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The present invention provides a driving circuit of a flat
display device, and a flat display device, and is for example
applicable to a display device using organic EL (Electro
Luminescence) elements. The present invention makes it
possible to correct light emission characteristics variously,
effectively avoid significant degradation in image quality
due to noise, and further simplify an adjustment operation by
generating original reference voltages by selecting a plural-
ity of candidate voltages formed by voltage divider circuits
according to original reference voltage setting data, gener-
ating reference voltages for digital-to-analog conversion
from the original reference voltages, generating the refer-
ence voltages at both ends by dividing a reference voltage
generating voltage by the voltage divider circuit, and gen-
erating the other original reference voltages with voltage
divider circuits connected in series with each other and the
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DRIVING CIRCUIT OF FLAT DISPLAY DEVICE,
AND FLAT DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a driving circuit of
a flat display device, and a flat display device, and is for
example applicable to a display device using organic EL
(Electro Luminescence) elements. The present invention
makes it possible to correct light emission characteristics
variously, effectively avoid significant degradation in image
quality due to noise, and further simplify an adjustment
operation by generating original reference voltages by
selecting a plurality of candidate voltages formed by voltage
divider circuits according to original reference voltage set-
ting data, generating reference voltages for digital-to-analog
conversion from the original reference voltages, generating
the reference voltages at both ends by dividing a reference
voltage generating voltage by the voltage divider circuit, and
generating the other original reference voltages with voltage
divider circuits connected in series with each other and the
reference voltages at both ends used as a reference.

[0002] Conventionally, a liquid crystal display device as
one type of flat display device changes gamma characteris-
tics by the setting of reference voltages used for digital-to-
analog conversion processing, as disclosed in Japanese
Patent Laid-Open No. Hei 10-333648, for example.

[0003] Specifically, as shown in FIG. 8, the liquid crystal
display device 1 has pixels (P) 3R, 3G, and 3B each formed
by a liquid crystal cell, a switching device for the liquid
crystal cell, and a storage capacitor, and has a display unit 2
formed by arranging the pixels 3R, 3G, and 3B in a form of
a matrix. Each of the pixels 3R, 3G, and 3B in the display
unit 2 of the liquid crystal display device 1 is connected to
a horizontal driving circuit 4 and a vertical driving circuit §
via a signal line (column line) SIG and a gate line (row line)
G. The vertical driving circuit 5 sequentially selects the
pixels 3R, 3G, and 3B, and gradation levels of the pixels 3R,
3G, and 3B are set by driving signals from the horizontal
driving circuit 4, whereby a desired image is displayed. The
pixels 3R, 3G, and 3B provided with red, green, and blue
color filters, respectively, are arranged sequentially and
cyclically so that a color image can be displayed.

[0004] For this, the liquid crystal display device 1 inputs
red, green, and blue image data DR, DG, and DB to be used
for display in parallel from a device main unit 6 to a
controller 7. The vertical driving circuit § drives the gate
lines G of the display unit 2 by a timing signal synchronous
with the image data DR, DG, and DB. Image data D1 for one
system is generated by time-division-multiplexing the image
data DR, DG, and DB so as to correspond to driving of the
signal lines SIG by the horizontal driving circuit 4, and the
signal lines SIG are driven by the horizontal driving circuit
4 on the basis of the image data D1.

[0005] FIG. 9 is a block diagram showing in detail the
horizontal driving circuit 4 and the controller 7 in conjunc-
tion with a related configuration. The controller 7 sequen-
tially stores the image data DR, DG, and DB output from the
device main unit 6 in a memory 10 and outputs the image
data by control of a memory control circuit 9. The controller
7 thereby time-division-multiplexes the image data DR, DG,
and DB such that image data for the same color is contigu-
ous in a line unit with a horizontal scanning period as a unit
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s0 as to correspond to the driving of the signal lines SIG by
the horizontal driving circuit 4, and then outputs the time-
division-multiplexed image data D1 for one system. Spe-
cifically, as to the pixels 3R, 3G, and 3B in this example, the
horizontal driving circuit 4 drives the red pixels 3R, the
green pixels 3G, and the blue pixels 3B sequentially in a line
unit. Thus, as shown in FIG. 10B, the controller 7 outputs
the image data D1 so as to repeat the red image data DR, the
green image data DG, and the blue image data DB sequen-
tially and cyclically in a line unit.

[0006] A timing generator (TG) 11 in the controller 7
generates various timing signals synchronous with the image
data D1, and outputs the timing signals to the horizontal
driving circuit 4 and the vertical driving circuit 5. Inciden-
tally, the timing signals in this case include for example a
clock CK (FIG. 10A) of the image data D1, start pulses ST
(FIG. 10C) indicating timing of starts and ends of the image
data DR, DG, and DB for the respective colors in the image
data D1, and strobe pulses (FIG. 10D).

[0007] Also, the controller 7 generates original reference
voltages VRT, VB to VG, and VRB as a reference for
generating reference voltages used for digital-to-analog con-
version processing by an original reference voltage gener-
ating circuit 12, and then outputs the original reference
voltages VRT, VB to VG, and VRB to the horizontal driving
circuit 4.

[0008] The horizontal driving circuit 4 inputs the image
data D1 output from the controller 7 into a shift register 13,
and then sequentially distributes and outputs the image data
D1 to signal line systems of the display unit 2. A reference
voltage generating circuit 14 generates reference voltages
V1 to V64 as voltages corresponding to gradation levels of
the image data D1 from the original reference voltages VRT,
VB to VG, and VRB input from the controller 7, and then
outputs the reference voltages V1 to V64.

[0009] Digital-to-analog converter circuits (D/A) 15A to
15N cach subject output data from the shift register 13 to
digital-to-analog conversion processing. Thus, in this
example, the digital-to-analog converter circuits 15A to 15N
output a driving signal formed by time-division-multiplex-
ing driving signals for three signal lines SIG adjacent to each
other. The digital-to-analog converter circuits 15A to 15N
perform the digital-to-analog conversion processing on the
image data output from the shift register 13 by selecting and
outputting the reference voltages V1 to V64 generated by the
reference voltage generating circuit 14 according to the
output data from the shift register 13.

[0010] Amplifier circuits 16A to 16N amplify output sig-
nals from the digital-to-analog converter circuits 15A to
15N, respectively, and then output the output signals to the
display unit 2. Selectors 17A to 17N in the display unit 2
sequentially and cyclically output the output signals of the
amplifier circuits 16A to 16N, respectively, to signal lines
SIG for red, green, and blue pixels 3R, 3G, and 3B.

[0011] Thus, the driving signal for each signal line SIG is
generated by selecting the reference voltages V1 to V64
generated from the original reference voltages VRT, VB to
VG, and VRB. FIG. 11 is a block diagram showing a
configuration of the original reference voltage generating
circuit 12 used to generate the original reference voltages
VRT, VB to VG, and VRB and the reference voltage
generating circuit 14 used to generate the reference voltages
V1 to V64.
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[0012] The original reference voltage generating circuit 12
has a voltage divider circuit 21 formed by connecting a
predetermined number of resistances in series with each
other. The voltage divider circuit 21 divides a reference
voltage generating voltage VCOM to thereby generate the
original reference voltages VRT, VB to VG, and VRB. The
original reference voltage generating circuit 12 thus gener-
ates the original reference voltages VRT, VB to VG, and
VRB by resistance voltage division, and then outputs the
original reference voltages VRT, VB to VG, and VRB via
amplifier circuits 24A to 24H, respectively. Incidentally, the
original reference voltage generating circuit 12 is configured
to be able to change voltage applied to the voltage divider
circuit 21 by means of a selecting circuit 22 and an inverting
amplifier circuit 23 to thereby deal with line reversal or
frame reversal. FIG. 10F shows potential of signal lines SIG
in the case of line reversal.

[0013] On the other hand, the reference voltage generating
circuit 14 has a resistance series circuit 26 formed by
connecting voltage divider circuits R1 to R7 in series with
each other, the voltage divider circuits R1 to R7 being each
formed by connecting a predetermined number of resis-
tances having an equal resistance value in series with each
other. The original reference voltages VRT, VB to VG, and
VRB are input to one end of the resistance series circuit 26,
points of connection between the voltage divider circuits R1
to R7 constituting the resistance series circuit 26, and
another end of the resistance series circuit 26 via amplifier
circuits 27A to 27H, respectively. Hence, the reference
voltage generating circuit 14 further divides potential dif-
ferences of the original reference voltages VRT, VB to VG,
and VRB generated by the original reference voltage gen-
erating circuit 12 by the voltage divider circuits R1 to R7,
respectively, and thereby generates reference voltages V1 to
V64 in a range between the original reference voltages VRT
and VRB.

[0014] Thus, the numbers of resistances constituting the
voltage divider circuits R1 to R7 in the reference voltage
generating circuit 14 are each set to a predetermined number
so as to generate the reference voltages V1 to V64 from the
original reference voltages VRT, VB to VG, and VRB.
Thereby the reference voltage generating circuit 14 can
output the plurality of reference voltages V1 to V64 corre-
sponding to gradation levels of the image data D1 by
dividing the original reference voltages VRT, VB to VG, and
VRB.

[0015] In the original reference voltage generating circuit
12, values of the resistances constituting the voltage divider
circuit 21 are set so as to display an image with a desired
gamma characteristic by using the reference voltages V1 to
V64 thus corresponding to the gradation levels of the image
data D1. Thereby, as indicated by a reference L1 in FIG. 12
in an example in which the voltage VCOM is set at 5 [V],
a desired gamma characteristic is secured by line graph
approximation by setting the original reference voltages
VRT, VB to VG, and VRB. In addition, the original refer-
ence voltage generating circuit 12 allows the original refer-
ence voltages VRT, VB to VG, and VRB output from the
voltage divider circuit 21 to be changed by altering a wiring
pattern. Thus, as indicated by a reference 1.2 for comparison
with the characteristic indicated by the reference L1, in a
state in which the original reference voltages VRT and VRB
as potentials at both ends are fixed, for example, the gamma
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characteristic can be varied variously by changing the other
original reference voltages VB to VG in ranges indicated by
aIrows.

[0016] Thus, the gamma characteristic can be changed by
the setting of the original reference voltage generating
circuit 12 for generating the original reference voltages
VRT, VB to VG, and VRB. In the liquid crystal display
device 1, the controller 7 including the original reference
voltage generating circuit 12 is formed by a control IC,
while the horizontal driving circuit 4 is formed by a driver
IC. Thus, conventionally, a product with a different gamma
characteristic can be produced by replacing only the control
IC of the liquid crystal display device 1, and thereby in
correction of the gamma characteristic, a period of time
required for the correction can be shortened. Incidentally,
references CA to CH denote stray capacitances between
these ICs.

[0017] Such flat display devices include a display device
formed by organic EL elements. A method has been pro-
posed which sets a gradation level of each organic EL
element by driving a signal line SIG in a display unit of such
a display device formed by organic EL elements as in the
display unit of the liquid crystal display device. Thus, as to
the display unit of organic EL elements in such a method, it
is conceivable that the control IC and the like in the liquid
crystal display device can be used to form the display
device.

[0018] However, since light emission characteristics of the
organic EL elements differ for each color and each product,
and the light emission characteristics change with the pas-
sage of time, the settings of reference voltages V1 to V64
need to be varied to deal with the difference and change of
the light emission characteristics. Therefore, in practice, the
display device cannot be formed with the driving circuit of
the liquid crystal display device described above with ref-
erence to FIG. 8. Specifically, the organic EL elements
require black level adjustment and dynamic range adjust-
ment for each color and each product. Incidentally, it is
known that the organic EL elements do not require adjust-
ment of a gamma characteristic itself. Therefore, when the
original reference voltage generating circuit 12 shown in
FIG. 11 is applied, voltages at both ends of the voltage
divider circuit 21 need to be adjusted for each color and each
product.

[0019] One conceivable method for solving this problem
is to form an original reference voltage generating circuit as
shown in FIG. 13, for example. Specifically, in the original
reference voltage generating circuit 30, digital-to-analog
converter circuits (D/A) 31A to 31H respectively generate
original reference voltages VRT, VB to VG, and VRB
according to original reference voltage setting data DV. In
this case, the digital-to-analog converter circuits 31A to 31H
are formed in the same manner. The digital-to-analog con-
verter circuits 31A to 31H generate a plurality of candidate
voltages for the original reference voltages by dividing a
reference voltage generating voltage VCOM by a voltage
divider circuit 32. A selector 33 selects and outputs the
plurality of candidate voltages output from the voltage
divider circuit 32 according to the original reference voltage
setting data DV.

[0020] Tt is thus possible to sct the original reference
voltage setting data DV for each color and thereby deal with
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light emission characteristics different for each color. It is
also possible to set the original reference voltage setting data
DV for each product and thereby correct variations in the
light emission characteristics of the product. In addition, it
is possible to deal with change in the light emission char-
acteristics with the passage of time.

[0021] With the configuration shown in FIG. 13, however,
as shown in FIG. 14, cach of the original reference voltages
VRT, VB to VG, and VRB can be varied in a range of 0 to
VCOM [V]. Hence, when the original reference voltage
setting data DV is set erroneously due to noise, the original
reference voltages VRT, VB to VG, and VRB are changed in
an extreme manner as shown in FIG. 185, for example,
thereby degrading image quality significantly.

[0022] In addition, in correction of light emission charac-
teristics of such organic EL elements, the organic EL ele-
ments with high luminous efficiency require the original
reference voltages VB to VG, and VRB to be set so as to
suppress a dynamic range of driving signals with respect to
the original reference voltage VRT as shown in FIG. 16 in
contrast to FIG. 14. In such a case, the configuration shown
in FIG. 13 requires resetting of the original reference
voltage setting data DV by recalculating the original refer-
ence voltages VB to VG of the digital-to-analog converter
circuits 31B to 31G so as to correspond to a change in the
original reference voltage VRB corresponding to a white
level obtained by a lowest voltage. On the other hand,
organic EL elements with poor luminous efficiency require
the dynamic range to be set so as to be extended. Also in this
case, it is necessary to reset the original reference voltage
setting data DV by recalculating the original reference
voltages VB to VG so as to correspond to a change in the
original reference voltage VRB. Thus, the calculation of the
original reference voltages VB to VG is complicated in
adjustment operation at the time of shipment from a factory,
for example. Incidentally, black level adjustment also
requires the original reference voltages VB to VG of the
digital-to-analog converter circuits 31B to 31G to be recal-
culated so as to correspond to a change in the highest
original reference voltage VRT, thus making these calcula-
tion operations complicated considerably.

SUMMARY OF THE INVENTION

[0023] The present invention has been made in view of the
above, and it is an object of the present invention to propose
a driving circuit of a flat display device, and a flat display
device using the driving circuit that make it possible to
correct light emission characteristics variously, effectively
avoid significant degradation in image quality due to noise,
and further simplify an adjustment operation.

[0024] In order to solve the problem, according to an
aspect of the present invention, there is provided a driving
circuit of a flat display device, the driving circuit generating
driving signals by subjecting image data to digital-to-analog
conversion processing, and driving signal lines of a display
unit formed by arranging pixels in a form of a matrix by the
driving signals, the driving circuit including: an original
reference voltage generating circuit for generating a plural-
ity of original reference voltages; a reference voltage gen-
erating circuit formed by connecting a plurality of voltage
divider circuits in series with each other, the voltage divider
circuits being each formed by connecting a plurality of

Oct. 20, 2005

resistances in series with each other, the original reference
voltages being inputted to both ends of the voltage divider
circuits and between the voltage divider circuits, respec-
tively, the reference voltage generating circuit outputting a
plurality of reference voltages as voltages divided by the
plurality of voltage divider circuits; a plurality of selecting
circuits for outputting the driving signals by receiving the
plurality of reference voltages and selecting and outputting
the reference voltages according to the image data for
corresponding signal lines; and an input circuit for inputting
original reference voltage setting data for specifying settings
of the original reference voltages; wherein the original
reference voltage generating circuit includes a plurality of
digital-to-analog converter circuits for generating the origi-
nal reference voltages by generating a plurality of candidate
voltages for the original reference voltages by voltage
divider circuits for generating the original reference voltages
and selecting and outputting the candidate voltages accord-
ing to the original reference voltage setting data; and a first
digital-to-analog converter circuit of the plurality of digital-
to-analog converter circuits divides a reference voltage
generating voltage by a voltage divider circuit for generating
the original reference voltage, and outputs a first original
reference voltage of the plurality of original reference volt-
ages; a second digital-to-analog converter circuit of the
plurality of digital-to-analog converter circuits divides the
reference voltage generating voltage by a voltage divider
circuit for generating the original reference voltage, and
outputs a second original reference voltage of the plurality
of original reference voltages; and voltage divider circuits
for generating the original reference voltages of the other
digital-to-analog converter circuits of the plurality of digital-
to-analog converter circuits are connected in series with
each other, and the first original reference voltage and the
second original reference voltage are input to both ends,
respectively, of the other digital-to-analog converter circuits.

[0025] With the above-described composition of the driv-
ing circuit, it is possible to correct light emission character-
istics variously by the original reference voltage setting data.
That is, it is possible to correct the light emission charac-
teristics different for different colors by setting the original
reference voltage setting data for each color, correct the light
emission characteristics varied between products by setting
the original reference voltage setting data for each product,
and correct change in the light emission characteristics with
the passage of time by setting the original reference voltage
setting data in such a manner as to correspond to the change
in the light emission characteristics.

[0026] Moreover, the original reference voltages output by
the other digital-to-analog converter circuits can be varied in
only ranges of the respective candidate voltages generated
by a series connection of the voltage divider circuits for
generating the original reference voltages. Thus, even when
the original reference voltage setting data is set erroneously
due to noise, it is possible to effectively avoid significant
change in a gamma characteristic, and thereby prevent
significant degradation in image quality due to the noise. In
addition, since these original reference voltages change so as
to follow change in the first original reference voltage and
the second original reference voltage, it is possible to omit
a process of resetting the original reference voltages accord-
ing to the change in the first original reference voltage and
the second original reference voltage, and thus simplify an
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adjustment operation by omitting a calculation process for
these other digital-to-analog converter circuits.

[0027] According to another aspect of the present inven-
tion, there is provided a flat display device for displaying an
image on a basis of image data, the flat display device
including: a display unit formed by arranging pixels in a
form of a matrix; and a horizontal driving circuit for driving
signal lines of the display unit by driving signals; wherein
the horizontal driving circuit includes: an original reference
voltage generating circuit for generating a plurality of origi-
nal reference voltages; a reference voltage generating circuit
formed by connecting a plurality of voltage divider circuits
in series with each other, the voltage divider circuits being
each formed by connecting a plurality of resistances in series
with each other, the original reference voltages being input-
ted to both ends of the voltage divider circuits and between
the voltage divider circuits, respectively, the reference volt-
age generating circuit outputting a plurality of reference
voltages as voltages divided by the plurality of voltage
divider circuits; and a plurality of selecting circuits for
outputting the driving signals by receiving the plurality of
reference voltages and selecting and outputting the reference
voltages according to the image data for corresponding
signal lines, and wherein the original reference voltage
generating circuit includes a plurality of digital-to-analog
converter circuits for generating the original reference volt-
ages by generating a plurality of candidate voltages for the
original reference voltages by voltage divider circuits for
generating the original reference voltages and selecting and
outputting the candidate voltages according to original ref-
erence voltage setting data, a first digital-to-analog converter
circuit of the plurality of digital-to-analog converter circuits
dividing a reference voltage generating voltage by a voltage
divider circuit for generating the original reference voltage,
and outputting a first original reference voltage, a second
digital-to-analog converter circuit of the plurality of digital-
to-analog converter circuits dividing the reference voltage
generating voltage by a voltage divider circuit for generating
the original reference voltage, and outputting a second
original reference voltage, voltage divider circuits for gen-
erating the original reference voltages of the other digital-
to-analog converter circuits of the plurality of digital-to-
analog converter circuits being connected in series with each
other, and the first original reference voltage and the second
original reference voltage being input to both ends, respec-
tively, of the other digital-to-analog converter circuits.

[0028] With the above-described composition, it is pos-
sible to provide a flat display device that makes it possible
to set light emission characteristics variously, effectively
avoid significant degradation in image quality due to noise,
and further simplify an adjustment operation.

[0029] According to the present invention, it is possible to
provide a driving circuit, and a flat display device using the
driving circuit that make it possible to correct light emission
characteristics variously, effectively avoid significant deg-
radation in image quality due to noise, and further simplify
an adjustment operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a block diagram showing an original
reference voltage generating circuit and a reference voltage
generating circuit of a PDA according to an embodiment of
the present invention;
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[0031] FIG. 2 is a block diagram showing the PDA
according to the embodiment of the present invention;

[0032] FIG. 3 is a block diagram showing an original
reference voltage setting circuit in FIG. 1,

[0033] FIG. 4 is a characteristic curve diagram of assis-
tance in explaining a gamma characteristic in the PDA of
FIG. 2;

[0034] FIG. 5 is a characteristic curve diagram of assis-
tance in explaining effects of noise in the PDA of FIG. 2;

[0035] FIG. 6 is a characteristic curve diagram of assis-
tance in explaining dynamic range adjustment in the PDA of
FIG. 2;

[0036] FIG. 7 is a characteristic curve diagram of assis-
tance in explaining examples of setting of gamma charac-
teristics in the PDA of FIG. 2;

[0037] FIG. 8 is a block diagram showing a related-art
liquid crystal display device;

[0038] FIG. 9 is a block diagram showing a horizontal
driving circuit in the liquid crystal display device of FIG. 8
in conjunction with a peripheral configuration;

[0039] FIGS. 10A, 10B, 10C, 10D, 10E, and 10F are time
charts of assistance in explanation of FIG. 9;

[0040] FIG. 11 is a block diagram showing an original
reference voltage generating circuit and a reference voltage
generating circuit in the horizontal driving circuit and a
controller in FIG. 9;

[0041] FIG. 12 is a characteristic curve diagram of assis-
tance in explaining a gamma characteristic in the liquid
crystal display device of FIG. §;

[0042] FIG. 13 is a block diagram showing an example of
setting of original reference voltages according to original
reference voltage setting data;

[0043] FIG. 14 is a characteristic curve diagram of assis-
tance in explaining a gamma characteristic in the example of
FIG. 13,

[0044] FIG. 15 is a characteristic curve diagram of assis-
tance in explaining effects of noise in the example of FIG.
13; and

[0045] FIG. 16 is a characteristic curve diagram of assis-
tance in explaining dynamic range adjustment in the
example of FIG. 13.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0046] A preferred embodiment of the present invention
will hereinafter be described in detail with reference to the
drawings as appropriate.

[0047] (1) Configuration of Embodiment

[0048] FIG. 2 is a block diagram showing a PDA (Per-
sonal Digital Assistant) according to the embodiment of the
present invention. A controller 43 as processing means in an
apparatus main unit 42 of the PDA 41 executes a predeter-
mined processing procedure in response to an operation of
an operating element to thereby display various images on a
display unit 44. Incidentally, in FIG. 2, the same compo-
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nents as in FIG. 8§ and FIG. 9 are identified by correspond-
ing reference numerals, and repeated description thereof will
be omitted.

[0049] The display unit 44 in the present embodiment is a
color image display panel formed by arranging pixels each
formed by an organic EL element in a form of a matrix. The
display unit 44 selects pixels in a unit of a line by a vertical
driving circuit not shown in the figure using a gate line
connected to each pixel, and sets a gradation level of each
pixel by driving a signal line SIG.

[0050] At the time of shipment of the PDA 41 from a
factory, characteristics of light emission in each color on the
display unit 44 formed by organic EL elements are mea-
sured. On the basis of a result of the measurement, original
reference voltage setting data DV specifying settings of
original reference voltages VRT, VB to VG, and VRB
described above with reference to FIG. 11 is recorded in a
memory 50. Thus, by using the original reference voltage
setting data DV, variations in characteristics of light emis-
sion in each color and variations in characteristics of light
emission between products can be corrected, whereby dis-
play images can be displayed with a correct white balance
and correct color reproducibility.

[0051] Of the original reference voltages VRT, VB to VG,
and VRB in the present embodiment, the highest original
reference voltage VRT and the lowest original reference
voltage VRB correspond to gradations of a black level and
a white level, respectively. The two original reference volt-
ages VRT and VRB will hereinafter be referred to as the
black level original reference voltage VRT and the white
level original reference voltage VRB, respectively, as appro-
priate. Correspondingly the original reference voltage set-
ting data DV corresponding to the black level original
reference voltage VRT and the white level original reference
voltage VRB will be referred to as black level original
reference voltage setting data and white level original ref-
erence voltage setting data, and identified by references
DVVRT and DVVRB, respectively, as appropriate. Corre-
spondingly the original reference voltage setting data DV for
the other original reference voltages VB to VG than the
black level original reference voltage VRT and the white
level original reference voltage VRB will be identified by
references DVVB to DVVG. Thus the memory 50 retains
the black level original reference voltage setting data
DVVRT, the white level original reference voltage setting
data DVVRB, and the other original reference voltage
setting data DVVB to DVVG.

[0052] The PDA 41 can adjust the white balance, black
level, and white level of the display unit 44 by executing a
predetermined process procedure by the controller 43
according to a preference of a user and so as to be able to
deal with a change in light emission characteristics with the
passage of time. A result of the adjustment is recorded and
retained in a memory 45, and display of the display unit 44
is set by the result of the adjustment. In the PDA 41,
correction data D2 of the black level original reference
voltage setting data DVVRT and the white level original
reference voltage setting data DVVRB of the original ref-
erence voltage setting data DVVRT, DVVB to DVVG, and
DVVRB recorded in the memory 50 at the time of shipment
from the factory is recorded and retained for each color in
the memory 45 in a form of differential data ADVVRT and
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ADVVRB corresponding to the original reference voltage
setting data DVVRT and DVVRB. The correction data D2
recorded in the memory 45 is output to a controller 47 in
timing corresponding to processing of the controller 47.
Thus the PDA 41 records and retains the result of adjustment
of the white balance and the like, and sets the display of the
display unit 44 by the result of adjustment.

[0053] The controller 47 is formed by an integrated cir-
cuit. The controller 47 time-division-multiplexes image data
DR, DG, and DB for each color output from the apparatus
main unit 42 in a line unit, and then outputs image data D1
for one system. Also, the controller 47 corrects the original
reference voltage setting data DV on the basis of the
correction data D2 output from the controller 43 of the
apparatus main unit 42, and then outputs the result to a
horizontal driving circuit 55.

[0054] Specifically, a timing generator (TG) 58 in the
controller 47 generates and outputs various timing signals
synchronous with the image data D1 and DR to DB. A
memory control circuit §9 controls operation of a memory
60 using the timing signal as a reference. The memory 60
time-division-multiplexes the image data DR, DG, and DB
in a line unit by sequentially storing and outputting the
image data DR to DB output from the apparatus main unit
42, and then outputs the image data D1.

[0055] A memory control circuit 61 controls operation of
the memory 50 to read the original reference voltage setting
data DV from the memory 30 and output the original
reference voltage setting data DV to an original reference
voltage setting circuit 63 in a horizontal scanning period.

[0056] The original reference voltage setting circuit 63
corrects the original reference voltage setting data DV
output from the memory control circuit 61 on the basis of the
correction data D2 output from the controller 43 of the
apparatus main unit 42, and then outputs the corrected
original reference voltage setting data DV. Specifically, as
shown in FIG. 3, the original reference voltage setting
circuit 63 inputs the black level original reference voltage
setting data DVVRT and the white level original reference
voltage setting data DVVRB of the original reference volt-
age setting data DV (DVVRT, DVVB to DVVG, and
DVVRB) input via the memory control circuit 61 to an adder
circuit 63A, where the corresponding correction data D2
(ADVVRT and ADVVRB) output from the apparatus main
unit 42 is added to the black level original reference voltage
setting data DVVRT and the white level original reference
voltage setting data DVVRB. Thereby the black level origi-
nal reference voltage setting data DVVRT and the white
level original reference voltage setting data DVVRB are
corrected. The black level original reference voltage setting
data DVVRT and the white level original reference voltage
setting data DVVRB thus corrected are input to an encoder
63B, and the other original reference voltage setting data
DVVB to DVVG is input to the encoder 63B via a selector
(SEL) 63C, where the original reference voltage setting data
DVVRT, DVVB to DVVG, and DVVRB is converted into
serial data for output. Incidentally, the original reference
voltage setting circuit 63 can output original reference
voltage setting data separately output from the apparatus
main unit 42 in place of the original reference voltage setting
data DVVB to DVVG thus output from the memory control
circuit 61 by setting the selector 63C.
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[0057] In this series of processes, the original reference
voltage setting circuit 63 generates and outputs the original
reference voltage sctting data DV so as to correspond to
driving of signal lines SIG in the horizontal driving circuit
55. The display unit 44 in the present embodiment combines
ared, a green, and a blue pixel contiguous with each other
in a horizontal direction into one set, and drives the pixel set
by one driving signal on a time division basis. Thus the
original reference voltage setting circuit 63 selects and
outputs the original reference voltage setting data DV for the
image data DR, DG, and DB for red, green, and blue,
respectively, in one horizontal scanning period.

[0058] The horizontal driving circuit 55 is formed by an
integrated circuit separate from the controller 47. The hori-
zontal driving circuit 55 distributes the image data D1 output
from the controller 47 to each set of a red, a green, and a blue
pixel contiguous with each other in the horizontal direction
as described above by a shift register 13, and then subjects
the distributed image data D1 to a digital-to-analog conver-
sion process by digital-to-analog converter circuits 15A to
15N formed by a selector. The horizontal driving circuit 55
amplifies driving signals resulting from the digital-to-analog
conversion process by amplifier circuits 16A to 16N, respec-
tively, and then outputs the driving signals to the display unit
44. The display unit 44 distributes the output signals of the
amplifier circuits 16 A to 16N to signal lines SIG by selectors
17A to 17N, respectively.

[0059] The horizontal driving circuit 55 generates refer-
ence voltages V1 to V64 of the digital-to-analog converter
circuits 15A to 15N involved in such a series of processes by
an original reference voltage generating circuit 70 and a
reference voltage generating circuit 69 according to the
original reference voltage setting data DV.

[0060] FIG. 1 is a block diagram showing the original
reference voltage generating circuit 70 and the reference
voltage generating circuit 69. In this case, the reference
voltage generating circuit 69 is formed in the same manner
as the reference voltage generating circuit 14 described
above with reference to FIG. 11 except that the amplifier
circuits 27A to 27H are omitted in the reference voltage
generating circuit 69. The reference voltage generating
circuit 69 gencrates the reference voltages V1 to V64 by
resistance voltage division from the original reference volt-
ages VRT, VB to VG, and VRB output from the original
reference voltage generating circuit 70, and then outputs the
reference voltages V1 to V64.

[0061] The original reference voltage generating circuit 70
generates the original reference voltages VRT, VB to VG,
and VRB by digital-to-analog converter circuits (D/A) 71A
to 71H, respectively, according to the original reference
voltage setting data DV.

[0062] Of the digital-to-analog converter circuits 71A to
71H, the digital-to-analog converter circuits 71A and 71H
for generating the black level original reference voltage VRT
and the white level original reference voltage VRB each
generate a plurality of candidate voltages for the original
reference voltage by dividing a reference voltage generating
voltage VCOM by voltage divider circuits 72A and 72H.
The voltage divider circuits 72A and 72H are formed by a
series circuit of a plurality of resistances having an equal
resistance value. The voltage divider circuits 72A and 72H
divide the reference voltage generating voltage VCOM by a
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resolution corresponding to the number of bits of the origi-
nal reference voltage setting data DV, and then outputs the
result. In the present embodiment, the original reference
voltage setting data DV is formed by six bits, and the
reference voltage generating voltage VCOM is set at 5 [V].
Thus the voltage divider circuits 72A and 72H output 64
candidate voltages that differ from each other in voltage
value by a unit of about 80 [mV] (5 [V]/64).

[0063] Selectors 73A and 73H select and output the 64
candidate voltages output from the voltage divider circuits.
72A and 72H, respectively, according to the black level
original reference voltage sctting data DVVRT and the white
level original reference voltage setting data DVVRB,
respectively. The selectors 73A and 73H output the black
level original reference voltage VRT and the white level
original reference voltage VRB thus generated via amplifier
circuits 74A and 74H, respectively.

[0064] As with the digital-to-analog converter circuits
71A and 71H, the other digital-to-analog converter circuits
71B to 71G than the digital-to-analog converter circuits 71A
and 71H respectively generate a plurality of candidate
voltages for the original reference voltages VB to VG by
resistance voltage division by voltage divider circuits 72B to
72G, select the plurality of candidate voltages by selectors
73B to 73G, respectively, according to the original reference
voltage setting data DV, and then output the original refer-
ence voltages VB to VG. The voltage divider circuits 72B to
72G of the digital-to-analog converter circuits 71B to 71G,
the voltage divider circuits 72B to 72G being used to
generate the candidate voltages for the original reference
voltages VB to VG, are connected in series with each other
between the digital-to-analog converter circuits 71B to 71G,
and are connected to the black level original reference
voltage VRT and the white level original reference voltage
VRB generated by the digital-to-analog converter circuits
71A and 71H.

[0065] Hence, as shown in FIG. 4, of the original refer-
ence voltages VRT, VB to VG, and VRB, the original
reference voltages VB to VG excluding the black level
original reference voltage VRT and the white level original
reference voltage VRB are varied only in a range of the
candidate voltages output from the voltage divider circuits
72B to 72G connected in series with each other. Thus, as
shown in FIG. 5 in contrast with FIG. 4, even when the
original reference voltage setting data DV is erroneously set
due to the mixing in of noise, the PDA 41 can prevent output
of driving signals with extreme gamma characteristics and
thereby prevent significant degradation in image quality due
to the noise.

[0066] In addition, since both ends of the voltage divider
circuits 72B to 72G thus connected in series with each other
are connected to the original reference voltages VRT and
VRB as a first original reference voltage and a second
original reference voltage, when the original reference volt-
ages VRT and VRB are changed to correct variations in light
emission characteristics between colors and variations in
light emission characteristics between products by dynamic
range adjustment and black level adjustment, the original
reference voltages VB to VG also change so as to follow the
change in the original reference voltages VRT and VRB by
resistance voltage division ratios of the voltage divider
circuits 72B to 72G connected in series with cach other, as
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shown in FIG. 6 in contrast with FIG. 4. It is therefore
possible to omit a process of resetting the original reference
voltages VB to VG, and thus simplify an adjustment opera-
tion by omitting a calculation process for these other digital-
to-analog converter circuits.

[0067] Specifically, letting RB to RG be resistance values
of the voltage divider circuits 72B to 72G, the following
relations can be obtained for the original reference voltage
VB output from the digital-to-analog converter circuit 71B,
using the original reference voltages VRT and VRB. In the
equations, Radj is a resistance value between a terminal of
the voltage divider circuit 72B on the side of the original
reference voltage VRB to a terminal for a divided voltage
output of the voltage divider circuit 72B which output is
selected by the selector 73B as shown in FIG. 1, and Ais a
coefficient of a desired gamma characteristic.

VB = (VRT - VRB)X A + VRB (1)

Radj+ RC+ RD+ RE+ RF+RG  VB-VRB @)
RB+RC+RD+RE+RF+RG ~ VRT—VRB

[0068] The following equation can be obtained by deter-
mining Radj from these relations. It is thereby understood
that even when the original reference voltages VRT and
VRB are changed, the output of the voltage divider circuit
72B which output is selected by the selector 73B is retained
at a position corresponding to the coefficient A of the gamma
characteristic and does not require any change.

Radj=(RB+ RC+ RD+ RE+RF+RG)X 3)

VB - VRB RC+RD+RE+RF +RG
VRT-VRB RB+RC+RD+RE+RF+RG

=(RB+ RC+ RD + RE+ RF + RG) x

A—=(RC+RD+RE+ RF + RG)

[0069] The original reference voltage generating circuit 70
outputs the original reference voltages VB to VG output
from the digital-to-analog converter circuits 71B to 71G to
the reference voltage generating circuit 69 via amplifier
circuits 74B to 74G together with the black level original
reference voltage VRT and the white level original reference
voltage VRB.

[0070] A decoder 75 sequentially captures the original
reference voltage setting data DV as serial data output from
the controller 47. The decoder 75 distributes and outputs the
original reference voltage setting data DV to the digital-to-
analog converter circuits 71A to 71H in timing correspond-
ing to changing of contacts in the selectors 17A to 17N.

[0071] FIG. 7 is a characteristic curve diagram showing
examples of gamma characteristics thus realized. In the
present embodiment, as compared with a characteristic
curve indicated by a reference L1A, for example, a gamma
characteristic can be varied by setting the original reference
voltage setting data DV as indicated by a reference L2A. It
is thus possible to display a desired image with a desired
gamma characteristic. Also, the black level and the white
level are set for each color and each product by setting the
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black level original reference voltage setting data DVVRT
and the white level original reference voltage setting data
DVVRB so as to deal with variations in characteristics of
light emission in each color and of each product and changes
in the light emission characteristics with the passage of time.
Further, gamma characteristics of the liquid crystal display
panel which characteristics are indicated by a reference 1.3
and a reference 14 can also be realized by storing two kinds
of data in the memory 50 for correspondence with line
reversal or selecting correction data D2 corresponding to
line reversal.

[0072] Thus, in the present embodiment, the original ref-
erence voltage generating circuit 70 constitutes an original
reference voltage generating circuit for generating a plural-
ity of original reference voltages VRT, VB to VG, and VRB.
The reference voltage generating circuit 69 constitutes a
reference voltage generating circuit formed by connecting a
plurality of voltage divider circuits R1 to R7 in series with
each other, the voltage divider circuits being each formed by
connecting a plurality of resistances in series with each
other, the original reference voltages VRT, VB to VG, and
VRB being inputted to both ends of the voltage divider
circuits R1 to R7 and between the voltage divider circuits R1
to R7, the reference voltage generating circuit outputting a
plurality of reference voltages V1 to V64 as voltages divided
by the plurality of voltage divider circuits R1 to R7. The
digital-to-analog converter circuits 15A to 15N constitute a
plurality of selecting circuits for outputting driving signals
by receiving the plurality of reference voltages V1 to V64
and selecting and outputting the reference voltages V1 to
V64 according to image data D1 for corresponding signal
lines SIG. The decoder 75 constitutes an input circuit for
inputting original reference voltage setting data DV for
specifying settings of the original reference voltages. The
digital-to-analog converter circuits 71A to 71H 1in the origi-
nal reference voltage generating circuit 70 constitute a
plurality of digital-to-analog converter circuits for generat-
ing the original reference voltages VRT, VB to VG, and
VRB by generating a plurality of candidate voltages for the
original reference voltages VRT, VB to VG, and VRB by
voltage divider circuits 72A and 72H for generating the
original reference voltages and selecting and outputting the
candidate voltages according to the original reference volt-
age sctting data DV. The digital-to-analog converter circuit
71A of the digital-to-analog converter circuits divides a
reference voltage generating voltage VCOM by the original
reference voltage generating voltage divider circuit 72A,
and outputs the first original reference voltage VRT among
the plurality of original reference voltages VRT, VB to VG,
and VRB. The digital-to-analog converter circuit 71H
divides the reference voltage generating voltage VCOM by
the original reference voltage generating voltage divider
circuit 72H, and outputs the second original reference volt-
age VRB among the plurality of original reference voltages
VRT, VB to VG, and VRB. The original reference voltage
generating voltage divider circuits 72B to 72G of the other
digital-to-analog converter circuits 71B to 71G are con-
nected in series with each other, and the first original
reference voltage VRT and the second original reference
voltage VRB are input to both ends of the original reference
voltage generating voltage divider circuits 72B to 72G.

[0073] The memory control circuit 59 and the memory 60
constitute a time division multiplexing circuit for time-
division-multiplexing image data for pixels of each color
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such that image data for pixels of a same color is contiguous
in a line unit, and inputting the time-division-multiplexed
image data to a horizontal driving circuit. The original
reference voltage setting circuit 63 constitutes a data chang-
ing circuit for changing the original reference voltage setting
data DV so as to correspond to changing of color of the
time-division-multiplexed image data. The selectors 17A to
17N constitute a selecting circuit for changing output of the
driving signals so as to correspond to the changing of the
color of the image data.

[0074]

[0075] Inthe above-described configuration of the PDA 41
(FIG. 2), image data DR to DB used for display is input
from the apparatus main unit 42 to the controller 47. The
controller 47 subjects the image data DR to DB to a time
division multiplexing process via the memory 60 such that
image data for a same color is contiguous in a line unit, and
inputs image data D1 as a result of the process to the
horizontal driving circuit 55. In the horizontal driving circuit
55, the image data D1 is captured into the shift register 13,
and then image data for the same color is input into the
digital-to-analog converter circuits 15A to 15N in parallel in
a line unit. The image data is converted into driving signals
by a digital-to-analog conversion process in the digital-to-
analog converter circuits 15A to 15N. The driving signals
are input to the selectors 17A to 17N via the amplifier
circuits 16A to 16N, respectively. Thus the image data D1 is
distributed to combinations of red, green, and blue pixels
among pixels formed by organic EL elements repeated
sequentially and cyclically in the horizontal direction in
order of red, green, and blue in the display unit 44. The
image data D1 is thereafter converted into driving signals.
The driving signals are distributed to signal lines SIG for
red, green, or blue pixels by the selectors 17A to 17N. Thus
the PDA 41 sets a gradation level of each pixel by the image
data DR to DB, and thereby displays a desired image.

[0076] The original reference voltage generating circuit 70
(FIG. 1) generates a plurality of original reference voltages
VRT, VB to VG, and VRB. The reference voltage generating
circuit 69 as a resistance series circuit formed by connecting
a plurality of voltage divider circuits R1 to R7 in series with
each other, the voltage divider circuits being each formed by
connecting a predetermined number of resistances in series
with each other, form reference voltages V1 to V64 by
dividing the original reference voltages VRT, VB to VG, and
VRB. The digital-to-analog converter circuits 15A to 15N
perform digital-to-analog conversion processing on the
image data D1 by selecting the reference voltages V1 to
V64, and thereby generate driving signals. Thus the driving
signals are generated on the basis of a gamma characteristic
obtained by line graph approximations set by the original
reference voltages VRT, VB to VG, and VRB, and then an
image is displayed.

[0077] With the organic EL elements, since light emission
characteristics differ for each color and each product, and
also the light emission characteristics change with the pas-
sage of time, in order to thus generate the driving signals by
subjecting the image data DR to DB to the digital-to-analog
conversion process, the reference voltages V1 to V64 based
on the thus set gamma characteristic need to be set for each
color and each product, and corrected so as to deal with the
change with the passage of time.

(2) Operation of Embodiment
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[0078] Hence, the light emission characteristics of the
PDA 41 are measured for each color and each product, and
original reference voltage setting data DV specifying set-
tings of the original reference voltages VRT, VB to VG, and
VRB is recorded and retained in the memory 50 (FIG. 2) so
as to be able to secure a desired light emission characteristic
on the basis of a result of the measurement. Also, correction
data D2 for correcting the black level original reference
voltage VRT and the white level original reference voltage
VRB among the original reference voltages VRT, VB to VG,
and VRB is recorded in the memory 45. The original
reference voltage setting circuit 63 in the PDA 41 corrects
the original reference voltage setting data DV by the cor-
rection data D2. Then the original reference voltage setting
circuit 63 sequentially inputs the corrected original reference
voltage setting data DV to the horizontal driving circuit 55
in such a manner as to correspond to time division multi-
plexing for the image data D1.

[0079] The decoder 75 in the horizontal driving circuit 55
(FIG. 1) divides the original reference voltage setting data
DV into pieces of data for the original reference voltages
VRT, VB to VG, and VRB. These pieces of original refer-
ence voltage setting data DV are subjected to digital-to-
analog conversion processing by the digital-to-analog con-
verter circuits 71A to 71H, whereby the original reference
voltages VRT, VB to VG, and VRB are generated.

[0080] Thus, the present embodiment can deal with vari-
ous light emission characteristics by the setting of the
original reference voltage setting data DV. It is therefore
possible to deal with various display panels readily and
quickly. That is, since dynamic range adjustment and black
level adjustment can be made and further the gamma char-
acteristic can be varied by simply changing the data, it is
possible to shorten a development period greatly as com-
pared with the related-art one and further reduce time and
labor required for the development.

[0081] In addition, it is thereby possible to deal flexibly
with variations in the light emission characteristics for each
color and each product and change in the light emission
characteristics with the passage of time, and thus effectively
avoid such variations in the characteristics, and a shift in
white balance and a degradation in color reproducibility due
to the change with the passage of time to provide high-
quality display images.

[0082] Thus light emission characteristics can be cor-
rected in various manners by setting the original reference
voltages VRT, VB to VG, and VRB on the basis of the
original reference voltage setting data DV. In the PDA 41,
the digital-to-analog converter circuits 71A and 71H for the
black level original reference voltage VRT and the white
level original reference voltage VRB divide the reference
voltage generating voltage VCOM by the voltage divider
circuits 72A and 72H, generate a plurality of candidate
voltages for the original reference voltages VRT and VRB,
respectively, select the plurality of candidate voltages
according to the original reference voltage setting data DV,
and thereby generate the original reference voltages VRT
and VRB. Thus the original reference voltages VRT and
VRB can be set variously between the reference voltage
generating voltage VCOM and a ground potential.

[0083] On the other hand, in the digital-to-analog con-
verter circuits 71B to 71G for the other original reference



US 2005/0231409 Al

voltages VB to VG, the voltage divider circuits 72B to 72G
are connected in series with each other, and both ends of the
voltage divider circuits 72B to 72G are connected to the
black level original reference voltage VRT and the white
level original reference voltage VRB. In this state, the
voltage divider circuits 72B to 72G generate a plurality of
candidate voltages for the original reference voltages VB to
VG, respectively, by voltage division, and the plurality of
candidate voltages are selected according to the original
reference voltage setting data DV, whereby the original
reference voltages VB to VG are generated.

[0084] Hence, the original reference voltages VB to VG
are maintained so as to be varied only in a range of the
candidate voltages output from the voltage divider circuits
72B to 72G, respectively, connected in series with each
other. Thus, even when the original reference voltage setting
data DV is erroneously set due to the mixing in of noise, the
PDA 41 can prevent output of driving signals with an
extreme gamma characteristic and thereby prevent signifi-
cant degradation in image quality due to the noise.

[0085] In addition, since both ends of the voltage divider
circuits 72B to 72G thus connected in series with each other
are connected to the black level original reference voltage
VRT and the white level original reference voltage VRB,
when the original reference voltages VRT and VRB are
changed to correct variations in light emission characteris-
tics and changes with the passage of time by dynamic range
adjustment and black level adjustment, the original refer-
ence voltages VB to VG also change so as to follow the
change in the original reference voltages VRT and VRB by
resistance voltage division ratios of the voltage divider
circuits 72B to 72G connected in series with each other. It
is therefore possible to omit a process of resetting the
original reference voltages VB to VG, and thus simplify an
adjustment operation by omitting a calculation process for
these other digital-to-analog converter circuits 71B to 71G
in the PDA 41.

[0086] Further, by thus setting the original reference volt-
ages VRT, VB to VG, and VRB according to the original
reference voltage setting data DV and changing the original
reference voltage setting data DV so as to correspond to the
time division multiplexing process for transmission of the
image data D1, it is possible to share one system of the
original reference voltage generating circuit to process
image data for each color, and thereby simplify a configu-
ration as a whole.

[0087] The PDA 41 outputs the original reference voltage
setting data DV to change the gamma characteristic three
times in all for one line. Therefore, even when the gamma
characteristic is erroneously set due to the mixing in of
noise, the erroneous setting of the gamma characteristic due
to effect of the noise can be limited to one line, which can
also reduce degradation in image quality due to the noise.

[0088] Inthe PDA41, the original reference voltages VRT,
VB to VG, and VRB are thus set according to the original
reference voltage setting data DV, and the original reference
voltage generating circuit for generating the original refer-
ence voltages VRT, VB to VG, and VRB is disposed on the
reference voltage generating circuit side so that the original
reference voltage generating circuit and the reference volt-
age generating circuit are formed integrally with each other
in an integrated circuit. Thus amplifier circuits used for input
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of the original reference voltages VRT, VB to VG, and VRB
can be omitted in the reference voltage generating circuit 69.
Therefore it is possible to correspondingly simplify the
configuration and reduce power consumption. In addition,
since the amplifier circuits are not required, accuracy of the
original reference voltages VRT, VB to VG, and VRB input
to the reference voltage generating circuit can be corre-
spondingly improved. It is thereby possible to improve
accuracy in setting the reference voltages V1 to V64, and
thus improve productivity.

[0089] (3) Effects of Embodiment

[0090] According to the above-described configuration,
original reference voltages are generated by selecting a
plurality of candidate voltages formed by voltage divider
circuits according to original reference voltage setting data.
Reference voltages for digital-to-analog conversion are gen-
erated from the original reference voltages. The original
reference voltages at both ends are generated by dividing a
reference voltage generating voltage by the voltage divider
circuit. The other original reference voltages are generated
with voltage divider circuits connected in series with each
other and the original reference voltages at both ends used
as a reference. It is thereby possible to correct light emission
characteristics variously, effectively avoid significant deg-
radation in image quality due to noise, and simplify an
adjustment operation.

[0091] In addition, by forming the original reference volt-
age generating circuit and the reference voltage generating
circuit integrally with each other in an integrated circuit
together with the other configuration, it is possible to omit
amplifier circuits used for input of the original reference
voltages, correspondingly simplify the configuration as
compared with the related-art one, and further reduce power
consumption.

[0092] In addition, by time-division-multiplexing image
data such that image data for pixels of the same color is
contiguous in a line unit so as to correspond to repetition of
pixels in the display unit, and then transmitting the time-
division-multiplexed image data to drive the display unit,
and by changing the original reference voltages according to
the original reference voltage setting data so as to corre-
spond to the changing of the image data in the time division
multiplexing, it is possible to further reduce degradation in
image quality due to the mixing in of noise.

[0093] Further, by correcting the original reference volt-
age setting data by correction data, it is possible to reliably
correct a change in light emission characteristics with the
passage of time.

[0094] Ttistobe noted that while in the foregoing embodi-
ment, description has been made of a case where the present
invention is applied to a PDA, the present invention is not
limited to this, and is widely applicable to various image
apparatuses.

[0095] The present invention relates to a driving circuit of
a flat display device and a flat display device, and is for
example applicable to a display device using organic EL
elements.

What is claimed is:
1. A driving circuit of a flat display device, said driving
circuit generating driving signals by subjecting image data
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to digital-to-analog conversion processing, and driving sig-
nal lines of a display unit formed by arranging pixels in a
form of a matrix by said driving signals, said driving circuit
comprising:

an original reference voltage generating circuit for gen-
erating a plurality of original reference voltages;

a reference voltage generating circuit formed by connect-
ing a plurality of voltage divider circuits in series with
each other, said voltage divider circuits being each
formed by connecting a plurality of resistances in series
with each other, said original reference voltages being
inputted to both ends of said voltage divider circuits
and between said voltage divider circuits, respectively,
said reference voltage generating circuit outputting a
plurality of reference voltages as voltages divided by
said plurality of voltage divider circuits;

a plurality of selecting circuits for outputting said driving
signals by receiving said plurality of reference voltages
and selecting and outputting the reference voltages
according to said image data for corresponding signal
lines; and

an input circuit for inputting original reference voltage
setting data for specifying settings of said original
reference voltages;

wherein said original reference voltage generating circuit
includes a plurality of digital-to-analog converter cir-
cuits for generating said original reference voltages by
generating a plurality of candidate voltages for said
original reference voltages by voltage divider circuits
for generating the original reference voltages and
selecting and outputting the candidate voltages accord-
ing to said original reference voltage setting data; and

a first digital-to-analog converter circuit of said plurality
of digital-to-analog converter circuits divides a refer-
ence voltage generating voltage by a voltage divider
circuit for generating said original reference voltage,
and outputs a first original reference voltage of said
plurality of original reference voltages;

a second digital-to-analog converter circuit of said plu-
rality of digital-to-analog converter circuits divides
said reference voltage generating voltage by a voltage
divider circuit for generating said original reference
voltage, and outputs a second original reference voltage
of said plurality of original reference voltages; and

voltage divider circuits for generating said original refer-
ence voltages of the other digital-to-analog converter
circuits of said plurality of digital-to-analog converter
circuits are connected in series with each other, and said
first original reference voltage and said second original
reference voltage are input to both ends, respectively,
of the other digital-to-analog converter circuits.

2. A driving circuit of a flat display device as claimed in

claim 1,

wherein said original reference voltage generating circuit,
said reference voltage generating circuit, said selecting
circuits, and said input circuit are formed integrally
with each other in an integrated circuit.
3. A driving circuit of a flat display device as claimed in
claim 1,
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wherein image data for said pixels of each color is
time-division-multiplexed and input such that image
data for said pixels of a same said color is contiguous
in a line unit; and

said original reference voltage generating circuit changes
said original reference voltages so as to correspond to
changing of color of the time-division-multiplexed and
input said image data.

4. Aflat display device for displaying an image on a basis

of image data, said flat display device comprising:

a display unit formed by arranging pixels in a form of a
matrix; and

a horizontal driving circuit for driving signal lines of said
display unit by driving signals;

wherein said horizontal driving circuit includes:

an original reference voltage generating circuit for gen-
erating a plurality of original reference voltages;

a reference voltage generating circuit formed by connect-
ing a plurality of voltage divider circuits in series with
each other, said voltage divider circuits being each
formed by connecting a plurality of resistances in series
with each other, said original reference voltages being
inputted to both ends of said voltage divider circuits
and between said voltage divider circuits, respectively,
said reference voltage generating circuit outputting a
plurality of reference voltages as voltages divided by
said plurality of voltage divider circuits; and

a plurality of selecting circuits for outputting said driving
signals by receiving said plurality of reference voltages
and selecting and outputting the reference voltages
according to said image data for corresponding signal
lines, and

wherein said original reference voltage generating circuit
includes a plurality of digital-to-analog converter cir-
cuits for generating said original reference voltages by
generating a plurality of candidate voltages for said
original reference voltages by voltage divider circuits
for generating the original reference voltages and
selecting and outputting the candidate voltages accord-
ing to original reference voltage setting data,

a first digital-to-analog converter circuit of said plurality
of digital-to-analog converter circuits dividing a refer-
ence voltage generating voltage by a voltage divider
circuit for generating said original reference voltage,
and outputting a first original reference voltage,

a second digital-to-analog converter circuit of said plu-
rality of digital-to-analog converter circuits dividing
said reference voltage generating voltage by a voltage
divider circuit for generating said original reference
voltage, and outpuiting a second original reference
voltage,

voltage divider circuits for generating said original refer-
ence voltages of the other digital-to-analog converter
circuits of said plurality of digital-to-analog converter
circuits being connected in series with each other, and
said first original reference voltage and said second
original reference voltage being input to both ends,
respectively, of the other digital-to-analog converter
circuits.
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5. A flat display device as claimed in claim 4, further
comprising:

a time division multiplexing circuit for time-division-
multiplexing image data for said pixels of each color
such that image data for said pixels of a same said color
is contiguous in a line unit, and inputting the time-
division-multiplexed image data to said horizontal
driving circuit; and

a data changing circuit for changing said original refer-
ence voltage setting data so as to correspond to chang-
ing of color of said time-division-multiplexed image
data;

11
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wherein said horizontal driving circuit further includes a
selecting circuit for changing output of said driving
signals so as to correspond to the changing of the color
of said image data.

6. A flat display device as claimed in claim 5,

wherein said data changing circuit generates said original
reference voltage setting data by correcting said origi-
nal reference voltage setting data by correction data for
correcting change in said display unit with passage of
time.
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