each comprising a switch parallel connection of
a resistor 62 and a short-circuiting switch 63. Each short-
circuiting switch 63 is connected to the set register 70, and
switched on/off in accordance with the set data 88. When the
switch 63 is off, current flows through the resistor 62 which
is connected to the switch 63 in parallel, and thus a voltage
drop occurs.

[0066] On the other hand, when the switch 63 is on,
current flows through the switch 63 and no voltage drop
occurs.

[0067] By controlling the switch on/off operation of these
switches 63, the resistance value of the variable resistor 61
can be controlled by the set register 70. Accordingly, each of
the eight gray-scale voltages 89 generated on the basis of the
two reference voltages can further be easily varied by
changing the resistance value of each variable resistor, that
is, changing the voltage dividing ratio. This is applicable to
the voltage values generated on the basis of the other
reference voltages 85.

[0068] Here, as shown in FIG. 4, the relationship between
the applied voltage of the liquid crystal panel and the display
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brightness is different between a normally black mode liquid
crystal panel and a normally white mode liquid crystal panel.
The normally black mode liquid crystal panel has low
brightness under a low applied voltage and high brightness
under a high applied voltage. Further, this characteristic is
represented by an S-shaped curve which is saturated both in
alow applied voltage area and in a high applied voltage area.
The relationship between the applied voltage and the display
brightness of the normally white mode liquid crystal panel
has the characteristic which is opposite (symmetric) to that
of the normally black mode liquid crystal panel. The present
invention can be applied irrespective of the mode of the
liquid crystal panel. In the following description it is
assumed that the liquid crystal panel is the normally black
mode liquid crystal.

[0069] Next, FIG. 3 shows a case where the resistance
value of each resistor 62 of the variable resistor 61 is set to
509Q. As a reference status there is defined such a status that
two of the four switches 63 are switched on while the other
two switches are switched off so that the potential difference
between the two reference voltages is set to 1V and each
voltage-dividing resistance value is set to 100Q.

[0070] Here, when the difference in brightness is small
between low gray-scales and it is large between high gray-
scales, the resistance value between the low gray-scales is
increased, and the resistance value between the high gray-
scales is reduced. For example, when the setting of the
resistance values is made again so that the resistance value
of the variable resistors 61-8 and 61-7 of FIG. 2 is equal to
20082, the resistance value of the variable resistors 61-6 and
61-5 is equal to 100Q and the resistance value of the
resistors 61-4 to 61-1 is equal to 502, each of the gray-scale
voltages 89 of eight gray-scales is varied as shown in FIG.
5. That is, at the low gray-scale, the inter-gray-scale poten-
tial difference between the gray-scales is increased, and at
the high gray-scale the potential difference is reduced. In
other words, the brightness difference is increased at the low
gray-scale, and it is reduced at the high gray-scale.

[0071] The gray-scale display characteristic can be
changed by freely varying the resistance-dividing ratio as
described above.

[0072] Next, the relationship between the input display
data 84 and the actual display brightness, which can be
obtained in accordance with the setting mode of the resis-
tance-dividing ratio, will be described with reference to
FIGS. 6A to 6C.

[0073] FIG. 6A is a graph showing a setting mode in
which the gray-scale display is lighter as a whole, and this
mode is suitable for display of natural pictures. In this mode,
the setting is made so that each resistance-dividing ratio is
higher for low display data while it is lower for high display
data.

[0074] FIG. 6B is a graph showing a setting mode in
which the gray-scale display is darker as a whole, and this
mode is suitable for display of computer graphics and text.
The setting is made so that each resistance-dividing ratio is
lower for low display data while it is higher for high display
data.

[0075] FIG. 6C is a graph showing a setting mode in
which the relationship between the input display data 84 and
the actual display brightness is linear. The setting is made so
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that each resistance-dividing ratio is higher in the vicinity of
a S-shaped curve shown in FIG. 4.

[0076] In the foregoing description, the variable resistor
61 is constructed by connecting in series a plurality of
resistors 62 each of which is connected in parallel to a
switch. However, the same effect could be obtained if the
variable resistor 61 is constructed by connecting in parallel
a plurality of resistors 62 each of which is connected to a
switch in series. That is, the resistance-dividing ratio can be
changed by switching the switches connected in series to the
resistors on or off.

[0077] Further, the variable resistor 61 may be constructed
by combining a plurality of resistors 62 each connected to
the above switch in parallel and a plurality of resistors 62
each connected to the above switch in series. For example,
the same effect could be obtained if a pair of resistors 62
each connected to the switch in parallel are connected to
each other in series and plural pairs of resistors 62 each
connected to the switch in series are connected to one
another in parallel. That is, the resistance-dividing ratio can
be changed by switching the switches connected in parallel
to the resistors 62 on or off.

[0078] Next, a method of setting the resistance value of the
variable resistor will be described.

[0079] FIG. 7 shows the internal construction of the set
register 70. In FIG. 7, reference numerals 71-1 to 71-n
represent latches.

[0080] As shown in FIG. 7, the set register 70 is supplied
with the set register sctting data 86 and the set register
setting clock 87.

[0081] In the case of the variable resistor 61 shown in
FIG. 3, the 4-bit setting data 88 are needed, and thus the bit
number of the register is set to (the number of variable
resistors 61)x4 bits.

[0082] The sct register 71 functions as a shift register, and
the set register setting data 86 are successively shifted from
the latch 71-1 for holding each setting data by the set register
setting clock 87.

[0083] When all the set register setting data 86 and the set
register setting clock 87 are input, the setting is completed.
During the setting period, the gray-scale voltage is unstable.
Therefore, it is preferable that the setting is finished after the
power source is switched on and before the display is
started, and the display is started after the gray-scale voltage
has sufficiently stabilized.

[0084] As described above, the resistance value of each
variable resistor can be set by using the set register setting
data 86 and the set register setting clock 87.

[0085] According to the liquid crystal driving circuit of the
present invention, an offset adjustment and an amplification
factor adjustment for the selection voltage 95 which selected
the gray-scale voltage 94 at the decode circuit 40 are further
performed, and also a fine adjustment of the liquid crystal
applying voltage 95 to the input display data 84 is further
performed.

[0086] The output voltage offset adjustment and the ampli-
fication factor adjustment will be described with reference to
FIG. 8.
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[0087] FIG. 8 is a internal block diagram showing one
output of the amplifying circuit 50.

[0088] The amplifying circuit 50 has a resistor Ra 51, a
resistor Rb 52, a resistor Re 53, a resistor Rf 54 and an
operational amplifier 55. The resistor Ra 51 has a plurality
of resistors 511 which are connected to one another in series,
and a plurality of switches 512. The resistor Rf 54 has a
plurality of resistors 541 which are connected to one another
in series, and a plurality of switches 542.

[0089] The positive input terminal (+) of the operational
amplifier 55 is supplied with the output 94 of the decode
circuit 40 through the resistor Rb 52 and with an offset signal
90 through the resistor Re 53. The negative input terminal
(=) of the operational amplifier 55 is supplied with a voltage
obtained by dividing the output of the operational amplifier
55 with the resistors Rf 54 and Ra 51.

[0090] The switches 512 and 542 of the resistors Ra 51
and Rf 54 are selectively closed in accordance with the
setting data 88, whereby a desired resistance value can be
set.

[0091] FIG. 9 shows a gray-scale vs. voltage characteris-
tic when the offset adjustment is carried out, and FIG. 10
shows a gray-scale vs. voltage characteristic when the
amplification factor adjustment is carried out.

[0092]

[0093] In the offset adjustment, the display brightness is
increased or reduced by increasing or reducing each gray-
scale voltage by an amount corresponding to a fixed voltage
as shown in FIG. 9. As described above, the brightness of
a display image can be adjusted by adjusting the offset
amount of the gray-scale vs. voltage characteristic.

First, the offset adjustment will be described.

[0094] Next, the amplification factor adjustment will be
described.
[0095] In the amplification factor adjustment, the display

brightness is increased or reduced by increasing or reducing
the gray-scale voltage by an amount corresponding to a fixed
rate as shown in FIG. 10. As described above, the contrast
of a display image can be adjusted by adjusting the ampli-
fication factor of the gray-scale vs. voltage characteristic.

[0096] FIG. 8 is a circuit diagram for implementing the
offset adjustment of FIG. 9 and the amplification factor
adjusting shown in FIG. 10. In this case, the output voltage
Vout of the amplifying circuit 50 is expressed by the
following equation (1):

RFY Re . €))
Vour= (1 + E]Rb+ RC(Vm— Vof)
[0097] In order to implement the offset adjustment, the

positive input terminal (+) of the operational amplifier 55 of
the amplifying circuit 50 is supplied with a voltage which is
obtained by voltage-dividing the selection voltage 94 (rep-
resented by Vin) and the offset voltage 90 (represented by
Vof) with the resistors Rb 52 and Re 53.

[0098] At this time, the voltage at the positive input
terminal is equal to (Vin—Vof)xRc/(Rb+Rc). For example,
assuming that the ratio of the resistance values of the
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variable resistors Ra 51 and Rf 54 is equal to 1, the gain of
the operational amplifier 55 is equal to 2, and the output
voltage Vout of the amplifying circuit 50, that is, the liquid
crystal applying voltage 95 is equal to double the voltage at
the positive input terminal of the operational amplifier 55.

[0099] Here, assuming that Ra 51=Rf 54 and the voltage
at the positive input terminal is equal to (Vx-Vof)/2, Vout=
(Vx=Vof) can be obtained by multiplying the voltage at the
positive input terminal by 2. That is, the output voltage Vout
is uniformly shifted by the offset voltage (Vof) 90.

[0100] The offset amount of the output voltage Vout of the
amplifying circuit 50 can be adjusted as described above.

[0101] Asshown in FIG. 8, the variable resistor Ra 51 and
the variable resistor Rf 54 which determine the amplification
factor of the operational amplifier 55 respectively vary the
resistance values thereof by combining plural resistors 511
and plural switches 512 (plural resistors 541 and plural
switches 542) and controlling the switching operation of the
corresponding switches.

[0102] The amplification factor of the operational ampli-
fier is equal to (1+Ra/Rf). In this case, the setting method of
the amplification factor is implemented by setting the on/off
operation of the switches 512 and 542 on the basis of the
setting data 88.

[0103] In the case of FIG. 8, every four switches are used
for each of the switches 512 and 542 which determine the
resistance value, and 1 bit of the setting data 88 is allocated
to each of the switches 512 and 542 to switch on one switch
512 of the variable resistor Ra 51 and switch off one switch
542 of the variable resistor Rf 54. The resistance value is
varied by the switch which is switched on, and thus the
amplification factor is varied.

[0104] In this case, the setting data 88 is individually
provided for every output, and thus the adjustment can be
performed for every output. However, if the amplification is
uniformly carried out for all the outputs, the setting data 88
may be common. The setting of the amplification factor of
the amplifying circuit 50 is enabled as described above.

[0105] In the above case, the resistance values of the
variable resistor Ra 51 and the variable resistor Rf 54 are
varied on the basis of the setting data 88. However, each of
the resistor Rb 52 and the resistor Rc 53 which function as
the voltage-dividing resistors of the positive input terminal
of the operational amplifier 55 may be constructed by plural
resistors and plural switches as in the case of the variable
resistor Ra 51 and the variable resistor Rf 54, whereby the
resistance values thereof are varied on the basis of the setting
data 88.

[0106] Further, one or more of these resistors may be
designed so that the resistance values thereof can be set. The
output voltage Vout can be determined according to the
above equation (1) irrespective of combination.

[0107] As described above, the liquid crystal applying
voltage Vout 95 can be controlled by the offset voltage Vof
90 and the setting data 88 to vary the gray-scale display
characteristic.

[0108] In the above case, the set register 70 is set by using
the set register setting clock 87 and the set register setting
data 86. Alternatively, it may be set by using the input
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display data 84 and the latch signal 91. This method will be
described as a fourth embodiment.

[0109] According to the liquid crystal driving circuit 1 of
this embodiment, with the above function, the gray-scale
display characteristic can be changed in accordance with a
user’s taste, the type of display image (natural picture,
computer graphics, text, etc.), characteristics inherent to the
device, etc.

Second Embodiment

[0110] A second embodiment of the liquid crystal driving
circuit according to the present invention will now be
described with reference to FIG. 11.

[0111] FIG. 11 is an internal block diagram showing the
amplifying circuit 50 of the liquid crystal driving circuit 1
according to the second embodiment of the present inven-
tion. This embodiment is characterized in that the amplifi-
cation factor of the amplifying circuit 50 can be set on a
color (R, G, B) basis. FIG. 11 is also a block diagram
showing the construction of one output of the amplifying
circuit 50 as in the case of the embodiment shown in FIG.

8.

[0112] In FIG. 11, reference numerals affixed with “r”
represent elements associated with R (red), reference numer-
als affixed with “g” represent elements associated with G
(green) and reference numerals affixed with “b” represent
elements associated with B(blue). Particularly, reference
numeral 90r represents an offset voltage Vofr for R(red),
reference numeral 90g represents an offset voltage Vofg for
G(green), and reference numeral 90b represents an offset
voltage Vofb for B(blue).

[0113] Next, the operation of the amplifying circuit of the
liquid crystal driving circuit of this embodiment will be
described with reference to FIG. 11.

[0114] The liquid crystal driving circuit of this embodi-
ment is effective when it is applied to a liquid crystal panel
using RGB color filters. That is, the gray-scale display
characteristic can be finely adjusted for every color (R, G,
B).

[0115] First, the offset adjustment will be described.

[0116] The offset voltage 90 has Vofr 90r, Vofg 90g, Vofb
905 which correspond to offset voltages for respective colors
(R, G, B). Vofr 90r is an offset voltage for R, and used for
an offset adjustment for R. Vofg 90g is an offset voltage for
G, and used for an offset adjustment for G. Votb 90b is an
offset voltage for B, and used for an offset adjustment for B.

[0117] These offset voltages 90f, 90g, 90b are respectively
adjusted, and Vof in the equation (1) is replaced by each of
Vofr, Vof, Vofb to determine Vout for each color. Accord-
ingly, the offset amount can be adjusted for every color.

[0118] In this case, the offset voltage 90r, 90g, 90b of each
color shown in FIG. 11 is directly supplied from an external
pin.

[0119] Next, the amplification factor adjustment will be
described.

[0120] The amplification factor adjustment of each color is
performed as follows. As in the case of the first embodiment,
one or more of the variable resistor Ra 51, the resistor Rb 52,
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the resistor Rc 53 and the variable resistor Rf 54 which
determine the amplification factor of each color are respec-
tively constructed by plural resistors and plural switches as
shown in FIG. 8, and the on/off operation of the switches are
performed on the basis of the setting data 887, 88g, 88b to
change the resistance value for each color. The setting data
88 is individually provided for every color, and the resis-
tance value for each color, that is, the amplification factor for
cach color, is set.

[0121] As described above, the liquid erystal driving cir-
cuit 1 of this embodiment can adjust the offset amount and
the amplification factor for every color of RGB.

[0122] In the above-described first and second embodi-
ments, the offset voltage Vof is directly supplied from the
external pins. However, the method of supplying the offset
voltage Vof according to the present invention is not limited
to the above mode, and the offset voltage Vof may be
supplied by a method shown in the following third embodi-
ment.

Third Embodiment

[0123] A third embodiment of the liquid crystal driving
circuit 1 according to the present invention will be described
with reference to FIG. 12. This embodiment is characterized
by an offset voltage supply method and an offset voltage
supply circuit, and it is substituted for the offset voltage of
90 which is directly supplied from the external pins accord-
ing to the first and second embodiments.

[0124] FIG. 12 is a block diagram showing the construc-
tion for one output of the offset voltage supply method and
the offset voltage supply circuit according to this embodi-
ment.

[0125] The amplifying circuit 50 is different from the
circuit shown in FIG. 8 in that an offset voltage supply
circuit 86 comprising plural variable resistors 561 which are
connected to one another in series is added. The offset
voltage supply circuit 50 generates a supply circuit gener-
ating offset voltage Vof'90" on the basis of the externally
input offset voltage Vof 90 and the setting data 88.

[0126] First, the offset voltage Vof 90 from the external is
input to the offset voltage supply circuit 86. In the offset
voltage supply circuit 86, the voltage between the offset
voltage Vof 90 and the ground are resistance-divided by
plural variable resistors 561. The voltage obtained by the
resistance-division is output as the supply circuit generating
offset voltage Vof'90' and supplied to each operational
amplifier 35.

[0127] At this time, the sctting data 88 are used to control
the voltage value (Vof') to be supplied, and the on/otf
operation of the switches is controlled in accordance with
the setting data 88 to set the resistance value of the variable
resistor 561.

[0128] As described above, according to this embodiment,
the voltage value of the offset voltage Vof 90 input is set to
a fixed value, and the voltage value is generated on the basis
of the setting data 88, whereby the offset voltage can be
easily varied and supplied.

[0129] Further, when the supply circuit generating offset
voltage Vof'90" is supplied to each color of R, G, B, the
setting data 88 and the offset voltage supply circuit 86 may
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be individually provided for every color. Accordingly, the
set register value can be set for every color, and the offset
voltage can be supplied for every color.

Fourth Embodiment

[0130] A fourth embodiment according to the present
invention will now be described with reference to FIG. 13.
This embodiment is characterized by a set register 70 setting
method and a set register setting circuit, and it is substituted
for the set register setting method of the first and second
embodiments.

[0131] FIG. 13 is a block diagram showing the construc-
tion of the set register of the liquid crystal driving circuit
according to this embodiment.

[0132] This embodiment is different from the set register
70 shown in FIG. 7 in that the set value data 84 are used in
place of the set register setting data 86 input to the latch 71
and the output 91 of the latch address control circuit 10 are
used in place of the set register setting clock 87.

[0133] As in the case of the set register 70 shown in FIG.
7, the set register 70 comprises plural latches 70-1 to 70-n.

[0134] The data terminal D of the set register 70 is
supplied with the input display data 84. The reset terminal of
the set register 70 is supplied with a latch signal 91 from the
latch address control circuit 10, and also with a latch signal
97 through a latch AND gate 15.

[0135] The latch AND gate 15 is supplied with the latch
signal 91 from the latch address control circuit 10 and a set
enable signal 96 to output the set clock 97.

[0136] The latch address control circuit 10 is supplied with
an enable signal 81, a display data clock 82 and a line clock
83 as in the case of the first embodiment.

[0137] Next, the setting data pickup operation of this
embodiment will be described.

[0138] As shown in FIG. 1, the latch address control
circuit 10 outputs the latch signal 91 to the latch circuit (1)
20 for picking up the display data when the enable signal 81
input is active.

[0139] Here, as shown in FIG. 13, in place of the display
data, the set value data 84 are input to the set register 70, and
the latch signal 91 is output through the latch AND 15 to the
set register 70. The latch signal 91 is successively shifted in
accordance with the display data clock 83, and the setting
clock 97 is active when the setting enable signal 96 input to
the latch AND 15 is active (in this case, the signal has a high
level).

[0140] Accordingly, the set value data on the display data
84 are taken into each bit of the set register 70 in accordance
with the latch signal 91.

[0141] When all the set value data in the liquid crystal
driving circuit of this embodiment are picked up, the latch
address control circuit 10 outputs the enable signal 81, and
it returns to its initial state when the line clock 83 is input
thereto.

[0142] According to this embodiment, the pins for input-
ting the set register setting data 86 of the set register 70 can
be reduced in number.
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[0143] Next, the construction of a liquid crystal display
device using a plurality of liquid crystal driving circuits
according to the present invention will be described with
reference to FIG. 14.

[0144] The liquid crystal display device includes a liquid
crystal driving circuit 1-1 at a first stage, a liquid crystal
driving circuit 1-2 at a next stage, a scan driver 2, a display
control circuit 3, a reference voltage generating circuit 4 and
a liquid crystal panel 5.

[0145] The display control circuit 3 is supplied with a
display control signal 98-1, display data 98-2, and y-correc-
tion data 98-3, and outputs a scan driver control signal 98-4
to the scan driver 2. The scan driver 2 outputs a scan signal
99 to the liquid crystal display device (LCD) panel 5.

[0146] The display control circuit 3 outputs to the liquid
crystal driving circuit 1 the enable signal 81, the display data
clock 82, the line clock 83, the input display data 84 and the
setting enable signal 96.

[0147] First, the display control circuit 3 generates and
outputs the set register setting data from the y-correction
data 98-3 in place of the display data 84 (reference numeral
84 represents the set register setting data in the following
description), makes the setting enable signal 96 active, and
outputs the enable signal 81 to the liquid crystal driving
circuit 1-1 at the first stage.

[0148] Upon input of the enable signal 81, the liquid
crystal driving circuit 1-1 at the first stage starts to pick up
the set register setting data 84 in accordance with the display
data clock 83.

[0149] 1In a case of the liquid crystal display device for
displaying with a plurality of liquid crystal driving circuits
1 of the present invention, the enable signal 81 output from
the liquid crystal driving circuit 1-1 at the initial stage is
connected to the enable signal 81 of the liquid crystal driving
circuit at the next stage, and the liquid crystal driving circuit
1-2 at the next stage starts to pick up the set value data.

[0150] As described above, when a plurality of liquid
crystal driving circuits are provided, the next liquid crystal
driving circuit starts the pickup operation in response to the
enable signal 81. Therefore, if the enable input signal 81 of
the liquid crystal driving circuit at the first stage is active to
start the pickup operation, the set register setting data 84 and
the display data clock 83 can be supplied to each liquid
crystal driving circuit for the setting.

[0151] When the setting is completed, the liquid crystal
driving circuits 1-1 and 1-2 generate the gray-scale voltage
on the basis of the reference voltage 85 generated by the
reference voltage generating circuit 4, and the control circuit
3 generates various control signals 81 to 83 and the input
display data 84 (in the following description 84 represents
the input display data) for display on the basis of the display
control signal 98-1 and the display data 98-2, and outputs
these signals to the liquid crystal driving circuits 1-1 and
1-2. The liquid crystal driving circuit 1-1 and the liquid
crystal driving circuit 1-2 pick up the input display data 84
to generate the liquid crystal applying voltage 95.

[0152] Further, the control circuit 3 generates the scan
driver control signal 98-4, and the scan driver 2 outputs the
scan signal 99 in accordance with the scan driver control
signal 98-4 to start the scanning operation. As described
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above, the display is performed on the liquid crystal panel §
while the gray-scale display characteristic is variable.

[0153] The present invention is not limited to the above-
described embodiments, and various modifications may be
made without departing from the subject matter of the
present invention. For example, the offset voltage supply
method and the offset voltage supply circuit of the third
embodiment may be used in place of the offset voltage
supply method and the offset voltage supply circuit of the
first and second embodiments.

[0154] Further, in the above-described embodiments, the
methods and the circuits for adjusting the voltage-dividing
resistance ratio of the gray-scale voltage generating circuit,
the methods and circuits for adjusting the offset voltage of
the amplifying circuit and further adjusting the amplification
factor are used in order to adjust the liquid crystal applying
voltage value. However, at least one of these methods and
circuits may be selected and mounted in the apparatus for the
adjustment from the viewpoint of reducing the circuit scale.

[0155] The effect obtained by the present invention dis-
closed in this application is summarized as follows. That is,
by applying the present invention to a liquid crystal device,
the gray-scale display characteristic can be changed in
accordance with a user’s taste, the type of display image
(natural picture, computer graphics, text or the like), char-
acteristics inherent to a device, etc.

What is claimed is:
1. A display device for displaying display data, compris-
ing:

a display panel;

a driving circuit which generates a gray-scale voltage
corresponding to the display data and outputs the
gray-scale voltage to the display panel,

the driving circuit being capable of changing a brightness
curve representing a relationship between a gray-scale
of the display data and a display brightness of the
display panel between a convex brightness curve and a
concave brightness curve,

the convex brightness curve being convex with respect to
a line representing a linear relationship between the
gray-scale of the display data and the display brightness
of the display panel,

the concave brightness curve being concave with respect
to the line representing the linear relationship between
the gray-scale of the display data and the display
brightness of the display panel;

a scan driver which scans a line on the display panel to
which the gray-scale voltage is output; and

a control circuit which outputs the display data to the
driving circuit and outputs a display control signal to
the scan driver.

2. A display device according to claim 1, wherein the
driving circuit includes a set register which is capable of
changing the brightness curve between the convex bright-
ness curve and the concave brightness curve.

3. A display device according to claim 1, wherein the
driving circuit includes:
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a gray-scale voltage generating circuit which generates a
plurality of gray-scale voltages based on a reference
voltage; and

a decode circuit which selects the gray-scale voltage
corresponding to the display data from the plurality of
gray-scale voltages.

4. A display device according to claim 3, wherein the
gray-scale voltage generating circuit includes a resistance
circuit which generates the plurality of gray-scale voltages
by dividing the reference voltage.

5. A display device according to claim 4, wherein the
driving circuit further includes a set register which sets at
least one resistance value of the resistance circuit.

6. A display device according to claim 4, wherein the
driving circuit further includes a set register which is
capable of changing at least one voltage dividing ratio of the
resistance circuit.

7. A display device for displaying display data, compris-
ing:

a display panel;

a driving circuit which generates a gray-scale voltage
corresponding to the display data and outputs the
gray-scale voltage to the display panel;

a scan driver which scans a line on the display panel to
which the gray-scale voltage is output; and

a control circuit which outputs the display data to the
driving circuit and outputs a display control signal to
the scan driver;

wherein a brightness curve representing a relationship
between a gray-scale of the display data and a display
brightness of the display panel is changeable between
a convex brightness curve and a concave brightness
curve,

the convex brightness curve being convex with respect to
a line representing a linear relationship between the
gray-scale of the display data and the display brightness
of the display panel,

the concave brightness curve being concave with respect
to the line representing the linear relationship between
the gray-scale of the display data and the display
brightness of the display panel.
8. A display device for displaying display data, compris-
ing:

a display panel;

a driving circuit which generates a gray-scale voltage
corresponding to the display data and outputs the
gray-scale voltage to the display panel,

the driving circuit being capable of changing a gray-scale
display characteristic of the display data between a first
state and a second state,

the first state being a state in which a difference in a
brightness of the display panel between two adjacent
values of the display data in a first gray-scale region is
relatively larger than a difference in the brightness of
the display panel between two adjacent values of the
display data in a second gray-scale region in which a
gray-scale is higher than a gray-scale in the first gray-
scale region,
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the second state being a state in which the difference in the
brightness of the display panel between two adjacent
values of the display data in the first gray-scale region
is relatively smaller than the difference in the bright-
ness of the display panel between two adjacent values
of the display data in the second gray-scale region;

a scan driver which scans a line on the display panel to
which the gray-scale voltage is output; and

a control circuit which outputs the display data to the
driving circuit and outputs a display control signal to
the scan driver.

9. A display device according to claim 8, wherein the
driving circuit includes a set register which is capable of
changing the gray-scale display characteristic of the display
data between the first state and the second state.

10. A display device according to claim 8, wherein the
driving circuit includes:

a gray-scale voltage generating circuit which generates a
plurality of gray-scale voltages based on a reference
voltage; and

a decode circuit which selects the gray-scale voltage
corresponding to the display data from the plurality of
gray-scale voltages.

11. A display device according to claim 10, wherein the
gray-scale voltage generating circuit includes a resistance
circuit which generates the plurality of gray-scale voltages
by dividing the reference voltage.

12. A display device according to claim 11, wherein the
driving circuit further includes a set register which sets at
least one resistance value of the resistance circuit.

13. A display device according to claim 11, wherein the
driving circuit further includes a set register which is
capable of changing at least one voltage dividing ratio of the
resistance circuit.

14. A display device for displaying display data, compris-
ing:

a display panel,

a driving circuit which generates a gray-scale voltage
corresponding to the display data and outputs the
gray-scale voltage to the display panel;

a scan driver which scans a line on the display panel to
which the gray-scale voltage is output; and

a control circuit which outputs the display data to the
driving circuit and outputs a display control signal to
the scan driver;

wherein a gray-scale display characteristic of the display
data is changeable between a first state and a second
state,

the first state being a state in which a difference in a
brightness of the display panel between two adjacent
values of the display data in a first gray-scale region is
relatively larger than a difference in the brightness of
the display panel between two adjacent values of the
display data in a second gray-scale region in which a
gray-scale is higher than a gray-scale in the first gray-
scale region,

the second state being a state in which the difference in the
brightness of the display panel between two adjacent
values of the display data in the first gray-scale region
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is relatively smaller than the difference in the bright-

ness of the display panel between two adjacent values

of the display data in the second gray-scale region.
15. Adisplay device for displaying display data, compris-

ing:

a display panel;

a driving circuit which generates a gray-scale voltage
corresponding to the display data and outputs the
gray-scale voltage to the display panel,

the driving circuit being capable of changing a gray-scale
display characteristic of the display data between a first
state and a second state,

the first state being a state in which a difference in a
brightness of the display panel between two adjacent
values of the display data in a first gray-scale region is
relatively smaller than a difference in the brightness of
the display panel between two adjacent values of the
display data in a second gray-scale region in which a
gray-scale is higher than a gray-scale in the first gray-
scale region,

the second state being a state in which the difference in the
brightness of the display panel between two adjacent
values of the display data in the first gray-scale region
is relatively larger than the difference in the brightness
of the display panel between two adjacent values of the
display data in the second gray-scale region;

a scan driver which scans a line on the display panel to
which the gray-scale voltage is output; and

a control circuit which outputs the display data to the
driving circuit and outputs a display control signal to
the scan driver.

16. A display device for displaying display data, compris-

ing:

a display panel;

a driving circuit which generates a gray-scale voltage
corresponding to the display data and outputs the
gray-scale voltage to the display panel;

a scan driver which scans a line on the display panel to
which the gray-scale voltage is output; and

a control circuit which outputs the display data to the
driving circuit and outputs a display control signal to
the scan driver;

wherein a gray-scale display characteristic of the display
data is changeable between a first state and a second
state,

the first state being a state in which a difference in a
brightness of the display panel between two adjacent
values of the display data in a first gray-scale region is
relatively smaller than a difference in the brightness of
the display panel between two adjacent values of the
display data in a second gray-scale region in which a
gray-scale is higher than a gray-scale in the first gray-
scale region,

the second state being a state in which the difference in the
brightness of the display panel between two adjacent
values of the display data in the first gray-scale region
is relatively larger than the difference in the brightness
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of the display panel between two adjacent values of the
display data in the second gray-scale region.
17. A display device for displaying display data, compris-
ing:
a display panel,

a driving circuit which generates a gray-scale voltage
corresponding to the display data and outputs the
gray-scale voltage to the display panel,

the driving circuit being capable of changing a gray-scale
display characteristic of the display data between a first
state and a second state,

the first state being a state in which a difference in a
brightness of the display panel between two adjacent
values of the display data becomes smaller as a gray-
scale of the display data increases,

the second state being a state in which the difference in the
brightness of the display panel between two adjacent
values of the display data becomes larger as the gray-
scale of the display data increases;

a scan driver which scans a line on the display panel to
which the gray-scale voltage is output; and

a control circuit which outputs the display data to the
driving circuit and outputs a display control signal to
the scan driver.

18. A display device according to claim 17, wherein the
driving circuit includes a set register which is capable of
changing the gray-scale display characteristic of the display
data between the first state and the second state.

19. A display device according to claim 17, wherein the
driving circuit includes:

a gray-scale voltage generating circuit which generates a
plurality of gray-scale voltages based on a reference
voltage; and

a decode circuit which selects the gray-scale voltage
corresponding to the display data from the plurality of
gray-scale voltages.

Mar. 7, 2002

20. A display device according to claim 19, wherein the
gray-scale voltage generating circuit includes a resistance
circuit which generates the plurality of gray-scale voltages
by dividing the reference voltage.

21. A display device according to claim 20, wherein the
driving circuit further includes a set register which sets at
least one resistance value of the resistance circuit.

22. A display device according to claim 20, wherein the
driving circuit further includes a set register which is
capable of changing at least one voltage dividing ratio of the
resistance circuit.

23. Adisplay device for displaying display data, compris-
ing:

a display panel;

a driving circuit which generates a gray-scale voltage
corresponding to the display data and outputs the
gray-scale voltage to the display panel;

a scan driver which scans a line on the display panel to
which the gray-scale voltage is output; and

a control circuit which outputs the display data to the
driving circuit and outputs a display control signal to
the scan driver;

wherein a gray-scale display characteristic of the display
data is changeable between a first state and a second
state,

the first state being a state in which a difference in a
brightness of the display panel between two adjacent
values of the display data becomes smaller as a gray-
scale of the display data increases,

the second state being a state in which the difference in the
brightness of the display panel between two adjacent
values of the display data becomes larger as the gray-
scale of the display data increases.
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