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(57)  Aluminance control method for an organic EL
display comprises a first step of calculating a luminance
accumulation value for each screen on the basis of a
video input signal, and a second step of controlling the

ORGANIC EL DISPLAY LUMINANCE CONTROL METHOD AND LUMINANCE CONTROL

amplitude of the video input signal on the basis of the
luminance accumulation value calculated in the first
step and feeding to the organic EL display the video sig-
nal whose amplitude has been controlled.
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Description
Technical Field

[0001] The present invention relates to a luminance
control method and a luminance control circuit for an or-
ganic electroluminescence (EL) display and a portable
telephone set comprising the organic EL display.

Background Art

[0002] Examples of organic EL displays include pas-
sive-type ones having a simple matrix structure and ac-
tive-type ones using a TFT (Thin Film Transistor).
[0003] Fig. 1illustrates the basic pixel structure of the
active type organic EL display.

[0004] A circuit corresponding to one pixel in the ac-
tive type organic EL display comprises a switching TFT
101, a capacitor 102, a driving TFT 103, and an organic
EL element 104.

[0005] A display signal Data(Vin) is applied to the
drain of the switching TFT 101 through a display signal
line 111. A selection signal SCAN is applied to the base
of the switching TFT 101 through a selection signal line
112. The switching TFT 101 has its source connected
to the base of the driving TFT 103 and grounded through
the capacitor 102.

[0006] A driving power supply voltage Vdd is applied
to the drain of the driving TFT 103 through a power sup-
ply line 113. The driving TFT 103 has its source con-
nected to the anode of the organic EL element 104. The
cathode of the organic EL element 104 is grounded.
[0007] The switching TFT 101 is subjected to ON/OFF
control by the selection signal SCAN. The capacitor 102
is charged by the display signal Data (Vin) fed through
the switching TFT 101 when the switching TFT 101 is
turned on. The capacitor 102 holds a charging voltage
when the switching TFT 101 is turned off. The driving
TFT 103 supplies to the organic EL element 104 a cur-
rent corresponding to the voltage, held in the capacitor
102, which is applied to the base thereof.

[0008] Fig. 2 illustrates the relationship between the
display signal Data(Vin) and a light-emitting luminance
(a driving current) of the organic EL element 104 in the
basic pixel structure shown in Fig. 1.

[0009] InFig. 2, RefW and RefB respectively indicate
a white-side reference voltage for defining a light-emit-
ting luminance corresponding to the white level of an
input signal and a black-side reference voltage for de-
fining a light-emitting luminance corresponding to the
black level of the input signal.

[0010] Inthe above-mentioned active type organic EL
display, a large current flows through the organic EL el-
ement 104 with respect to an image which is bright on
the whole screen. When the large current flows through
the organic EL element 104, power consumption is in-
creased. When the large current continues to flow
through the organic EL element 104, the degradation of
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the performance thereof is advanced.

[0011] Therefore, a technique for detecting the cur-
rent flowing into the cathode of the organic EL element
104, and controlling the power supply voltage Vdd of
the organic EL element 104 in response to the value of
the detected current, thereby reducing the power supply
voltage to reduce a driving current when the overall
screen is bright, for example, has been developed (see
JP-A-2000-267628).

[0012] The control of the power supply voltage by the
above-mentioned prior art is feedback control for con-
trolling the power supply voltage Vdd of the organic EL
element 104 in response to the value of the detected
current. In the case of the feedback control, when the
brightness of a video is rapidly changed, for example,
excessive control easily occurs. In the case, a lumi-
nance varies in a short period, which is so-called "hunt-
ing".

[0013] An object of the present invention is to provide
aluminance control method and a luminance control cir-
cuit for an organic EL display capable of achieving pow-
er saving as well as restraining the degradation in the
performance of an organic EL element and capable of
preventing "hunting" from occurring.

[0014] Another object of the present invention is to
provide a portable telephone set capable of changing
the display luminance of an organic EL display depend-
ing on peripheral brightness.

[0015] A further object of the present invention is to
provide a portable telephone set capable of changing
the display luminance of an organic EL display depend-
ing on the direction of a portable telephone set.

Disclosure of Invention

[0016] A luminance control method for an organic EL
display according to the present invention is character-
ized by comprising a first step of calculating a luminance
accumulation value for each screen on the basis of a
video input signal; and a second step of controlling, the
amplitude of the video input signal on the basis of the
luminance accumulation value calculated in the first
step, and feeding to the organic EL display the video
signal whose amplitude has been controlled.

[0017] In the second step, the amplitude of the video
input signal is controlled so as to be reduced when the
luminance accumulation value calculated in the first
step is large.

[0018] When the video input signal is a digital video
signal, a reference voltage supplied to a digital-to-ana-
log (DA) converter for converting the digital video input
signal into an analog video signal is controlled on the
basis of the luminance accumulation value calculated in
the first step, to control the amplitude of the video input
signal in the second step.

[0019] The reference voltage supplied to the digital-
to-analog converter includes a black-side reference
voltage for defining a light-emitting luminance corre-
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sponding to the black level of the input signal and a
white-side reference voltage for defining a light-emitting
luminance corresponding to the white level of the input
signal, and in the second step, the white-side reference
voltage is controlled on the basis of the luminance ac-
cumulation value calculated in the first step.

[0020] A luminance control circuit for an organic EL
display according to the present invention is character-
ized by comprising a digital-to-analog converter for con-
verting a digital video input signal into an analog video
output signal on the basis of input/output characteristics
defined by a given reference voltage, and feeding the
analog video output signal to the organic EL display; and
a reference voltage control circuit for controlling the ref-
erence voltage supplied to the digital-to-analog convert-
er on the basis of the digital video input signal, and in
that the reference voltage control circuit comprises a lu-
minance accumulation value calculation circuit for cal-
culating a luminance accumulation value for each
screen on the basis of the digital video input signal, and
a voltage control circuit for controlling the reference volt-
age supplied to the digital-to-analog converter on the
basis of the luminance accumulation value calculated
by the luminance accumulation value calculation circuit.
[0021] The reference voltage supplied to the digital-
to-analog converter includes a black-side reference
voltage for defining a light-emitting luminance corre-
sponding to the black level of the input signal and a
white-side reference voltage for defining a light-emitting
luminance corresponding to the white level of the input
signal, and the voltage control circuit controls the white-
side reference voltage on the basis of the luminance ac-
cumulation value calculated by the luminance accumu-
lation value calculation circuit.

[0022] The voltage control circuit controls the white-
side reference voltage such that the light-emitting lumi-
nance corresponding to the white level of the input sig-
nal is reduced when the luminance accumulation value
calculated by the luminance accumulation value calcu-
lation circuit is large.

[0023] The voltage control circuit comprises a gain
calculation circuit for calculating a gain for controlling
the white-side reference voltage on the basis of the lu-
minance accumulation value calculated by the lumi-
nance accumulation value calculation circuit, and a con-
trol circuit for controlling the white-side reference volt-
age on the basis of the gain calculated by the gain cal-
culation circuit.

[0024] The gain calculation circuit has such input/out-
put characteristics that a gain to be outputted is setto a
constant value when the inputted luminance accumula-
tion value is not more than a predetermined value, and
the larger the inputted luminance accumulation value is,
the smaller the gain to be outputted is made when the
inputted luminance accumulation value exceeds the
predetermined value, and the control circuit controls the
white-side reference voltage such that the smaller the
gain is, the lower the light-emitting luminance corre-
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sponding to the white level of the input signal becomes.
[0025] The voltage control circuit comprises a gain
calculation circuit for calculating a first gain for control-
ling the white-side reference voltage on the basis of the
luminance accumulation value calculated by the lumi-
nance accumulation value calculation circuit, a multipli-
cation circuit for multiplying the first gain calculated by
the gain calculation circuit by a second.gain given from
the exterior, and a control circuit for controlling the white-
side reference voltage on the basis of a third gain which
is the result of the multiplication by the multiplication cir-
cuit.

[0026] The gain calculation circuit has such input/out-
put characteristics that a gain to be outputted is setto a
constant value when the inputted luminance accumula-
tion value is not more than a predetermined value, and
the larger the inputted luminance accumulation value is,
the smaller the gain to be outputted is made when the
inputted luminance accumulation value exceeds the
predetermined value, and the control circuit controls the
white-side reference voltage such that the smaller the
third gain is, the lower the light-emitting luminance cor-
responding to the white level of the input signal be-
comes.

[0027] In a portable telephone set comprising a cam-
era having an automatic exposure control function and
an organic EL display, a first portable telephone set ac-
cording to the present invention is characterized by
comprising judgment means for judging peripheral
brightness on the basis of exposure control information
relating to the camera, and display luminance control
means for controlling the display luminance of the or-
ganic EL display on the basis of the peripheral bright-
ness judged by the judgment means.

[0028] The display luminance control means controls
the display luminance of the organic EL display such
that the display. luminance of the organic EL display is
reduced when the peripheral brightness judged by the
judgment means is low, while being increased when the
peripheral brightness judged by the judgment means is
high.

[0029] The exposure control information relating to
the camera is one selected from exposure time informa-
tion and AGC gain information.

[0030] In a portable telephone set comprising an or-
ganic EL display, a second portable telephone set ac-
cording to the present invention is characterized by
comprising detection means for detecting the direction
of a display surface of the organic EL display; and dis-
play luminance control means for controlling the display
luminance of the organic EL display on the basis of the
direction of the display surface of the organic EL display
which is detected by the detection means.

[0031] The display luminance control means controls
the display luminance of the organic EL display such
that the display luminance of the organic EL display is
increased when the display surface of the organic EL
display is directed upward, while being reduced when
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the display surface of the organic EL display is directed
downward.

Brief Description of Drawings
[0032]

Fig. 1 is a circuit diagram showing the basic pixel
structure of an active type organic EL display.

Fig. 2 is a graph showing the relationship between
a display signal Data(Vin) and a light-emitting lumi-
nance (a driving current) of an organic EL element
in the basic pixel structure shown in Fig. 1.

Fig. 3 illustrates the configuration of a luminance
control circuit for an organic EL display according
to a first embodiment of the present invention.
Figs. 4(a) and 4(b) are graphs showing examples
of the input/output characteristics of a gain calcula-
tion circuit 14.

Fig. 5 is a circuit diagram showing a reference volt-
age control circuit corresponding to R.

Fig. 6 is a graph showing the input/output charac-
teristics of a DAC 2.

Fig. 7 illustrates the configuration of a luminance
control circuit for an organic EL display according
to a second embodiment of the present invention.
Fig. 8 is a graph showing an example of the setting
of the input/output characteristics of each of gain
correction circuits 61, 62, and 63.

Fig. 9 is a block diagram showing the schematic
configuration of a portable telephone set according
to a third embodiment of the present invention.
Fig. 10 is a block diagram showing the configuration
of a luminance control circuit provided in a timing
control IC 213 shown in Fig. 9, and an MPU 209 for
controlling a luminance for the whole screen and its
peripheral device.

Fig. 11 is a block diagram showing the schematic
configuration of a portable telephone set according
to a fourth embodiment of the present invention.
Fig. 12 is a block diagram showing the configuration
of a luminance control circuit provided in a timing
control IC 213 shown in Fig. 11, and an MPU 209
for controlling a luminance for the whole screen and
its peripheral device.

Best Mode for Carrying Out the Invention

[0033] Referring now to Figs. 3 to 10, embodiments
of the present invention will be described.

[1] Description of First Embodiment

[0034] Fig. 3 illustrates the configuration of a lumi-
nance control circuit for an organic EL display according
to a first embodiment of the present invention.

[0035] Theluminance control circuit for the organic EL
display comprises a reference voltage control circuit 1
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and a DAC (Digital-to-Analog Converter) 2. Digital video
input signals R _in, G _in, and B _in are fed to the ref-
erence voltage control circuit 1 and are fed to the DAC
2. The reference voltage control circuit 1 controls a ref-
erence voltage supplied to the DAC 2. The reference
voltage supplied to the DAC 2 includes black-side ref-
erence voltages R _RefB, G _RefB, and B _RefB (ge-
nerically referred to as a RefB) and white-side reference
voltages R_RefW, G _RefW, and B _RefW (generically
referred to as RefW), respectively, with respect to colors
R (Red), G (Green), and B (Blue).

[0036] The black-side reference voltage RefB is a ref-
erence voltage for defining a light-emitting luminance
corresponding to the black level of an input signal, and
is fixed in the present embodiment. The white-side ref-
erence voltage RefW is a reference voltage for defining
a light-emitting luminance corresponding to the white
level of an input signal, and is controlled by the reference
voltage control circuit 1 in the present embodiment.
[0037] The DAC 2 respectively converts the digital
video input signals R _in, G_in, and B_in into analog
video output signals R _out, G _out, and B _out on the
basis of input/output characteristics defined by the
black-side reference voltage RefB and the white-side
reference voltage RefW' which are fed from the refer-
ence voltage control circuit 1. The analog video output
signals R _out, G _out, and B _out obtained by the DAC
2 are fed to the organic EL display 3. The analog video
output signals R _out, G _out, and B _out correspond
to the display signal Data(Vin) shown in Fig. 1.

[0038] The reference voltage control circuit 1 com-
prises a luminance signal generation circuit (Y genera-
tion circuit) 11, a luminance accumulation circuit 12, an
LPF (Low-Pass Filter) 13, a gain calculation circuit 14,
a reference voltage control circuit (Ref voltage control
circuit) 15, and a plurality/of DACs 16 to 21 .

[0039] The luminance signal generation circuit 11
generates a luminance signal Y on the basis of the dig-
ital video input signals R _in, G _in, and B _in. The lu-
minance accumulation circuit 12 calculates a luminance
accumulation value for each frame on the basis of the
luminance signal Y generated by the luminance signal
generation circuit 11. The LPF 13 smoothes in the time
direction the luminance accumulation value for each
frame calculated by the luminance accumulation circuit
12. Although the LPF 13 is provided to slowly change a
gain Gain, described later, with a rapid change in bright-
ness, it may be omitted.

[0040] The gain calculation circuit 14 calculates the
gain Gain for controlling the white-side reference volt-
age RefW depending on the luminance accumulation
value for each frame obtained from the LPF 13. Figs. 4
(a) and 4 (b) respectively illustrate examples of input/
output characteristics of the gain calculation circuit 14,
that is, the characteristics of a gain against a luminance
accumulation value for each frame.

[0041] In the characteristics shown in Fig. 4 (a) , the
gain is 1.00 when the luminance accumulation value for
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each frame is 0 to a, and gradually decreases when the
luminance accumulation value for each frame exceeds
a. In the characteristics shown in Fig. 4 (b), the gain is
1. 00 when the luminance accumulation value for each
frame is 0 to b, gently decreases when the luminance
accumulation value for each frame is b to ¢, and some-
what rapidly decreases when the luminance accumula-
tion value for each frame exceeds c.

[0042] The reference voltage control circuit 15 gener-
ates white-side reference voltages R _RefW', G _RefW',
and B _RefW' after control for the colors R, G and B on
the basis of the black-side reference voltages R _RefB,
G _RefB, and B _RefB previously set for the colors R,
G, and B, the white-side reference voltages R _RefW,
G _RefW, and B _RefW previously set for the colors R,
G, and B, and the gain Gain calculated by the gain cal-
culation circuit 14.

[0043] Each of the black-side reference voltages R
_RefB, G _RefB, B _RefB and each of the white-side
reference voltages R _RefW, G _RefW, B _RefW are
respectively fed as digital signals.

[0044] Although the reference voltage control circuit
15 includes reference voltage control circuits respec-
tively corresponding to the colors R, G, and B, their re-
spective configurations are the same. Therefore, de-
scription is herein made of the reference voltage control
circuit corresponding to the color R.

[0045] Fig. 5 illustrates the reference voltage control
circuit corresponding to the color R.

[0046] The reference voltage control circuit compris-
es a subtracter 31, a multiplier 32, and a subtracter 33.
[0047] The subtracter 31 operates the difference (R
_RefB - R _RefW) between the black-side reference
voltage R _RefB corresponding to the color R and the
white-side reference voltage R_RefW corresponding to
the color R. The multiplier 32 multiplies an output of the
subtracter 31 (R _RefB - R _RefW) by the gain Gain.
The subtracter 33 subtracts an output of the multiplier
32 (Gain X (R _RefB - R _RefW)) from the black-side
reference voltage R _RefB, to calculate a white-side ref-
erence voltage R _RefW' after control.

[0048] Whenthegainis 1.00, the white-side reference
voltage R _RefW' after control is equal to the white-side
reference voltage R _RefW. The smaller the gain Gain
becomes, that is, the larger the luminance accumulation
value for each frame becomes, the larger the white-side
reference voltage R _RefW' after control becomes, to
come closer to the black-side reference voltage R
_RefB. That is, the larger the luminance accumulation
value for each frame becomes, the lower a light-emitting
luminance (a driving current), corresponding to the
white level of an input signal, of the organic EL element
becomes.

[0049] The black-side reference voltages R _RefB, G
_RefB, B _RefB are respectively converted into analog
signals by DACs 16, 17, and 18, and are fed to the DAC
2. The white-side reference voltages R _RefW', G
_RefW', B _RefW'after control are respectively convert-
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ed into analog signals by the DACs 19, 20, and 21, and
are fed to the DAC 2.

[0050] Fig. 6 illustrates the input/output characteris-
tics of the DAC 2.

[0051] In Fig. 6, RefW'1 indicates a white-side refer-
ence voltage (= a white-side reference, voltage RefW)
supplied to the DAC 2 when the luminance accumula-
tion value is small (in the case of a dark video). RefW'3
indicates a white-side reference voltage supplied to the
DAC 2 when the luminance accumulation value is large
(in the case of a bright video). RefW'2 indicates a white-
side reference voltage supplied to the DAC 2 when the
luminance accumulation value is an intermediate value
(in the case of a video with intermediate brightness).
[0052] When the white-side reference voltage sup-
plied to the DAC 2 is RefW'1, the input/output charac-
teristics of the DAC 2 are characteristics indicated by a
straight line L1. In this case, when an input signal which
changes from a black level to a white level is periodically
inputted to the DAC 2, an output waveform as indicated
by a curved line S1 is obtained.

[0053] When the white-side reference voltage sup-
plied to the DAC 2 is RefW'3, the input/output charac-
teristics of the DAC 2 are characteristics indicated by a
straight line L3. In this case, when an input signal which
changes from a black level to a white level is periodically
inputted to the DAC 2, an output waveform as indicated
by a curved line S3 is obtained.

[0054] When the white-side reference voltage sup-
plied to the DAC 2 is RefW'2, the input/output charac-
teristics of the DAC 2 are characteristics indicated by a
straight line L2. In this case, when an input signal which
changes from a black level to a white level is periodically
inputted to the DAC 2, an output waveform as indicated
by a curved line S2 is obtained.

[0055] Thatis, itis found by controlling the white-side
reference voltage depending on the luminance accumu-
lation value for each frame that the amplitude of the out-
put signal of the DAC 2 is controlled.

[0056] In the above-mentioned embodiment, when
the input video is a bright video, the amplitude of a video
input signal (display signal) is reduced, thereby reducing
the driving current for the organic EL element. Since the
amplitude of the video input signal is controlled by con-
trolling a reference voltage at the time of digital-to-ana-
log conversion, the gray scale is not reduced.

[0057] Since the amplitude of the video input signal
(display signal) is controlled by feed forward control, no
"hunching" occurs.

[2] Description of Second Embodiment

[0058] Fig. 7 illustrates the configuration of a lumi-
nance control circuit for an organic EL display according
to a second embodiment of the presentinvention. In Fig.
7, the same components as those shown in Fig. 3 are
assigned the same reference numerals and hence, the
description thereof is not repeated.



9 EP 1 469 448 A1 10

[0059] Theluminance control circuit for the organic EL
display according to the second embodiment differs
from the luminance control circuit for the organic EL dis-
play according to the first embodiment in the. following
points.

(1) A multiplier 41 for controlling a luminance for the
whole screen from the exterior is provided in a ref-
erence voltage control circuit 1.

(2) Multipliers 51, 52, and 53 for allowing white bal-
ance control are provided in the reference voltage
control circuit 1.

(3) The characteristics of a light-emitting luminance
corresponding to a display signal differ for colors R,
G, and B, so that gain correction circuits 61, 62, and
63 for correcting a gain Gain are provided for the
colors R, G, and B.

[0060]
tail.
[0061] The gain Gain calculated by a gain calculation
circuit 14 is inputted to the multiplier 41. A whole lumi-
nance control signal W _Gain for controlling the lumi-
nance for the whole screen from the exterior is fed to
the multiplier 41. By controlling the signal W _Gain given
to the multiplier 41, it is possible to make the screen
bright when the display is used in a bright place and to
make the screen dark after an elapse of a predeter-
mined time period.

[0062] An output of the multiplier 41 is fed to each of
the multipliers 51, 52 , and 53. Arbitrary gains R_Gain,
G _Gain, B_Gain are respectively fed for the colors R,
G, and B to the multipliers 51, 52, and 53. Since the
gains R _Gain, G _Gain, B _Gain respectively given to
the multipliers 51, 52, and 53 can be individually con-
trolled, white balance control can be made.

[0063] Outputs of the multipliers 51, 52, and 53 are
respectively given to the corresponding gain correction
circuits 61, 62, and 63. Each of the gain correction cir-
cuits 61, 62, and 63 sets input/output characteristics, as
indicated by straight lines K1 and K2 shown in Fig. 8,
for example, thereby correcting the inputted gain.
[0064] In a reference voltage control circuit 15, white-
side reference voltages are corrected for the colors R,
G, and B using the gains, respectively given from the
gain correction circuits 61, 62, and 63, corresponding to
the colors R, G, and B.

The differences will be described in more de-

[3] Description of Third Embodiment

[0065] Fig. 9illustrates the schematic configuration of
a portable telephone set.

[0066] An MPU (Microprocessor Unit) 209 carries out
the overall control of the portable telephone set. An an-
tenna 201 transmits and receives electric waves. A
transmitting/receiving unit 202 receives the electric
waves, and transmits the contents of the receiving to the
MPU 209. Further, the transmitting/receiving unit 202
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transmits a transmission signal outputted from the MPU
209 with the transmission signal on the electric waves.
[0067] A microphone 203 feeds an audio signal to the
MPU 209. A speaker 204 outputs as an audio the audio
signal outputted from the MPU 209. A first camera 205
is a camera mounted on a front surface of the main body
of the portable telephone set provided with an organic
EL display 214, and sends to the MPU 209 a video which
it has picked up. A second camera 206 is a camera
mounted on a rear surface of the main body of the port-
able telephone set, and sends to the MPU 209 a video
which it has picked up. At the time of an imaging mode,
the video picked up by the camera 205 or 206 is dis-
played on the organic EL display 214 in place of the con-
tent of the display at the time of a normal mode.
[0068] An operation unit 208 is provided in the main
body of the portable telephone set, and comprises var-
jous buttons 221 and various switches 222, as shown
in Fig. 10. A timer 211 is used for luminance control, de-
scribed later.

[0069] A flash memory 210 stores data to be stored
even when the power is turned off. A graphics memory
212 stores image data to be displayed on the display.
Image data is written into a predetermined address in
the graphics memory 212 on the basis of image data
outputted from the MPU 209 and a writing control signal.
Pixel data representing a corresponding pixel is output-
ted at the timing of scanning in conformity with a display
period of the organic EL display 214 from the graphics
memory 212.

[0070] A timing control IC 213 feeds image data and
a driving signal to the organic EL display 214, and dis-
plays a video on the organic EL display 214. The timing
control IC 213 comprises a luminance control circuit.
[0071] Fig. 10 illustrates the configuration of the lumi-
nance control circuit provided in the timing control IC
213, and the MPU 209 for controlling a luminance for
the whole screen and its peripheral device.

[0072] In Fig. 10, the same components as those
shown in Fig. 3 are assigned the same reference nu-
merals and hence, the description thereof is not repeat-
ed. The luminance control circuit shown in Fig. 10 is ap-
proximately the same as the luminance control circuit
shown in Fig. 3 except that a multiplier 41 for controlling
a luminance for the whole screen (a display luminance)
is provided in a reference voltage control circuit 1. An
whole luminance control signal W _ Gain given to the
multiplier 41 is generated by the MPU 209.

[0073] The various buttons 208 and the various
switches 222 which are provided in the operation unit
208 are connected to the MPU 209. The MPU 209 com-
prises the timer 211. The cameras 205 and 206 are con-
nected to the MPU 209. Each of the cameras 205 and
206 has an automatic exposure control function. In this
example, exposure time information is sent to the MPU
209 from the first camera 205 mounted on the front sur-
face of the main body of the portable telephone set.
[0074] The MPU 209 estimates peripheral brightness
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under current environments in which the portable tele-
phone set is used on the basis of the exposure time in-
formation from the first camera 205, to generate the
whole luminance control signal W _Gain. The whole lu-
minance control signal W _Gain takes a value between
2.0 and 0.5, for example.

[0075] Specifically, when the exposure time is long,
that is, the peripheral brightness is low, the whole lumi-
nance control signal W _Gain is reduced. As a result, a
gain outputted from the multiplier 41 becomes smaller
than a gain calculated by the gain calculation circuit 14,
and a white-side reference voltage R _Refw' after con-
trol becomes high, so that the display luminance be-
comes low. Conversely, when the exposure time is
short, that is, the peripheral brightness is high, the whole
luminance control signal W _Gain is increased. As a re-
sult, the gain outputted from the multiplier 41 becomes
larger than the gain calculated by the gain calculation
circuit 14, and the white-side reference voltage R _Refw'
after control becomes low, so that the display luminance
becomes high.

[0076] The above-mentioned control may be carried
out using AGC gain information relating to the first cam-
era 205 in place of the exposure time information relat-
ing to the first camera 205. In this case, when the AGC
gain is large, it is judged that the peripheral brightness
is low, to reduce the whole luminance control signal W
_Gain. Conversely, when the AGC gain is small, it is
judged that the peripheral brightness is high, to increase
the whole luminance control signal W _Gain.

[0077] The MPU 209 reduces, when the various but-
tons 221 or the various switches 222 which are provided
in the operation unit 208 are operated, the whole lumi-
nance control signal W _Gain is reduced, to increase
the display luminance. When a predetermined time pe-
riod has elapsed, the whole luminance control signal W
_Gain is increased, to reduce the display luminance.
[0078] Itis judged using the timer 211 whether or not
a predetermined time period has elapsed. Specifically,
the timer 211 is reset when the buttons 221 or the switch-
es 222 are operated, to automatically start measure-
ment of time. The luminance for the screen is controlled
depending on the time measured by the timer211. When
not less than the predetermined time period has
elapsed, the display luminance is reduced by half.

[4] Description of Fourth Embodiment

[0079] Fig. 11 illustrates the schematic configuration
of a portable telephone set. In Fig. 11, the same com-
ponents as those shown in Fig. 9 are assigned the same
reference numerals and hence, the description thereof
is not repeated.

[0080] The portable telephone set differs from the
portable telephone set shown in Fig. 9 in that a direction
sensor 207 for sensing the direction (upward, down-
ward, sideward, etc.) of a display surface of an organic
EL display 214 is provided. In the portable telephone
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set, display luminance control based on exposure time
information from a first camera 205 is not carried out.
[0081] Fig. 12 illustrates the configuration of a lumi-
nance control circuit provided in a timing control IC 213,
and an MPU 209 for controlling a luminance for the
whole screen and its peripheral device.

[0082] In Fig. 12, the same components as those
shown in Fig. 3 are assigned the same reference nu-
merals and hence, the description thereof is not repeat-
ed. Although the luminance control circuit shown in Fig.
12 is approximately the same as the luminance control
circuit shown in Fig. 3, it differs from the luminance con-
trol circuit shown in Fig. 3 in that a multiplier 41 for con-
trolling a luminance for the whole screen (a display lu-
minance) is provided in a reference voltage control cir-
cuit 1. A whole luminance control signal W _Gain given
to the multiplier 41 is generated by the MPU 209.
[0083] Various buttons 221 and various switches 222
which are provided in an operation unit 208 are connect-
ed to the MPU 209. The MPU 209 comprises a timer
211. The direction sensor 207 is connected to the MPU
209.

[0084] The MPU 209 estimates the direction (upward,
downward, sideward, etc.) of the display surface of the
organic EL display 214 on the basis of a detection signal
of the direction sensor 207, to generate a whole lumi-
nance control signal W _-Gain. The whole luminance
control signal W _Gain takes a value between 2.0 and
0.5, for example.

[0085] Specifically, as the display surface of the or-
ganic EL display 214 is directed upward, the whole lu-
minance control signal W _Gain is reduced, thereby
making the display luminance higher. The whole lumi-
nance control signal W _Gain is controlled to a small
value when the display surface of the organic EL display
is directed upward, is controlled to a large value when
the display surface of the organic EL display 214 is di-
rected downward, and is controlled to an intermediate
value when the display surface of the organic EL display
214 is directed sideward.

[0086] Furthermore, the MPU 209 reduces the whole
luminance control signal W _Gain when the various but-
tons 221 or the various switches 222 which are provided
in the operation unit 208 are operated, as in the above-
mentioned third embodiment, thereby making the dis-
play luminance higher. When a .predetermined time pe-
riod has elapsed, the whole luminance control signal W
_Gain is increased, thereby reducing the display lumi-
nance.

[0087] The direction (upward, downward, sideward,
etc.) of the display surface of the. organic EL display
214 may be detected from the exposure times and the
AGC gains of two cameras 205 and 206.

[0088] Thatis, when the display, surface of the organ-
ic EL display 214 is directed upward, the possibility that
a front surface of the main body of the portable tele-
phone set is brighter than a rear surface thereof is high.
Therefore, it is considered that the exposure time of the
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first camera 205 attached to the front surface of the main
body of the portable telephone set is shorter than the
exposure time of the second camera 206 attached to
the rear surface of the main body of the portable tele-
phone set (the AGC gain thereof is reduced when the
exposure times are the same).

[0089] Conversely, when the display surface of the or-
ganic EL display 214 is directed downward, the possi-
bility that the rear surface of the main body of the port-
able telephone set is brighter than the front surface
thereof is high. Therefore, it is considered that the ex-
posure time of the second camera 206 attached to the
rear surface of the main body of the portable telephone
set is shorter than the exposure time of the first camera
205 attached to the front surface of the main body of the
portable telephone set (the AGC gain thereof is reduced
when the exposure times are the same).

[0090] Therefore, the direction of the display surface
of the organic EL display 214 can be judged by the ex-
posure times and the AGC gains of the two cameras 205
and 206.

Claims

1. Aluminance control method for an organic electro-
luminescence display, characterized by compris-

ing:

a first step of calculating a luminance accumu-
lation value for each screen on the basis of a
video input signal; and

a second step of controlling the amplitude of the
video input signal on the basis of the luminance
accumulation value calculated in the first step,
and feeding to the organic electroluminescence
display the video signal whose amplitude has
been controlled.

2. The luminance control method for the organic elec-
troluminescence display according to claim 1, char-
acterized in that

in the second step, the amplitude of the video
input signal is controlled so as to be reduced when
the luminance accumulation value calculated in the
first step is large.

3. The luminance control method for the organic elec-
troluminescence display according to either one of
claims 1 and 2, characterized in that

the video input signal is a digital video signal,
and

in the second step, a reference voltage sup-
plied to a digital-to-analog converter for converting
the digital video input signal into an analog video
signal is controlled on the basis of the luminance
accumulation value calculated in the first step, to
control the amplitude of the video input signal.
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4.

The luminance control method for the organic elec-
troluminescence display according to claim 3, char-
acterized in that

the reference voltage supplied to the digital-
to-analog converter includes a black-side reference
voltage for defining a light-emitting luminance cor-
responding to the black level of the input signal and
a white-side reference voltage for defining a light-
emitting luminance corresponding to the white level
of the input signal, and

in the second step, the white-side reference
voltage is controlled on the basis of the luminance
Accumulation value calculated in the first step.

A luminance control circuit for an organic electrolu-
minescence display, characterized by comprising

a digital-to-analog converter for converting a
digital video input signal into an analog video output
signal on the basis of input/output characteristics
defined by a given reference voltage, and feeding
the analog video output signal to the organic elec-
troluminescence display; and

a reference voltage control circuit for control-
ling the reference voltage supplied to the digital-to-
analog converter on the basis of the digital video
input signal, and in that

the reference voltage control circuit compris-
es a luminance accumulation value calculation cir-
cuit for calculating a luminance accumulation value
for each screen on the basis of the digital video input
signal, and a voltage control circuit for controlling
the reference voltage supplied to the digital-to-an-
alog converter on the basis of the luminance accu-
mulation value calculated by the luminance accu-
mulation value calculation circuit.

The luminance control circuit for the organic elec-
troluminescence display according to claim 5, char-
acterized in that

the reference voltage supplied to the digital-
to-analog converter includes a black-side reference
voltage for defining a light-emitting luminance cor-
responding to the black level of the input signal and
a white-side reference voltage for defining a light-
emitting luminance corresponding to the white level
of the input signal, and

the voltage control circuit controls the white-
side reference voltage on the basis of the luminance
accumulation value calculated by the luminance ac-
cumulation value calculation circuit.

The luminance control circuit for the organic elec-
troluminescence display according to claim 6, char-
acterized in that

the voltage control circuit controls the white-
side reference voltage such that the light-emitting
luminance corresponding to the white level of the
input signal is reduced when the luminance accu-
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mulation value calculated by the luminance accu-
mulation value calculation circuit is large.

The luminance control circuit for the organic elec-
troluminescence display according to either one of
claims 6 and 7, characterized in that

the voltage control circuit comprises a gain
calculation circuit for calculating a gain for control-
ling the white-side reference voltage on the basis of
the luminance accumulation value calculated by the
luminance accumulation value calculation circuit,
and a control circuit for controlling the white-side
reference voltage on the basis of the gain calculated
by the gain calculation circuit.

The luminance control circuit for the organic elec-
troluminescence display according to claim 8, char-
acterized in that

the gain calculation circuit has such input/out-
put characteristics that a gain to be outputted is set
to a constant value when the inputted luminance ac-
cumulation value is not more than a predetermined
value, and the larger the inputted luminance accu-
mulation value is , the smaller the gain to be output-
ted is made when the inputted luminance accumu-
lation value exceeds the predetermined value, and

the control circuit controls the white-side ref-
erence voltage such that the smaller the gain is, the
lower the light-emitting luminance corresponding to
the white level of the input signal becomes.

The luminance control circuit for the organic elec-
troluminescence display according to either one of
claims 6 and 7, characterized in that

the voltage control circuit comprises a gain
calculation circuit for calculating a first gain for con-
trolling the white-side reference voltage on the ba-
sis of the luminance accumulation value calculated
by the luminance accumulation value calculation
circuit, a multiplication circuit for multiplying the first
gain calculated by the gain calculation circuit by a
second gain given from the exterior, and a control
circuit for controlling the white-side reference volt-
age on the basis of a third gain which is the result
of the multiplication by the multiplication circuit.

The luminance control circuit for the organic elec-
troluminescence display according to claim 10,
characterized in that

the gain calculation circuit has such input/out-
put characteristics that a gain to be outputted is set
to a constant value when the inputted luminance ac-
cumulation value is not more than a predetermined
value, and the larger the inputted luminance accu-
mulation value is, the smaller the gain to be output-
ted is made when the inputted luminance accumu-
lation value exceeds the predetermined value, and

the control circuit controls the white-side ref-
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13.

14.

15.

16.

16

erence voltage such that the smaller the third gain
is, the lower the light-emitting luminance corre-
sponding to the white level of the input signal be-
comes.

In a portable telephone set comprising a camera
having an automatic exposure control function and
an organic electroluminescence display,

a portable telephone set characterized by
comprising:

judgment means for judging peripheral bright-
ness on the basis of exposure control informa-
tion relating to the camera; and

display luminance control means for controlling
the display luminance of the organic electrolu-
minescence display on the basis of the periph-
eral brightness judged by the judgment means.

The portable telephone set according to claim 12,
characterized in that

the display luminance control means controls
the display luminance of the organic electrolumi-
nescence display such that the display luminance
of the organic electroluminescence display is re-
duced when the peripheral brightness judged by the
judgment means is low, while being increased when
the peripheral brightness judged by the judgment
means is high.

The portable telephone set according to either one
of claims 12 and 13, characterized in that

the exposure control information relating to
the camera is one selected from exposure time in-
formation and AGC gain information.

In a portable telephone set comprising an organic
electroluminescence display,

a portable telephone set characterized by
comprising:

detection means for detecting the direction of a
display surface of the organic electrolumines-
cence display; and

display luminance control means for controlling
the display luminance of the organic electrolu-
minescence display on the basis of the direc-
tion of the display surface of the organic elec-
troluminescence display which is detected by.
the detection means.

The portable telephone set according to claim 15,
characterized in that

the display luminance control means controls
the display luminance of the organic electrolumi-
nescence display such that the display luminance
of the organic electroluminescence display is in-
creased when the display surface of the organic



17 EP 1 469 448 A1 18

electroluminescence display is directed upward,
while being reduced when the display surface of the
organic electroluminescence display is directed
downward.

Amended claims under Art. 19.1 PCT

1. (Amended) A luminance control method for an
organic electroluminescence display, character-
ized by comprising:

a first step of calculating a luminance accumu-
lation value for each screen on the basis of a
video input signal; and

a second step of controlling the amplitude of the
video input signal on the basis of the luminance
accumulation value calculated in the first step,
and feeding to the organic electroluminescence
display the video signal whose amplitude has
been controlled, and in that

in the second step, the amplitude of the video
input signal is controlled, when the luminance
accumulation value calculated in the first step
exceeds a predetermined'value, such that the
larger the difference between the luminance
accumulation value and the predetermined val-
ue is, the smaller the amplitude of the video in-
put signal becomes.

2. (Canceled)

3. (Amended) The luminance control method for the
organic electroluminescence display according to
claim 1, characterized in that

the video input signal is a digital video signal,
and

in the second step, a reference voltage sup-
plied to a digital-to-analog converter for converting
the digital video input signal into an analog video
signal is controlled on the basis of the luminance
accumulation value calculated in the first step, to
control the amplitude of the video input signal.

4. The luminance control method for the organic
electroluminescence display according to claim 3,
characterized in that

the reference voltage supplied to the digital-
to-analog converter includes a black-side reference
voltage for defining a light-emitting luminance cor-
responding to the black level of the input signal and
a white-side reference voltage for defining a light-
emitting luminance corresponding to the white level
of the input signal, and

in the second step, the white-side reference
voltage is controlled on the basis of the luminance
accumulation value calculated in the first step.
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5. (Amended) A luminance control circuit for an or-
ganic electroluminescence display, characterized
by comprising

a digital-to-analog converter for converting a
digital video input signal into an analog video output
signal on the basis of input/output characteristics
defined by a given reference voltage, and feeding
the analog video output signal to the organic elec-
troluminescence display; and

a reference voltage control circuit for control-
ling the reference voltage supplied to the digital-to-
analog converter on the basis of the digital video
input signal, and in that

the reference voltage control circuit compris-
es a luminance accumulation value calculation cir-
cuit for calculating a luminance accumulation value
for each screen on the basis of the digital video input
signal, and a voltage control circuit for controlling
the reference voltage supplied to the digital-to-an-
alog converter on the basis of the luminance accu-
mulation value calculated by the luminance accu-
mulation value calculation circuit,

the reference voltage supplied to the digital-
to-analog converter includes a black-side reference
voltage for defining a light-emitting luminance cor-
responding to the black level of the input signal and
a white-side reference voltage for defining a light-
emitting luminance corresponding to the white level
of the input signal, and

the voltage control circuit controls, when the
luminance accumulated value calculated by the lu-
minance accumulation value calculation circuit ex-
ceeds a predetermined value, the white-side refer-
ence voltage such that the larger the difference be-
tween the luminance accumulation value and the
predetermined value is, the lower the light-emitting
luminance corresponding to the white level of the
input signal becomes.

6. (Canceled)
7. (Canceled)

8. (Amended) The luminance control circuit for the
organic electroluminescence display according to
claim 5, characterized in that

the voltage control circuit comprises a gain
calculation circuit for calculating a gain for control-
ling the white-side reference voltage on the basis of
the luminance accumulation value calculated by the
luminance accumulation value calculation circuit,
and a control circuit for controlling the white-side
reference voltage on the basis of the gain calculated
by the gain calculation circuit.

9. The luminance control circuit for the organic elec-
troluminescence display according to claim 8, char-
acterized in that
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the gain calculation circuit has such input/out-
put characteristics that a gain to be outputted is set
to a constant value when the inputted luminance ac-
cumulation value is not more than a predetermined
value, and the larger the inputted luminance accu-
mulation value is, the smaller the gain to be output-
ted is made when the inputted luminance accumu-
lation value exceeds the predetermined value, and

the control circuit controls the white-side ref-
erence voltage such that the smaller the gain is, the
lower the light-emitting luminance corresponding to
the white level of the input signal becomes.

10. (Amended) The luminance control circuit for the
organic electroluminescence display according to
claim 5, characterized in that

the voltage control circuit comprises a gain
calculation circuit for calculating a first gain for con-
trolling the white-side reference voltage on the ba-
sis of the luminance accumulation value calculated
by the luminance accumulation value calculation
circuit, a multiplication circuit for multiplying the first
gain calculated by the gain calculation circuit by a
second gain given from the exterior, and a control
circuit for controlling the white-side reference volt-
age on the basis of a third gain which is the result
of the multiplication by the multiplication circuit.

11. The luminance control circuit for the organic
electroluminescence display according to claim 10,
characterized in that

the gain calculation circuit has such input/out-
put characteristics that a gain to be outputted is set
to a constant value when the inputted luminance ac-
cumulation value is not more than a predetermined
value, and the larger the inputted luminance accu-
mulation value is, the smaller the gain to be output-
ted is made when the inputted luminance accumu-
lation value exceeds the predetermined value, and

the control circuit controls the white-side ref-
erence voltage such that the smaller the third gain
is, the lower the light-emitting luminance corre-
sponding to the white level of the input signal be-
comes.

12. In a portable telephone set comprising a camera
having an automatic exposure control function and
an organic electroluminescence display,

a portable telephone set characterized by
comprising:

judgment means for judging peripheral bright-
ness on the basis of exposure control informa-
tion relating to the camera; and

display luminance control means for controlling
the display luminance of the organic electrolu-
minescence display on the basis of the periph-
eral brightness judged by the judgment means.
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13. The portable telephone set according to claim
12, characterized in that

the display luminance control means controls
the display luminance of the organic electrolumi-
nescence display such that the display luminance
of the organic electroluminescence display is re-
duced when the peripheral brightness judged by the
judgment means is low, while being increased when
the peripheral brightness judged by the judgment
means is high.

14. The portable telephone set according to either
one of claims 12 and 13, characterized in that

the exposure control information relating to
the camera is one selected from exposure time in-
formation and AGC gain information.

15. In a portable telephone set comprising an or-
ganic electroluminescence display,

a portable telephone set characterized by
comprising:

detection means for detecting the direction of a
display surface of the organic electrolumines-
cence display; and.

display luminance control means for controlling
the display luminance of the organic electrolu-
minescence display on the basis of the direc-
tion of the display surface of the organic elec-
troluminescence display which is detected by
the detection means.

16. The portable telephone set according to claim
15, characterized in that

the display luminance control means controls
the display luminance of the organic electrolumi-
nescence display such that the display luminance
of the organic electroluminescence display is in-
creased when the display surface of the organic
electroluminescence display is directed upward,
while being reduced when the display surface of the
organic electroluminescence display is directed
downward.
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This International Searching Authority found multiple inventions in this international application, as follows:
- The inventions of claims 1-4 relate to an organic EL display luminance
control method controlling the amplitude of a video input signal according
to a luminance accumulation value.
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reference voltage of the DA converter according to a luminance accumulation
value.

- The inventions of claims 12-14 relate to a cellular telephone having the

organic EL display which judges the brightness around according to
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the camera exposure control information and controls the display

luminance.
- The inventions of claims 15-16 relate to a cellular telephone having

the organic EL display which controls the display luminance according
to the direction of the display screen.
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