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Description

BACKGROUND

Field

[0001] The field relates to an organic light emitting dis-
play device and a method of setting a driving voltage
thereof, and more particularly, to an organic light emitting

display device and method resulting in reduced power.

Description of the Related Technology

[0002] Variousflatpaneldisplay devices thathave light
weight and small volume when compared to a cathode
ray tube have been developed. Among the flat panel dis-
play devices, an organic light emitting display device,
which uses an organic compound as light emitting ma-
terial, has various advantages in view of brightness and
color purity so that it has been viewed as a next gener-
ation display device.

[0003] The organic light emitting display device as de-
scribed above is coupled between supply linens of high
power voltage and low power voltage and use organic
light emitting diodes OLED emitting light of a brightness
corresponding to data signals to display an image.
[0004] Inordertoallowthe organiclightemitting diodes
to emit light uniformly during the emission periods of each
frame, the voltage difference between the high power
voltage and the low power voltage, that is, a driving volt-
age, should be sufficiently stable.

[0005] To this end, in the general organic light emitting
display device, the driving voltage is set, having a voltage
margin of about 30%, so that the sufficient driving voltage
is determined based on the fluctuation in the driving volt-
age by the temperature characteristics of the organic light
emitting diodes themselves and on the deviation in the
driving voltage according to the emission colors.

[0006] However, the organic light emitting display de-
vice is typically operated according to an assumed con-
dition. Therefore, the conventional voltage margin set by
considering all conditions including even unnecessary
conditions leads to unnecessary power consumption,
thereby causing an unnecessary increase in power con-
sumption.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0007] Afirst aspect of the invention provides a driving
method for an organic light emitting display device as set
forthin claim 1. A second aspect of the invention provides
an organic light emitting display device carrying out the
driving method of the firstinventive aspect. Preferred em-
bodiments are subject of the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, together with the
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written description illustrate exemplary embodiments.
[0009] FIG. 1is a circuit view showing one example of
a pixel according to some embodiments;

[0010] FIG. 2 is a graph showing a panel current ac-
cording to a driving voltage of a panel;

[0011] FIG. 3 is a block diagram showing an organic
light emitting display device according to some embodi-
ments; and

[0012] FIG. 4 is a block diagram showing an example
of the current detector of FIG. 3.

DETAILED DESCRIPTION OF CERTAIN INVENTIVE
EMBODIMENTS

[0013] Hereinafter, certain exemplary embodiments
will be described with reference to the accompanying
drawings. Herein, when a first element is described as
being coupled to a second element, the first element may
be directly coupled to the second element or may be in-
directly coupled to the second element via a third ele-
ment. Further, some of the elements that are not essential
to the complete understanding of the invention are omit-
ted for clarity. Also, like reference numerals generally
refer to like elements throughout.

[0014] Hereinafter, exemplary embodiments will be
described with reference to the accompanying drawings.
[0015] FIG, 1is a circuit view showing one example of
a pixel according to some embodiments. For conven-
ience of explanation, a pixel of an active type organic
light emitting display device having a simple structure will
be exemplified in FIG. 1.

[0016] Referring to FIG. 1, the pixel 10 includes an
organic light emitting diode OLED coupled between a
supply line of first power voltage ELVDD and a supply
line of second power supply ELVSS and a pixel circuit
12 that controls the organic light emitting diode OLED.
[0017] In this embodiment, the anode electrode of the
organiclight emitting diode OLED is coupled to the supply
line of the first power supply ELVDD via the pixel circuit
12 and the cathode electrode thereof is coupled to the
supply line of the second power supply ELVSS. Herein,
the first power voltage ELVDD is a high power voltage
and the second power voltage ELVSS is a low power
voltage lower than the first power voltage ELVDD.
[0018] The organic light emitting diode OLED as de-
scribed above emits light at a brightness corresponding
to the driving current supplied from the pixel circuit 12.
[0019] The pixel circuit 12 includes a first transistor M1,
a second transistor M2, and a capacitor C1.

[0020] The firsttransistor M1 is coupled between a da-
taline Dmand a first node N1, wherein the gate electrode
of the first transistor M1 is coupled to a scan line Sn.
When a scan signal is supplied from the scan line Sn,
the first transistor M1 is turned on to transfer the data
signal from the data line Dm to the first node N1.
[0021] The second transistor M2 is coupled between
the supply line of the first power voltage ELVDD and the
organic light emitting diode OLED, wherein the gate elec-
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trode of the second transistor M2 is coupled to the first
node N1. The second transistor M2 as described above
supplies the driving current corresponding to the voltage
V/gs between the source electrode and the gate electrode
thereof to the organic light emitting diode OLED.

[0022] The capacitor Cst is coupled between the first
node N1 and the supply line of the first power voltage
ELVDD. In other words, the capacitor Cst is coupled be-
tween the source electrode and the gate electrode of the
second transistor M2. When the scan signal is supplied
from the scan line Sn, the capacitor Cst is charged with
the voltage corresponding to the data signal at the first
node N1 to store it for one frame.

[0023] When the scan signal is supplied from the scan
line Sn, the first transistor M1 is turned on and the data
signal is transferred to the first node N1 from the data
line Dm. At this time, the capacitor Cst is charged with
the voltage corresponding to the difference between the
data signal and the first power voltage ELVDD to store
it until the data signal of the next frame is supplied.
[0024] The second transistor M2 acts as a constant
current source supplying current corresponding to the
data signal to the organic light emitting diode OLED, ac-
cording to the voltage Vgs between the gate electrode
and the source electrode thereof as maintained by the
capacitor Cst. Accordingly, the organic light emitting di-
ode OLED emits light at the brightness corresponding to
the data signal.

[0025] In order that the organic light emitting diode
OLED uniformly emits light according to the data signal
during the emission periods of the respective frames, the
second transistor M2 is to be a stable constant current
source during the emission period of each frame.
[0026] To this end, not only the voltage Vgs between
the gate electrode and the source electrode of the second
transistor M2 but also the voltage Vds between the
source electrode and the drain electrode are to be stable.
Therefore, the voltage difference between the high power
voltage and the low power voltage, that is, the driving
voltage, is to be stable from frame to frame while the
panel is driven.

[0027] For a given Vgs, a driving voltage, or Vds can
be selected for stable, power efficient operation. A driving
voltage which is too low causes high dependence of the
driving current on the Vds. That is, for a small change in
Vds a large current change occurs. This results in unde-
sired brightness variation. A driving voltage which is too
high results in unnecessarily high power consumption.
Therefore, some embodiments include a method to re-
duce power consumption by setting a driving voltage that
results in low power driving current which is substantially
independent of variation in Vds. The detailed description
thereof will be described below.

[0028] FIG. 2 is a graph showing a panel current ac-
cording to a driving voltage of a panel. In FIG. 2, the
driving voltage of the panel is the voltage difference be-
tween the first power voltage ELVDD and the second
power voltage ELVSS and the panel current represents
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the total amount of current flowing through the panel light
emitting diodes.

[0029] Referring to FIG. 2, for low driving voltages, as
the driving voltage of the panel is increased, the amount
of current flowing on the panel is also increased. How-
ever, in the voltage region greater than a certain driving
voltage, the current is substantially constant.

[0030] An optimal driving voltage can reduce unnec-
essary voltage margin, while securing substantially con-
stant current of the driving transistor. In some embodi-
ments, an optimal driving voltage may be selected as the
voltage at which the slope of the current vs. driving volt-
age curve is less than a threshold. The optimal driving
voltage may be used as the driving voltage that drives
the organic light emitting display device.

[0031] In some embodiments, an optimal driving volt-
age may be obtained by detecting the driving voltage at
the current at a turning point where the derivatives of the
panel current according to the driving voltage is changed.
[0032] In some embodiments, the optimal driving volt-
age for each of the respective emission colors is different.
In such embodiments, the highest of the optimal driving
voltages may be selected as a single optimal driving volt-
age for all colors.

[0033] In FIG. 2, the points marked with stars are the
points where the respective emission colors emit light at
desired brightness (for example, brightness of
350cd/m2), the driving voltage at A may be selected as
the optimal driving voltage. In this case, the unnecessary
power consumption due to the unnecessary voltage mar-
gin of approximately 30% of the driving voltage at B is
not necessary.

[0034] As a result, low voltage can be used for low
power, while still achieving substantially constant cur-
rent. Beneficially, the value of A may be determined while
operating the display. The detailed description thereof
will be described later with reference to FIGS. 3 and 4.
[0035] FIG. 3 is a block diagram showing an organic
light emitting display device according to some embodi-
ments, and FIG. 4 is a block diagram showing an example
of the current detector of FIG. 3.

[0036] Referring to FIG. 3, the organic light emitting
display device includes a display panel 100 that display
an image, a power supplier 110 that supplies a driving
voltage to the display panel 100, and a current detector
120 that detects a panel current flowing into the display
panel 100 according to the driving voltage.

[0037] The display panel 100 may be implemented as
an active type organic light emitting display panel that
includes pixels as shown in FIG. 1 or active type pixels
having a pixel structure that is variously modified, or a
passive type organiclight emitting display panel that does
not include active elements in the pixel. Also, the display
panel 100 may further include a driving circuit such as a
scan driver and/or a data driver, etc., according to the
design scheme thereof.

[0038] The display panel 100 as described above is
turned on by the driving voltage supplied from the power



5 EP 2 282 307 A1 6

supplier 110, to display an image corresponding to a data
signal.

[0039] The power supplier 110 supplies the driving
voltage to the display panel 100. More specifically, the
power supplier 110 outputs a first power voltage ELVDD
to a positive output terminal and outputs a second power
voltage ELVSS to a negative output terminal. According-
ly, the display panel 100 is driven by the driving voltage,
which is the voltage difference between the first power
voltage ELVDD and the second power voltage ELVSS.
[0040] In some embodiments, the power supplier 110
includes a variable circuit (not shown) that varies the driv-
ing voltage so that the optimal driving voltage is used.
For example, the power supplier 110 may include a var-
iable circuit that varies the driving voltage by varying the
first power voltage ELVDD.

[0041] The current detector 120 detects a panel cur-
rent flowing into the display panel 100 while the driving
voltage is supplied from the power supplier 110 to the
display panel 100. For example, the current detector 120
is positioned on the first power supply line that transfers
the first power voltage ELVDD from the power supplier
110 to the display panel 100 to measure the current flow-
ing in the first power supply line, thereby making it pos-
sible to detect the panel current flowing into the display
panel 100.

[0042] The current detector 120 calculates the varia-
tions of the panel current according to the driving voltage,
thereby allowing the optimal driving voltage as shown in
the time point A in FIG. 2 to be selected.

[0043] As shown in FIG. 4, the current detector 120
may include a current sensor 122 that detects the panel
current Ipanel flowing to the display panel and a variation
calculator 124 that calculates the variations of the panel
current. Also, the current detector 120 may further in-
clude a control signal generator 126 that controls the
power supplier 110 based on the variations dlpanel of
the panel current calculated by the variation calculator
124.

[0044] Accordingly, the current sensor 122 detects the
panel current Ipanel flowing to the display panel while
the driving voltage is supplied to the display panel 100.
A signal based on the panel current Ipanel detected from
the current sensor 122 is input to the variation calculator
124.

[0045] The variation calculator 124 calculates the var-
iations of the panel current according to the driving volt-
age. The derivatives of the panel current may be calcu-
lated. Accordingly, the variation calculator 124 may out-
put the derivative of the panel current according to the
driving voltage and may, for example, be an analog dif-
ferentiator. The information on the variations of the panel
current calculated from the variation calculator 124 is in-
put into the control signal generator 126.

[0046] The control signal generator 126 generates a
control signal CS that controls the power supplier 110
according to the variations of the panel current. For ex-
ample, the control signal generator 126 may generate a
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control signal so that the power supplier 110 generates
a driving voltage substantially equal to the lowest driving
voltage where the derivative of the panel current accord-
ing to the driving voltage is less than a threshold.
[0047] In some embodiments, the control signal gen-
erator 126 is included in the current detector 120, but the
control signal generator 126 may be separate from the
current detector 120 or may also be in an output voltage
setting block in the power supplier 110.

[0048] The organic light emitting display device ac-
cording to some embodiments varies the driving voltage
output into the display panel 100 from the power supplier
110 to detect the panel current Ipanel flowing into the
display panel 100 and to calculate the variations of the
panel current according to the driving voltage, in order
to set an optimal driving voltage.

[0049] A method of setting a driving voltage for an or-
ganiclight emitting display device according to some em-
bodiments includes varying a driving voltage in a power
supplier 110 and supplying it to a display panel 100, de-
tecting a panel current Ipanel flowing into the display pan-
el 100 during a period when the driving voltage is varied
and supplied, and calculating the variations of the panel
current according to the driving voltage and setting an
optimal driving voltage based on the variations.

[0050] An optimal driving voltage may be set as the
driving voltage at the point where the driving voltage at
a turning point where the derivatives of the panel current
according to the driving voltage is changed. (e.g. the driv-
ing voltage at the point where the derivative of the panel
current is reduced as the driving voltage is increased).
[0051] In some embodiments, the display panel 100
displays an image while the current and driving voltage
data is taken.

[0052] In some embodiments, the display panel 100
displays an image of maximum luminance while the cur-
rent and driving voltage data is taken. However, the em-
bodiment is not limited thereto. The data can be taken
while a still screen is displayed. The display panel does
notalways set the optimal driving voltage while displaying
a full-white screen. For example, after detecting the op-
timal driving voltage for each emission color, the driving
voltage to drive the organic light emitting display device
may be finally determined based thereon. Also, in the
case of the passive type organic light emitting display
device, after detecting the optimal driving voltage for
each emission color, the driving voltage optimized for
each emission color may be applied at the time of driving.
[0053] Moreover, if the optimal driving voltage is set in
the manner as described above under a condition match-
ing the environment where the organic light emitting dis-
play device is to be driven, the constant current may be
flowed to the panel during the light emitting period of the
respective frames, while preventing the voltage margin
from being set in consideration of all of unnecessary con-
ditions. Therefore, the unnecessary voltage margin is
minimized, making it possible to reduce the power con-
sumption.



7 EP 2 282 307 A1 8

[0054] In addition, in some embodiments, the display
sets the optimal driving voltage in consideration of the
environment to be driven before it comes to the market
or it can also be variously designed so that the optimal
driving voltage is changed and set according to the
change in the environment during the use thereof.

Claims

1. A method of setting a driving voltage for an organic
light emitting display device, the method comprising:

sequentially supplying a plurality of different
driving voltages to a display panel;

detecting a panel current flowing into the display
panel for each of the plurality of different driving
voltages;

calculating variations of the panel current result-
ing from the plurality of different driving voltages;
and

determining an optimal driving voltage based on
the variations of the panel current.

2. The method as claimed in claim 1, wherein the op-
timal driving voltage is determined as a driving volt-
age at a point where the derivative of the panel cur-
rent with respect to the driving voltage changes.

3. The method as claimed in one of the claims 1 or 2,
wherein the optimal driving voltage is determined as
a driving voltage at a point where the derivative of
the panel current with respect to the driving voltage
is reduced below a threshold.

4. The method as claimed in one of the preceding
claims, wherein the display panel displays a still im-
age while panel current data for calculating the var-
iations of the panel current is detected.

5. The method as claimed in claim 4, wherein the dis-
play panelis supplied with image data corresponding
to a maximum gray scale while the panel current
datafor calculating the variations of the panel current
is detected.

6. The method as claimed in one of the preceding
claims, wherein the optimal driving voltage is deter-
mined by selecting the greatest of multiple driving
voltages, each of the multiple driving voltages being
determined as an optimal driving voltage for one of
a plurality of colours of organic light emitting diodes
included in the organic light emitting display device.

7. Anorganic light emitting display device, comprising:

a display panel comprising a plurality of organic
light emitting of at least one colour;
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10.

1.

12,

13.

14.

15.

a power supplier configured to supply a variable
driving voltage to the display panel, the variable
driving voltage having a voltage value deter-
mined by a driving voltage control signal;

a current detector configured to detect a panel
current flowing from the power supplier into the
display panel; and

a controller connected to the power supplier and
the current detector and adapted to carry out the
method of one of the preceding claims.

The organic light emitting display device as claimed
in claims 7, wherein the power supplier is configured
to output a first power voltage to a positive output
terminal and a second power voltage to a negative
output terminal, and the driving voltage is a voltage
difference between the first power voltage and the
second power voltage.

The organic light emitting display device as claimed
in claim 8, wherein the first power voltage is a high
power voltage and the second power voltage is a
low power voltage.

The organic light emitting display device as claimed
in claim 9, wherein the power supplier is configured
to vary the driving voltage by varying the first power
voltage.

The organic light emitting display device as claimed
in one of the claims 8 through 10, wherein the current
detector is connected to a first power supply line con-
nected to the positive output terminal and to the dis-
play panel and is configured to detect the panel cur-
rent flowing in the first power supply line.

The organic light emitting display device as claimed
in one of the claims 7 through 11. wherein the current
detector includes:

acurrentsensor adapted to detect the panel cur-
rent; and

a variation calculator adapted to calculate the
variations of the panel current.

The organic light emitting display device as claimed
in claim 12, wherein the variation calculator is adapt-
ed to output the derivative of the panel current with
respect to the driving voltage.

The organic light emitting display device as claimed
in claim 13, wherein the variation calculator compris-
es an analog differentiator adapted to output the de-
rivative of the panel current with respect to the driving
voltage.

The organic light emitting display device as claimed
in one of the claims 7 through 14, wherein the con-
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troller further includes a control signal generator
adapted to generate a control signal for controlling
the power supplier.
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