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(54) drive method of light-emitting display panel and organic EL display device

(57) Light-emitting elements disposed on a light-
emitting display panel are driven by constant currents,
and the forward direction voltages of the light-emitting
elements are obtained by a sampling/holding circuit.
Then, the voltage output from a drive voltage source
composed of a DC-DC converter is controlled by the for-
ward direction voltages obtained by the sampling/hold-
ing circuit. For example, in a case in which the light emis-
sion luminance of the light-emitting display panel is
changed or in other case, a sampling and holding oper-
ation is executed by the sampling/holding circuit in re-
sponse to a control signal from a sampling timing control
circuit at intervals shorter than ordinary intervals. With
this arrangement, when light emission luminance of a
light-emitting display panel is changed, the gentle
changing characteristics of the light emission luminance
thereof can be improved.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The presentinventionrelates to a drive method
of a light-emitting display panel using, for example, or-
ganic electroluminescence (EL) elements as light-emit-
ting elements and to a display device using the light-
emitting display panel, and more particularly, to a control
technology for controlling the light-emitting luminance of
the light-emitting elements.

Description of the Related Art

[0002] Attention is paid to an organic EL display as a
display replacing a liquid crystal display because the or-
ganic EL display can reduce power consumption, can
display an image of high quality and further can be re-
duced in thickness. This is because the efficiency and
life of the organic EL display has been improved to a
practically usable level by using an organic compound
promising good light emitting characteristics for the
light-emitting layers of EL elements used in the EL dis-
play.

[0003] There have been proposed a passive matrix
drive system and an active matrix drive system as a
drive method of a display panelin which the EL elements
are disposed. Fig. 5 shows the passive matrix drive sys-
tem and an example of the display panel whose light
emission is controlled by the passive matrix drive sys-
tem. Two drive methods, that is, a cathode line scan/
anode line drive method and an anode line scan/cath-
ode line drive method are available as a drive method
of the organic EL elements in the passive matrix drive
system, and the arrangement shown Fig. 5 is an exam-
ple of the former cathode line scan/anode line drive
method.

[0004] Thatis, a display panel 1 is arranged such that
anode lines A1 to An are longitudinally disposed as n-
pieces of drive lines, whereas cathode lines B1 to Bm
are laterally disposed as m-pieces of scan lines, and or-
ganic EL elements OEL shown by the symbol of diode
are disposed at the intersections (n X m positions in to-
tal) of the respective lines. Then, the respective EL ele-
ments acting as light-emitting elements constituting pix-
els are disposed in a lattice shape, and one ends thereof
(anode terminals of the EL elements) are connected to
the anode lines and the other ends thereof (cathode ter-
minals of the EL elements) are connected to the cathode
lines in correspondence to the positions of the intersec-
tions between the anode lines A1 to An traveling along
a vertical direction and the cathode lines B1 to Bm
traveling along a horizontal direction. Further, the anode
lines are connected to an anode line drive circuit 2, and
the cathode lines are connected a scan circuit 3, so that
they are driven respectively.
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[0005] The cathode line scan circuit 3 has scan
switches SY1 to SYm in correspondence to the respec-
tive cathode scan lines B1 to Bm that act to connect any
one of a reverse bias voltage VM from a reverse bias
voltage creation circuit 5 for preventing the crosstalk
light emission of the elements and a ground potential
acting as a reference potential to a corresponding cath-
ode scan line. Further, the anode line drive circuit 2 has
constant current circuits 1 to In for supplying drive cur-
rents to the respective EL elements through the respec-
tive anode lines and drive switches SX1 to SXn.
[0006] The drive switches SX1 to SXn act to connect
any one of the currents from the constant current circuits
11 to In and the ground potential to corresponding anode
lines. Accordingly, when the drive switches SX1 to SXn
are connected to the constant current circuit 11 to In, they
act to supply the currents from the constant current cir-
cuits 11 to In to the respective EL elements disposed in
correspondence to the cathode scan lines.

[0007] Note thatitis possible to use a voltage source
such as constant voltage circuits, and the like in place
of the constant current circuit. However, the constant
current circuits are ordinarily used as shown in the figure
because of the reasons that the voltage/luminance char-
acteristics of the EL elements are unstable to a temper-
ature change while the current/luminance characteris-
tics thereof are stable to the temperature change, that
there is a possibility that the EL elements are deterio-
rated by an excessive current, and the like.

[0008] A control bus is connected to the anode line
drive circuit 2 and the cathode line scan circuit 3 through
a light emission control circuit 4 including a CPU, and
the scan switches SY1 to SYm and the drive switches
SX1 to SXn are manipulated based on the signals of an
image to be displayed. With this arrangement, the con-
stant current circuits 11 to In are appropriately connected
to desired anode lines while setting the cathode scan
lines to the ground potential at a predetermined cycle
based on the image signals. Accordingly, the respective
light-emitting elements selectively emit light, thereby the
image is reproduced on the display panel 1 based on
the image signals.

[0009] A DC output (output voltage = VH) from a drive
voltage source 6 composed of, for example, a voltage
increasing type DC-DC converter is supplied to the re-
spective constant current circuits 11 to In of the anode
line drive circuit 2. With this arrangement, the constant
currents created by the constant current circuits 11 to In
having received the output voltage VH from the drive
voltage source 6 are supplied to the respective EL ele-
ments disposed in correspondence to the anode scan
lines.

[0010] In contrast, the value of the reverse bias volt-
age VM used to prevent the crosstalk light emission of
the EL elements is ordinarily generated by being series
regulated from the output voltage VH because the volt-
age VM is relatively near to the value of the output volt-
age VH and the current consumed by the reverse bias
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voltage VM is smaller than that of the output voltage VH.
It is considered that the employment of the above ar-
rangement is advantageous from the view point of the
number of parts and power consumption.

[0011] A reverse bias voltage creation circuit 5 ar-
ranged simply as shown in Fig. 5 can be preferably em-
ployed as the series regulating circuit. The reverse bias
voltage creation circuit 5 is composed of a voltage divi-
sion circuit for dividing the output voltage VH from the
drive voltage source 6 and a transistor Q1 for outputting
a divided voltage created by the voltage division circuit
as a reverse bias voltage after it has been subjected to
impedance transformation. That is, the voltage division
circuit is composed of resistors R1 and R2 connected
in series between the drive voltage source 6 and the ref-
erence potential (ground), and the collector terminal of
the npn transistor Q1 that achieves the impedance
transformation function is connected to the drive voltage
source 6, and the base thereof is connected to the node
between the resistors R1 and R2. With this arrange-
ment, the transistor Q1 is in an emitter follower connec-
tion, and the reverse bias voltage VM is output from the
emitter terminal of the transistor Q1.

[0012] Incidentally, according to a drive unit arranged
as described above, the constant current circuits are
provided in correspondence to the respective anode
lines to drive the respective EL elements by the constant
currents. In the constant current circuits, a certain
amount of voltage drop in the circuits must be taken into
consideration to drive the respective EL elements by the
constant voltage at all times. Accordingly, the output
voltage VH from the drive voltage source 6, which is sup-
plied to the constant current circuits, must have a value
equal to or larger than the value obtained by adding the
amount of voltage drop arisen in the constant current
circuits to the forward direction voltages VF of the re-
spective EL elements driven by the constant currents.
[0013] Moreover, when the electric dispersion and de-
terioration with age of the respective EL elements and
further the dispersion of the respective elements in the
constant current circuits are taken into consideration, it
is necessary to set the output voltage VH by adding a
predetermined margin to the forward direction voltages
VF, in addition to the amount of voltage drop in the con-
stant current circuits. When this margin is added, the
amount of voltage drop is made excessive in almost all
the constant current circuits, thereby a problem is arisen
in that a power loss is increased in the constant current
circuits.

[0014] Thus, it is contemplated to detect the forward
direction voltages VF of the respective EL elements driv-
en by the constant voltage by, for example, a sampling/
holding means and to control the value of the output volt-
age VH supplied from the drive voltage source 6 based
on the thus sampled forward direction voltages VF.
When the control means described above is employed,
it is possible to create the output voltage VH by adding
a given voltage value capable of guaranteeing the con-
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stant current drive of the respective EL elements in the
constant current circuits to the forward direction voltage
VF. Accordingly, it is possible to set the margin to a very
small amount so as to reduce the power loss in the con-
stant current circuits. With this arrangement, when this
drive method is used in, for example, mobile appliances,
and the like, the power consumption of batteries can be
reduced.

[0015] In contrast, it is known that the organic EL el-
ements described above have diode characteristics in-
cluding a predetermined electric capacitance (parasitic
capacitance) from the laminated structure thereof.
Then, when the organic EL elements are driven by con-
stant currents, as described above, the waveform of the
anode voltage of the elements has such a characteristic
that it gently rises up as shown in Fig. 6 because the
constant current circuits are high impedance output cir-
cuits in the operation principle thereof. That is, in Fig. 6,
a vertical axis shows the anode voltage V of the element,
and a lateral axis shows an elapsed time t.

[0016] The rising-up curve of the anode voltage V is
changed by various conditions such as the lighting/non-
lighting condition of the elements when they were
scanned last time, the lighting/non-lighting condition of
adjacent elements, and the like. Then, the luminance of
the organic EL elements is changed by the change of
the rising-up curve. However, the substantial luminance
of the display panel cannot help being dropped because
the rising-up of the light emission of the element is de-
layed.

[0017] To cope with this problem, there has been pro-
posed a drive method of connecting a constant voltage
source to elements when the elements are lit/driven and
providing an instantly charging precharge period with
the parasitic capacitances of the elements. There is
available a cathode reset method as a typical drive
method of executing the precharge and is disclosed in,
for example, JP-A No. 9-232074. According to the cath-
ode reset method, it is possible to instantly rise the an-
ode voltage of an EL element to be lit to a voltage near
to the reverse bias voltage VM by making use of the re-
verse bias voltage VM for preventing the parasitic ca-
pacitances of elements and the crosstalk light emission.
[0018] Fig. 7 shows an anode voltage waveform when
a precharge voltage (VM) is set equal to the forward di-
rection voltage (VF) of an element. A vertical axis shows
the anode voltage V of the element, and a lateral axis
shows an elapsed time t also in Fig. 7. Then, a period a
shows a precharge period with respect to the element,
and a period b shows the constant current drive period
of the element.

[0019] In contrast, the following problem is arisen
when the precharge drive described above is executed
as well as when the forward direction voltages VF of the
EL elements are obtained by making use of, for exam-
ple, the sampling/holding means and the control means
described above is employed to control the value of the
output voltage VH supplied from the drive voltage



5 EP 1 329 873 A2 6

source 6. That is, when the light emission luminance of
light-emitting elements is dropped while they are, for ex-
ample, being lit, the forward direction voltages VF of the
elements are dropped from the state shown in Fig. 7 to
the state shown in Fig. 8. At this time, a final forward
direction voltage VF cannot be sampled and held at the
timing of a sampling operation but a voltage denoted by
VF'is held based on the timing of the sampling opera-
tion, and the output voltage VH of the drive voltage
source 6 is controlled based on the thus held voltage
VF'".

[0020] Since the voltage VM used for the precharge
is created based on the output voltage VH from the drive
voltage source 6, next, a precharge voltage VM lower
than that shown in Fig. 9 is created based on the held
voltage VF' shown in Fig. 8. Accordingly, the luminance
of the light-emitting elements does not drop instantly but
drops stepwise as shown in Fig. 10. Thus, a problem is
arisen in that the gentle change of luminance as de-
scribed above is felt unnatural by a user. Note that t1,
t2, and t3 in Fig. 10 show timing at which sampling op-
erations are executed, and ¢ shows sampling intervals.
[0021] Thus, the above problem is also arisen similar-
ly when the luminance is risen. Further, it is also arisen
when the light-emitting elements are driven by the con-
stant currents without executing the above precharge.
Furthermore, the above problem is not limited to the
case in which the light emission luminance is changed
while the display panel is being lit but a similar problem
is also arisen when, for example, the display panel starts
to be lit.

[0022] The above phenomenon is caused by the tim-
ing of the sampling hold. Accordingly, it is conceived to
execute the sampling hold at timing of short intervals.
However, when the sampling hold is executed at the tim-
ing of the short intervals, a drive power necessary to the
sampling hold operation and a held voltage are dis-
charged each time the sampling hold operation is exe-
cuted, thereby a power is wasted. Therefore, when for
example, the drive method is used in mobile terminals,
and the like, the power of batteries are wasted, and thus
this drive method is not preferable.

SUMMARY OF THE INVENTION

[0023] An object of the present invention, which was
made in view of the above technical views of point, is to
provide a drive method of a light-emitting display panel
capable of reducing the drive electric power as well as
capable of improving the gentle operation characteris-
tics of light emission luminance generated when, for ex-
ample, the light emission luminance of the display panel
is changed or when the display panel starts to be lit, as
described above, and to provide an organic EL display
device using the drive method.

[0024] Adrive method of a light-emitting display panel
according to the present invention, which was made to
achieve the above object, is a drive method of a light-
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emitting display panel including light-emitting elements
whose lighting is controlled through constant current cir-
cuits, wherein the drive method includes the steps of
supplying constant currents to the light-emitting ele-
ments from the constant current circuits making use of
the voltage output from a drive voltage source, control-
ling the voltage output from the drive voltage source
based on the forward direction voltages of the light-emit-
ting elements, and adjusting the timing at which the volt-
age output from the drive voltage source is controlled
based on the lighting drive condition of the light-emitting
elements.

[0025] Then, in a first control aspect according to the
present invention, when the light-emitting display panel
starts to be lit, itis preferable that the voltage output from
the drive voltage source based on the forward direction
voltages be controlled at timing of shorter intervals. Fur-
ther, itis preferable that the voltage output from the drive
voltage source based on the forward direction voltages
be controlled also at timing of shorter intervals when the
light emission luminance of the light-emitting display
panel is changed. In this case, when the light emission
luminance of the light-emitting display panel is changed
beyond a predetermined range set beforehand, the volt-
age output from the drive voltage source based on the
forward direction voltages may be controlled at timing
of shorter intervals.

[0026] In contrast, in a second control aspect accord-
ing to the present invention, the voltage output from the
drive voltage source based on the forward direction volt-
ages may be controlled when the light-emitting display
panel starts to be lit. Further, it is preferable that the volt-
age output from the drive voltage source based on the
forward direction voltages be controlled also when the
light emission luminance of the light-emitting display
panel is changed.

[0027] In addition to the above, in the second control
aspect, it is preferable that the voltage output from the
drive voltage source based on the forward direction volt-
ages be repeatedly controlled a plurality of times when
the light-emitting display panel starts to be lit or when
the light emission luminance of the light-emitting display
panel is changed.

[0028] Then, when any of the first and second control
modes is employed, the forward direction voltages may
be sampled at the timing at which constant currents are
supplied from the constant current circuits to the light-
emitting elements, and the forward direction voltages
may be obtained by a sampling/holding circuit for hold-
ing the sampled voltage values in a preferable embod-
iment. Further, the forward direction voltages may be
obtained by adding a constant current to a dummy light-
emitting element that does not contribute to the light
emission of the light-emitting display panel.

[0029] In addition to the above, it is preferable that a
voltage drop in the constant current circuits be control-
led substantially constant by controlling the voltage out-
put from the drive voltage source, and a voltage increas-
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ing type DC-DC converter is preferably used as the drive
voltage source.

[0030] Inadisplay device according to the present in-
vention, organic EL elements are utilized as the light-
emitting elements and driven and lit by employing the
drive method described above.

[0031] According to the display device employing the
drive method, the forward direction voltages of the light-
emitting elements supplied through the constant current
circuits are detected so as to control the voltage output
from the drive voltage source, thereby the constant cur-
rent circuits for supplying constant currents to the re-
spective EL elements can minimize the voltage drop
thereof within a range in which a constant current supply
operation can be secured. Accordingly, this arrange-
ment can contribute to the reduction of an electric power
loss in the constant current circuits.

[0032] When the first control aspect is employed, the
voltage output from the drive voltage source is control-
led at timing of shorter intervals than ordinary intervals
when, for example, the light-emitting display panel starts
to be lit or when the light emission luminance of the light-
emitting display panel is changed, thereby the gentle
changing characteristics of the light emission luminance
of the display panel can be improved. Then, when the
first control aspect is employed, the intervals at which
the forward direction voltages of the elements are sam-
pled and held are shortened for only a predetermined
period, thereby the degree of an electric power loss
caused by the sampling and holding operation can be
reduced.

[0033] Further, whenthe second control aspectis em-
ployed, the voltage output from the drive voltage source
based on the forward direction voltages of the elements
is controlled only when, for example, the light-emitting
display panel starts to be lit or when the light emission
luminance of the light-emitting display panel is changed.
In this case, the gentle changing characteristics of the
light emission luminance can be improved by repeatedly
controlling the voltage output from the drive voltage
source a plurality of times. In this case, since the oper-
ation for sampling and holding the forward direction volt-
ages of the elements is executed for only a predeter-
mined period, the degree of an electric power loss
caused by the sampling and holding operation can be
more reduced.

[0034] Note that when the second control aspect is
employed, the voltage output from the drive voltage
source is controlled only when the light-emitting display
panel starts to be lit or when the light emission lumi-
nance of the light-emitting display panel is changed.
However, the electric deterioration with age and temper-
ature dependency of the light-emitting elements can be
compensated at the time. Accordingly, sufficient com-
pensation characteristics can be secured in practical
use.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0035]

Fig. 1 is a wiring diagram showing an embodiment
of a display device employing a drive method ac-
cording to the present invention;

Fig. 2 is a timing chart showing light emission lumi-
nance characteristics changed by the display de-
vice showed in Fig. 1;

Fig. 3 is a timing chart showing light emission lumi-
nance characteristics changed by other control as-
pect;

Fig. 4 is a wiring diagram showing an example using
a dummy organic EL element to obtain a forward
direction voltage of a light-emitting element;

Fig. 5 is a wiring diagram showing an example of a
conventional light emission drive unit;

Fig. 6 is a characteristic view showing a rising-up
state of an anode voltage in a light-emitting element
driven by a constant current;

Fig. 7 is a characteristic view showing an anode
voltage when precharge is executed to a light-emit-
ting element.

Fig. 8 is a characteristic view showing a change of
a forward direction voltage when the light emission
luminance of a light-emitting elements is dropped
when it is being lit;

Fig. 9 is a characteristic view showing a further
change of the forward direction voltage of the light-
emitting element subsequent to that shown in Fig.
8; and

Fig. 10 is a characteristic view showing an example
of a change of luminance when the luminance of a
light-emitting elements is dropped.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0036] A drive unit of a light-emitting display panel ac-
cording to the present invention will be explained as to
a preferable embodiment thereof with reference to the
figures. Fig. 1 shows a passive matrix drive system to
which the present invention is applied and an example
of a display panel whose light emission is controlled by
the passive matrix drive system. Note that, in Fig. 1, a
display panel 1, an anode line drive circuit 2, a cathode
line scan circuit 3, and a light emission control circuit 4
that drive the display panel 1, and further a reverse bias
voltage creation circuit 5 have the same functions as
those of the respective circuits shown in Fig. 5 described
above, and thus the detailed description thereof is ap-
propriately omitted.

[0037] Inthe embodiment shown in Fig. 1, a sampling
switch 7 is interposed between the anode line drive cir-
cuit 2 and the display panel 1. The sampling switch 7
includes switches denoted by Sh1 to Shnin correspond-
ence to drive switches Sx1 to Sxn in the anode line drive
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circuit 2 and anode lines A1 to An in the display panel
1. These switches Sh1 to Shn are opened and closed
in response to a control signal from a sampling/holding
circuit 8.

[0038] That is, the light emission control circuit 4
drives the sampling/holding circuit 8 through a sampling
timing control circuit 9 which will be described later in
synchronism with that the light emission control circuit
4 lights and controls respective EL elements through the
respective drive switches SX1 to SXn to thereby close
the respective switches Sh1 to Shn. Then, the forward
direction voltages VF of the respective EL elements are
supplied to the sampling/holding circuit 8 through the
respective switches Sh1 to Shn, thereby the forward di-
rection voltages VF of the respective EL elements can
be obtained.

[0039] In Fig. 1, while sampling values from the re-
spective switches Sh1 to Shn are supplied to the sam-
pling/holding circuit 8 through a single connection line
for the convenience of illustration, actually, discrete for-
ward direction voltages are supplied to the sampling/
holding circuit 8, respectively. Note that the operation of
the sampling/holding circuit 8 controlled by the above
sampling timing control circuit 9 will be described later.
[0040] A forward direction voltage held by the sam-
pling/ holding circuit 8 is supplied to one input terminal
(inverted input terminal) of an error amplifier 10 through
a voltage division circuit composed of resistors R5 and
R6. In contrast, a reference voltage Vref is supplied to
the other input terminal (non-inverted input terminal) of
the error amplifier 10, and thus a comparison output (er-
ror output) between the forward direction voltage and
the reference voltage is created by the error amplifier 10.
[0041] Then, the output from the error amplifier 10 is
supplied to one input terminal (non-inverted input termi-
nal) of a differential amplifier 11. Further, the output from
resistors R7 and R8 that divide the output voltage VH of
a drive voltage source 6 is supplied to the other input
terminal (inverted input terminal) of the differential am-
plifier 11. Therefore, the values of the output voltages of
the differential amplifier 11 include both the output infor-
mation of the forward direction voltages VF of the light-
emitting elements and the output information of the out-
put voltage VH of the drive voltage source 6.

[0042] In the embodiment shown in Fig. 1, a voltage
increasing type DC-DC converter is used as the drive
voltage source 6, and the output from the differential am-
plifier 11 is supplied to a switching regulator circuit 14
constituting the DC-DC converter. Note that while the
drive voltage source 6 composed of the DC-DC convert-
er that will be described below creates a direct current
output by pulse width modulation (PWM) control, it may
utilize pulse frequency modulation (PFM) control.
[0043] The switching regulator circuit 14 includes a
PWM circuit 15 and a reference oscillator 16 disposed
therein. The output from the differential amplifier 11 is
supplied to the PWM circuit 15 and modulates the pulse
width of the signal supplied from the reference oscillator
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16 so that an npn transistor Q2 is switched in response
to the modulated pulse output. Thatis, the electric power
energy from a DC voltage source 12 is accumulated in
an inductor L1 by the turning-on operation of the npn
transistor Q2. In contrast, the electric power energy ac-
cumulated in the inductor L1 is accumulated in a capac-
itor C1 through a diode D3 by the turning-off operation
of the npn transistor Q2.

[0044] Then, an increased DC output voltage can be
obtained as the terminal voltage of the capacitor C1 by
repeating the turning-on/off operation of the transistor
Q2, and the DC output acts as the output voltage VH
output from the drive voltage source 6. Accordingly, in
this embodiment, the output voltage VH depends on the
forward direction voltages VF when the EL elements are
lit.

[0045] Further, in this embodiment, the output voltage
VH is controlled also by the output voltage divided by
the resistors R7 and R8. Thus, the respective constant
current circuits 11 to In of the anode line drive circuit 2
can be controlled to have a definite voltage drop value
that permits the constant current circuits 11 to In to guar-
antee the constant current drive by appropriately select-
ing the voltage dividing ratio of the resistors R7 and R8.
With this arrangement, the power loss in the respective
constant current circuits 11 to In can be reduced as much
as possible.

[0046] In the above arrangement, a first control as-
pect of the operation of the sampling/holding circuit 8
executed by the above sampling timing control circuit 9
will be described. That is, in the first control aspect, the
sampling/holding circuit 8 is operated to select an ordi-
nary sampling hold intervals and sampling hold intervals
executed at timing shorter than that of the ordinary sam-
pling hold intervals.

[0047] In the first control aspect, the sampling timing
control circuit 9 monitors the light emission state of the
display panel 1 controlled by the light emission control
circuit 4. In other words, the light emission control circuit
4 supplies an instruction signal to the sampling timing
control circuit 9 when, for example, the light emission
luminance of the light-emitting display panel is changed
or when the light-emitting display panel starts to be lit.
With this operation, the sampling timing control circuit 9
controls the sampling/holding circuit 8 so that it executes
a sampling hold operation at shorter intervals for a pre-
determined period.

[0048] That is, ordinarily, the sampling timing control
circuit 9 instructs the sampling/holding circuit 8 to exe-
cute the sampling hold operation at timing of, for exam-
ple, several hundreds of milliseconds, thereby the sam-
pling/holding circuit 8 holds the forward direction voltag-
es VF of the EL elements. Then, the DC-DC converter
acting as the drive voltage source 6 controls the value
of the output voltage VH based on the forward direction
voltages VF of the EL elements.

[0049] In contrast, when the light emission luminance
of the light-emitting display panel is changed or when
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the light-emitting display panel starts to be lit as de-
scribed above, the sampling timing control circuit 9 in-
structs the sampling/holding circuit 8 to execute the
sampling hold at timing of, for example, several tens of
milliseconds for a predetermined period.

[0050] Fig. 2 shows an example of control executed
when the light emission luminance of the display panel
is dropped. That is, when the display panel is ordinarily
driven, the sampling/holding circuit 8 executes the sam-
pling hold at sampling intervals (several hundreds of mil-
liseconds) shown by c. Then, when the light emission
luminance of the display panel is dropped (changed),
the sampling/holding circuit 8 executes the sampling
hold at sampling intervals (several tens of milliseconds)
shown by c' for a predetermined period.

[0051] With this operation, the sampling/holding cir-
cuit 8 holds the forward direction voltages VF of the EL
elements, and the DC-DC converter acting as the drive
voltage source 6 controls the value of the output voltage
VH based on the forward direction voltages VF of the
EL elements. Since the output voltage VH is controlled
at the sampling intervals shown by c' in this case, the
luminance of the light-emitting elements drops stepwise
as shown in Fig. 2. However, this drop of luminance is
almost instantly executed as compared with the exam-
ple shown in Fig. 10. Accordingly, a user does not visu-
ally have afeeling that the light emission luminance gen-
tly changes stepwise.

[0052] Note that while the characteristics shown in
Fig. 2 show an example of control that is executed when
the light emission luminance of the display panel is
dropped, the light emission luminance also can be risen
almost instantly when the light emission luminance is
risen. Further, when the display device starts to be lit,
the value of the output voltage VH can be promptly risen
similarly by controlling the value of the output voltage
VH at the sampling intervals shown by c'. Thus, the user
visually has a feeling as if the light emission luminance
of the display device rises instantly.

[0053] Further, in the above operation, when the light
emission luminance of the display panel is changed
while it is being lit, the voltage output from the drive volt-
age source based on the forward direction voltages is
controlled at shorter timing. However, when, for exam-
ple, the light emission luminance of the light-emitting
display panelis changed beyond a predetermined range
set beforehand, the voltage output from the drive volt-
age source may be controlled at shorter timing.

[0054] Thatis, when the degree of change of the light
emission luminance of the light-emitting display panel is
within the predetermined range set beforehand, the
change of luminance is not so outstanding. In this case,
even if the sampling intervals of the sampling/holding
circuit 8 are relatively long as shown by c, the user does
not have an impression that the luminance is changed
gently.

[0055] According to the first control aspect, when the
light emission luminance of the light-emitting display
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panel is changed or when the light-emitting display pan-
el starts to be lit, the intervals, at which the forward di-
rection voltages of the EL elements are subjected to the
sampling hold, are set shorter than those in the ordinary
operation. As a result, the degree of electric power loss
caused by the sampling hold operation can be reduced.
[0056] Next, a second control aspect of the operation
of the sampling/holding circuit 8. controlled by the above
sampling timing control circuit 9 will be described. That
is, in the second control aspect, the voltage output from
the drive voltage source based on the forward direction
voltages of the elements is controlled only when the light
emission luminance of the light-emitting display panel is
changed or only when the light-emitting display panel
starts to be lit.

[0057] First, an operation executed when the light
emission luminance of the light-emitting display panel is
changed will be described. In this case, on receiving in-
formation indicating that the light emission luminance of
the light-emitting display panel is changed from the light
emission control circuit 4, the sampling timing control
circuit 9 sends an instruction signal to the sampling/
holding circuit 8, thereby the sampling/holding circuit 8
repeatedly executes the sampling operation at the short
intervals c' of several tens of milliseconds described
above for a predetermined period.

[0058] With this operation, when the light emission lu-
minance of the light-emitting display panel is dropped
as shown in Fig. 3, the forward direction voltages of the
elements are repeatedly sampled at the short intervals
¢', thereby the user visually has a feeling that the light
emission luminance of the display panel drops instantly.
Further, the operation is executed similarly when the
light emission luminance of the light-emitting display
panel is risen, thereby the user visually has a feeling
that the light emission luminance of the display panel
rises instantly.

[0059] Further, when the display device starts to be
lit, the value of the output voltage VH is controlled at the
sampling intervals shown by ¢', thereby the value of the
output voltage VH can be risen promptly. Thus, the user
visually has a feeling as if the light emission luminance
of the display device rises instantly.

[0060] The operation for sampling and holding the for-
ward direction voltages of the elements is executed only
when the light-emitting display panel starts to be lit or
only when the light emission luminance of the light-emit-
ting display panel is changed also in this case, a disad-
vantage that the electric power loss is caused by the
sampling hold operation at all times can be avoided.
[0061] Further, in the second control aspect, it is ef-
fective that the voltage output from the drive voltage
source based on the forward direction voltages of the
elements be controlled once only when the light emis-
sion luminance of the light-emitting display panel is
changed or only when the light-emitting display panel
starts to be lit. When the above control is executed, the
sampling operation is executed in a predetermined pe-
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riod of time (for example, in several seconds) after the
light emission luminance of the light-emitting display
panel has been changed or after the light-emitting dis-
play panel has started to be lit.

[0062] When the above control is executed, the inter-
vals at which the voltage output from the drive voltage
source are controlled are increased. However, the elec-
tric deterioration with age and temperature dependency
of the light-emitting elements can be sufficiently com-
pensated in practical use by the sampling operation at
the time.

[0063] Note that, in the above explanation, the for-
ward direction voltages of the respective EL elements
whose lighting is controlled by the constant current cir-
cuits 11 to In provided with the anode line drive circuit 2
are sampled and held as a means for obtaining the for-
ward direction voltages VF of the EL elements as shown
in Fig. 1. However, an arrangement shown in Fig. 4 may
be preferably used as the means for obtaining the for-
ward direction voltages VF of the EL elements.

[0064] That is, in the arrangement shown in Fig. 4, a
dummy organic EL element Ex that does not contribute
to light emission is formed as a film on the display panel
1 together with organic EL elements for display, and a
constant current is supplied to the dummy organic EL
element Ex through a constant current circuit 21 driven
by the output voltage VH. Then, the anode terminal of
the dummy organic EL element Ex is connected to the
inverted input terminal of an operational amplifier 22 and
the cathode terminal thereof is grounded as well as con-
nected to the non-inverted input terminal of the opera-
tional amplifier 22.

[0065] The operational amplifier 22 constitutes a neg-
ative feedback amplifier having a feedback resistor R9
connected between the output terminal of the operation-
al amplifier 22 and the inverted input terminal thereof,
and the output from the operational amplifier 22 is sup-
plied to the sampling/holding circuit 8 shown in Fig. 1.
According to this arrangement, the forward direction
voltages VF of the EL elements can be obtained at all
times making use of the dummy organic EL element Ex,
thereby the switches Sh1 to Shn, and the like as shown
in Fig. 1 can be omitted.

[0066] Note that when this arrangement is employed,
the dummy organic EL element Ex is also lit. Thus, it is
preferable to provide a masking for concealing the lit
state of the dummy organic EL element Ex as neces-
sary.

[0067] Further, while the above description has been
made as to the passive matrix drive system as an ex-
ample, the present invention is by no means limited to
the passive matrix drive system and also can be applied
to an active matrix drive system.

[0068] As apparent from the above explanation, ac-
cording to the display device making use of the drive
method of the present invention, in a case in which, for
example, the light emission luminance of the light-emit-
ting display panel is changed or in other case, since the
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output voltage from the drive voltage source is control-
led at timing having intervals shorter than those in an
ordinary state, the gentle changing characteristics of the
light emission luminance of the display device can be
improved.

Claims

1. Adrive method of a light-emitting display panel in-
cluding light-emitting elements whose lighting is
controlled through constant current circuits, com-
prising the steps of:

supplying constant currents to the light-emitting
elements from the constant current circuits
making use of the voltage output from a drive
voltage source;

controlling the voltage output from the drive
voltage source based on the forward direction
voltages of the light-emitting elements; and
adjusting the timing at which the voltage output
from the drive voltage source is controlled
based on the lighting drive condition of the light-
emitting elements.

2. Adrive method of a light-emitting display panel ac-
cording to claim 1, wherein when the light-emitting
display panel starts to be lit, the voltage output from
the drive voltage source based on the forward di-
rection voltages is controlled at timing of shorter in-
tervals.

3. A drive method of a light-emitting display panel ac-
cording to claim 1, wherein when the light emission
luminance of the light-emitting display panel is
changed, the voltage output from the drive voltage
source based on the forward direction voltages is
controlled at timing of shorter intervals.

4. Adrive method of a light-emitting display panel ac-
cording to claim 1, wherein when the light emission
luminance of the light-emitting display panel is
changed beyond a predetermined range set before-
hand, the voltage output from the drive voltage
source based on the forward direction voltages is
controlled at timing of shorter intervals.

5. A drive method of a light-emitting display panel ac-
cording to claim 1, wherein the voltage output from
the drive voltage source based on the forward di-
rection voltages is controlled when the light-emitting
display panel starts to be lit.

6. A drive method of a light-emitting display panel ac-
cording to claim 1, wherein the voltage output from
the drive voltage source based on the forward di-
rection voltages is controlled when the light emis-



10.

1.

12

13.

14.

15

sion luminance of the light-emitting display panel is
changed.

A drive method of a light-emitting display panel ac-
cording to claim 5 or 6, wherein the voltage output
from the drive voltage source based on the forward
direction voltages is repeatedly controlled a plurality
of times when the light-emitting display panel starts
to be lit or when the light emission luminance of the
light-emitting display panel is changed.

A drive method of a light-emitting display panel ac-
cording to any one of claims 1 to 6, wherein the for-
ward direction voltages are sampled at the timing
at which constant currents are supplied from the
constant current circuits to the light-emitting ele-
ments, and the forward direction voltages are ob-
tained by a sampling/holding circuit for holding the
sampled voltage values.

A drive method of a light-emitting display panel ac-
cording to claim 7, wherein the forward direction
voltages are sampled at the timing at which the con-
stant currents are supplied from the constant cur-
rent circuits to the light-emitting elements, and the
forward direction voltages are obtained by a sam-
pling/holding circuit for holding the sampled voltage
values.

A drive method of a light-emitting display panel ac-
cording to any one of claims 1 to 6, wherein the for-
ward direction voltages are obtained by adding a
constant current to a dummy light-emitting element
that does not contribute to the light emission of the
light-emitting display panel.

A drive method of a light-emitting display panel ac-
cording to claim 7, wherein the forward direction
voltages are obtained by adding a constant current
to a dummy light-emitting element that does not
contribute to the light emission of the light-emitting
display panel.

A drive method of a light-emitting display panel ac-
cording to any one of claims 1 to 6, wherein a volt-
age drop in the constant current circuits is controlled
substantially constant by controlling the voltage out-
put from the drive voltage source.

A drive method of a light-emitting display panel ac-
cording to claim 7, wherein a voltage drop in the
constant current circuits is controlled substantially
constant by controlling the voltage output from the
drive voltage source.

A drive method of a light-emitting display panel ac-
cording to any one of claims 1 to 6, wherein a volt-
age increasing type DC-DC converter is used as the
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drive voltage source.

A drive method of a light-emitting display panel ac-
cording to claim 7, wherein a voltage increasing
type DC-DC converter is used as the drive voltage
source.

An organic EL display device, wherein the light-
emitting elements are composed of organic EL el-
ements driven and lit by a drive method according
to any one of claims 1 to 6.

An organic EL display device, wherein the light-
emitting elements are composed of organic EL el-
ements driven and lit by a drive method according
to claim 7.

An organic EL display device, wherein the light-
emitting elements are composed of organic EL el-
ements driven and lit by a drive method according
to claim 8.

An organic EL display device, wherein the light-
emitting elements are composed of organic EL el-
ements driven and lit by a drive method according
to claim 9.

An organic EL display device, wherein the light-
emitting elements are composed of organic EL el-
ements driven and lit by a drive method according
to claim 10.

An organic EL display device, wherein the light-
emitting elements are composed of organic EL el-
ements driven and lit by a drive method according
to claim 11.

An organic EL display device, wherein the light-
emitting elements are composed of organic EL el-
ements driven and lit by a drive method according
to claim 12.

An organic EL display device, wherein the light-
emitting elements are composed of organic EL el-
ements driven and lit by a drive method according
to claim 13.

An organic EL display device, wherein the light-
emitting elements are composed of organic EL el-
ements driven and lit by a drive method according
to claim 14.

An organic EL display device, wherein the light-
emitting elements are composed of organic EL el-
ements driven and lit by a drive method according
to claim 15.
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