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(57) ABSTRACT

A method of detecting a defect in an organic light-emitting
display device includes: preparing an organic light-emitting
display device including an organic light-emitting display
panel which includes a plurality of pixels, where each of the
pixels includes a driving transistor which operates in a satu-
ration region or a transition region based on a potential dif-
ference between a source and a drain thereof and outputs a
driving current, and an organic light-emitting diode which
emits light based on the driving current; providing a plurality
of voltages to the organic light-emitting display panel to
operate the driving transistor in the transition region, and

G09G 3/00 (2006.01) determining whether the organic light-emitting display
GOIR 31/44 (2006.01) device is defective based on an image, which is displayed on
HOIL 27/32 (2006.01) the organic light-emitting display panel based on data applied
GOIR 3126 (2006.01) thereto.
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND METHOD OF DETECTING
DEFECT IN THE ORGANIC
LIGHT-EMITTING DISPLAY DEVICE

[0001] This application claims priority to Korean Patent
Application No. 10-2013-0100445, filed on Aug. 23, 2013,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the content of which in its entirety is herein incorporated by
reference.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments of the invention relate to
an organic light-emitting display device and a method of
detecting a defect in the organic light-emitting display device,
and more particularly, to an organic light-emitting display
device and a method of easily detecting a dark spot defect in
the organic light-emitting display device.

[0004] 2. Description of the Related Art

[0005] As portable display devices, such as notebooks,
mobile phones and portable media players (“PMP”s) as well
as fixed display devices, such as televisions (“TV”s) and
monitors, become lighter and thinner, various flat panel dis-
play devices are being widely used for such devices. A flat
panel display device includes a display panel for displaying
an image and may be classified into a liquid crystal display
device, an organic light-emitting display device, an electro-
phoretic display device, etc. based on the type of the display
panel.

[0006] An organic light-emitting display device may
include a plurality of pixels, and each of the pixels may
include an anode, a cathode, and an organic light-emitting
layer interposed between the anode and the cathode. The
organic light-emitting layer may emit light at a luminance
level corresponding to an electric current flowing between the
anode and the cathode. The organic light-emitting display
device may display a desired image by controlling the electric
current flowing between the anode and the cathode.

[0007] When an organic light-emitting display panel is
manufactured, impurities (such as moisture or oxygen) that
penetrate into the organic light-emitting display panel may
oxidize or contaminate an organic light-emitting layer,
thereby degrading the performance of an organic light-emit-
ting diode. Furthermore, outgassing from an organic insulat-
ing layer included in the organic light-emitting display panel
may contaminate the organic light-emitting layer, thereby
degrading the performance of the organic light-emitting
diode. Organic light-emitting diodes located in a region hav-
ing impurities or outgassing may be degraded. Thus, the
emission luminance of the organic light-emitting diodes
located in the region having impurities or outgassing may be
lower than the emission luminance of normal organic light-
emitting diodes such that dark spots may occur on the organic
light-emitting display panel and cause defects in the organic
light-emitting display device.

[0008] The degradation of an organic light-emitting diode
due to impurities or outgassing may gradually develop over
time. Therefore, a dark spot may not be visible immediately
after the production of a product and may become clearly
visible over time. Thus, a dark spot defect undetected imme-
diately after the production of the product may be detected
after the passage of time.
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SUMMARY

[0009] Exemplary embodiments of the invention provide a
method of detecting a dark spot defect in an organic light-
emitting display device.

[0010] Exemplary embodiments of the invention also pro-
vide an organic light-emitting display device in which a dark
spot defect is effectively and efficiently detected.

[0011] According to an exemplary embodiment of the
invention, a method of detecting a defect in an organic light-
emitting display device includes: preparing an organic light-
emitting display device including an organic light-emitting
display panel which includes a plurality of pixels, where each
of the pixels includes a driving transistor which operates in a
saturation region or a transition region based on a potential
difference between a source and a drain thereof and outputs a
driving current, and an organic light-emitting diode which
emits light based on the driving current; providing a plurality
of voltages to the organic light-emitting display panel to
operate the driving transistor in the transition region, and
determining whether the organic light-emitting display
device is defective based on an image, which is displayed on
the organic light-emitting display panel based on data applied
thereto.

[0012] According to another exemplary embodiments of
the invention, an organic light-emitting display device
includes an organic light-emitting display panel comprising a
plurality of pixels, where each of the pixels includes a driving
transistor which operates in a saturation region or a transition
region based on a potential difference between a source and a
drain thereof and outputs a driving current, and an organic
light-emitting diode which emits light based on the driving
current. In such an embodiment, the organic light-emitting
display panel operates in a normal mode or a defect determi-
nation mode, and the driving transistor operates in the satu-
ration region when the organic light-emitting display panel
operates in the normal mode, and operates in the transition
region when the organic light-emitting display panel operates
in the defect determination mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other features of the invention will
become more apparent by describing in detail exemplary
embodiments thereof with reference to the attached drawings,
in which:

[0014] FIG. 1 is a flowchart illustrating an exemplary
embodiment of a method of detecting a defect in an organic
light-emitting display device, according to the invention;
[0015] FIG. 2 is a block diagram showing an exemplary
embodiment of an organic light-emitting display device,
according to the invention;

[0016] FIG. 3 is a circuit diagram showing a pixel of an
exemplary embodiment of an organic light-emitting display
device, according to the invention;

[0017] FIG. 4 is a graph illustrating the relationship
between a potential difference between a drain and a source of
a driving transistor and a driving current in an exemplary
embodiment of an organic light-emitting display device,
according to the invention;

[0018] FIG. 5 is a flowchart illustrating an exemplary
embodiment of an operation of determining whether an
organic light-emitting display device is defective, according
to the invention;



US 2015/0054542 Al

[0019] FIG. 6 is a diagram illustrating gray values of a
plurality of pixels an exemplary embodiment of an organic
light-emitting display device, according to the invention;
[0020] FIG. 7 is a block diagram showing an alternative
exemplary embodiment of an organic light-emitting display
device, according to the invention; and

[0021] FIG. 8 is a graph illustrating the relationship
between a potential difference between adrain and a source of
a driving transistor and a driving current of an exemplary
embodiment of an organic light-emitting display device,
according to the invention.

DETAILED DESCRIPTION

[0022] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which various embodiments are shown. This invention may,
however, be embodied in many different forms, and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0023] It will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be therebe-
tween. In contrast, when an element is referred to as being
“directly on” another element, there are no intervening ele-
ments present.

[0024] Ttwill be understood that, although the terms “first,”
“second,” “third” etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, “a first element,” “component,” “region,” “layer” or
“section” discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings herein.

[0025] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting. As used herein, the singular forms “a,” “an,” and
“the” are intended to include the plural forms, including “at
least one,” unless the content clearly indicates otherwise.
“Or” means “and/or”” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/or
“including” when used in this specification, specify the pres-
ence of stated features, regions, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, regions, inte-
gers, steps, operations, elements, components, and/or groups
thereof.

[0026] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another element as
illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, if the device in one of the figures is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on “upper” sides of the other
elements. The exemplary term “lower,” can therefore, encom-
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passes both an orientation of “lower” and “upper,” depending
on the particular orientation of the figure. Similarly, if the
device in one of the figures is turned over, elements described
as “below” or “beneath” other elements would then be ori-
ented “above” the other elements. The exemplary terms
“below” or “beneath” can, therefore, encompass both an ori-
entation of above and below.

[0027] “About” or “approximately” as used herein is inclu-
sive of the stated value and means within an acceptable range
of deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement in
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within +30%, 20%, 10%, 5% of the
stated value.

[0028] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this disclosure belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the disclosure, and will not be interpreted in an idealized
or overly formal sense unless expressly so defined herein.
[0029] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not be
construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated in
the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are not
intended to limit the scope of the claims.

[0030] Hereinafter, exemplary embodiments of the inven-
tion will be described with reference to the accompanying
drawings.

[0031] FIG. 1 is a flowchart illustrating an exemplary
embodiment of a method of detecting a defect in an organic
light-emitting display device, according to the invention.
Referring to FIG. 1, an exemplary embodiment of the method
of detecting a defect in an organic light-emitting display
device includes preparing an organic light-emitting display
device (operation S10), providing a plurality of voltages to an
organic light-emitting display panel to operate a driving tran-
sistor in a transition region (operation S20), and determining
whether the organic light-emitting display device is defective
(operation S30).

[0032] An organic light-emitting display device prepared
in the preparing of the organic light-emitting display device
(operation S10) will now be described in detail with reference
to FIG. 2. FIG. 2 is a block diagram showing an exemplary
embodiment of an organic light-emitting display device 1,
according to the invention.

[0033] Referring to FIG. 2, the organic light-emitting dis-
play device 1 includes an organic light-emitting display panel
10. The organic light-emitting display panel 10 may display
an image corresponding to zeroth through n™ scan signals S0
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through Sn transmitted from a scan driver 30 and first through
m™” data signals D1 through Dm transmitted from a data
driver 40. The organic light-emitting display panel 10
includes a plurality of pixels PX. The pixels PX may be
arranged substantially in a matrix form. The pixels PX may
emit light at luminance levels corresponding to the zeroth
through n™ scan signals SO through Sn and the first through
m™ data signals D1 through Dm, thereby displaying an image
on the organic light-emitting display panel 10.

[0034] The pixels PX will now be described in greater
detail with reference to FIG. 3. FIG. 3 is a circuit diagram of
a pixel PX of an exemplary embodiment of an organic light-
emitting display device according to the invention.

[0035] Referring to FIG. 3, the pixel PX includes a driving
transistor Td and an organic light-emitting diode OLED. The
driving transistor Td may include a gate G connected to a first
node N1, a source S connected to a second node N2, and a
drain D connected to a third node N3. The driving transistor
Td may control a driving current Id. The driving current Id
may be an electric current flowing from the source S to the
drain D of the driving transistor Td. The driving current Id
may be an electric current flowing to the organic light-emit-
ting diode OLED, and the organic light-emitting diode OLED
may emit light at a luminance level corresponding to the
driving current Id. The magnitude of the driving current Id
may correspond to a potential difference between the gate G
and the source S of the driving transistor Td and a potential
difference between the drain D and the source S of the driving
transistor Td. As the potential difference between the gate G
and the source S increases, the driving current Id may
increase, and as the potential difference between the drain D
and the source S increase, the driving current Id may increase.
When the potential difference between the gate G and the
source S is maintained constant, the driving current Id may be
controlled based on the potential difference between the drain
D and the source S.

[0036] The relationship between a potential difference Vds
between the drain D and the source S and the driving current
1d will now be described in greater detail with reference to
FIG. 4. FIG. 4 is a graph illustrating the relationship between
the potential difference Vds between the drain D and the
source S of the driving transistor Td and the driving current Id
in an exemplary embodiment of an organic light-emitting
display device according to the invention.

[0037] Referring to FIG. 4, the potential difference Vds
between the drain D and the source S may be a value obtained
by subtracting a voltage of the source S from a voltage of the
drain D. The driving current Id may increase as the absolute
value of the potential difference Vds between the drain D and
the source S increases. The driving transistor Td may operate
in a saturation region SR or a transition region TR according
to a change in the driving current Id which corresponds to a
change in the potential difference Vds between the drain D
and the source S. The potential difference Vds between the
drain D and the source S may be greater in the saturation
region SR than in the transition region TR. The change in the
driving current Id which corresponds to the change in the
potential difference Vds between the drain D and the source S
may be less in the saturation region SR than in the transition
region TR. In one exemplary embodiment, for example, when
the potential difference Vds between the drain D and the
source S changes from a first voltage Vds1 to a second voltage
Vds2 in the saturation region SR, the driving current Id may
be changed by a first current la. When the potential difference
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Vds between the drain D and the source S changes from a
third voltage Vds3 to a fourth voltage Vds4 in the transition
region TR, the driving current Id may be changed by a second
current Ib which is greater than the first current Ia. Here, a
difference between the first voltage Vds1 and the second
voltage Vds2is equal to a difference between the third voltage
Vds3 and the fourth voltage Vds4. In such an embodiment,
where the change in the driving current Id according to the
change in the potential difference Vds between the drain D
and the source S is greater in the transition region TR than in
the saturation region SR, a change in the luminance of the
organic light-emitting diode OLED is also greater in the
transition region TR than in the saturation region SR.

[0038] Referring back to FIG. 3, an anode of the organic
light-emitting diode OLED may be connected to the drain D
of the driving transistor Td. The organic light-emitting diode
OLED may emit light at a luminance level corresponding to
the driving current Id. In such an embodiment, when the
driving current Id increases, the emission luminance of the
organic light-emitting diode OLED may also increase
accordingly. The organic light-emitting diode OLED may
include a cathode, the anode, and an organic light-emitting
layer interposed between the cathode and the anode. In such
an embodiment, external moisture or gas that penetrates into
the organic light-emitting display panel 10 may oxidize or
deform the organic light-emitting layer, thereby degrading
the performance of the organic light-emitting layer. In such an
embodiment, outgassing generated within the organic light-
emitting display panel 10 may oxidize or deform the organic
light-emitting layer, thereby degrading the performance of
the organic light-emitting layer. The degradation of the per-
formance of the organic light-emitting layer may increase
internal resistance of the organic light-emitting layer, and the
increased internal resistance of the organic light-emitting
layer may reduce the potential difference Vds between the
drain D and the source S of the driving transistor Td. In such
an embodiment, an electric potential of the anode of the
organic light-emitting diode OLED having the degraded
organic light-emitting layer may be greater than an electric
potential of an anode of an organic light-emitting diode
OLED having a normal organic light-emitting layer by a
value obtained by multiplying an increase in the internal
resistance of the organic light-emitting layer by the driving
current Id. When the electric potential of the anode of the
organic light-emitting diode OLED increases, the electric
potential of the drain D of the driving transistor Td connected
to the anode also increases. Accordingly, the potential differ-
ence Vds between the drain D and the source S of the driving
transistor Td may decrease. The decreased potential differ-
ence Vds between the drain D and the source S of the driving
transistor Td may reduce the driving current 1d, and the lumi-
nance of the organic light-emitting diode OLED is thereby
reduced. A reduction in the driving current Id due to the
degradation of the organic light-emitting layer may be greater
when the driving transistor Td operates in the transition
region TR than when the driving transistor Td operates in the
saturation region SR. Accordingly. a reduction in the lumi-
nance of the organic light-emitting diode OLED may also be
greater in the transition region TR than in the saturation
region SR.

[0039] The potential difference Vds between the drain D
and the source S of the driving transistor Td may correspond
to a first power supply voltage ELVDD and a second power
supply voltage ELVSS. The first power supply voltage
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ELVDD may be higher than the second power supply voltage
ELVSS. The first power supply voltage ELVDD may be
applied to the source S of the driving transistor Td. The
second power supply voltage ELVSS may be applied to the
cathode of'the organic light-emitting diode OLED. Therefore,
the potential difference Vds between the drain D and the
source S of the driving transistor Td may correspond to a
voltage obtained by adding a threshold voltage of the organic
light-emitting diode OLED to the first power supply voltage
ELVDD and the second power supply voltage ELVSS.
Hence, a difference between the first power supply voltage
ELVDD and the second power supply voltage ELVSS may
determine an operation region of the driving transistor Td,
e.g., whether the driving transistor is in the saturation region
SR or the transition region TR. In one exemplary embodi-
ment, for example, the difference between the first power
supply voltage ELVDD and the second power supply voltage
ELVSS may be greater in the saturation region SR than in the
transition region TR.

[0040] The pixel PX may further include a data control
transistor T1, a capacitor C1, an initialization transistor T2, a
threshold voltage compensation transistor T3, a first emission
control transistor T4, and a second emission control transistor
T5.

[0041] The data control transistor T1 may include a source
provided with a corresponding data signal, e.g., a j* data
signal Dj, a drain connected to the second node N2, and a gate
provided with a corresponding scan signal, e.g., an i’ scan
signal Si. When the i scan signal Si has an electric potential
of a scan-on voltage, the data control transistor T1 may be
turned on to provide the j* data signal Dj to the second node
N2.

[0042] A first terminal of the capacitor C1 may be con-
nected to the first node N1 which is connected to the gate G of
the driving transistor Td, and the first power supply voltage
ELVDD may be applied to a second terminal of the capacitor
C1. Therefore, the capacitor C1 may store a voltage of the
gate G of the driving transistor Td.

[0043] A previous scan signal of the corresponding scan
signal, e.g., an (i-1)" scan signal Si- 1, may be transmitted to
agate ofthe initialization transistor T2. When the (i-1)” scan
signal Si-1 has the electric potential of the scan-on voltage,
the initialization transistor T2 may be turned on to provide an
initialization voltage VINT to the gate G of the driving tran-
sistor Td. As a result, an electric potential of the gate G of the
driving transistor Td may be initialized.

[0044] Thei” scan signal Simay betransmitted to a gate of
the threshold voltage compensation transistor T3. When the
i” scan signal Si has the electric potential of the scan-on
voltage, the threshold voltage compensation transistor T3
may be turned on. The threshold voltage compensation tran-
sistor T3 may connect the gate G and the drain D of the
driving transistor Td, thereby diode-connecting the driving
transistor Td. When the driving transistor Td is diode-con-
nected, a voltage, which dropped from a voltage of the j* data
signal Dj transmitted to the source S of the driving transistor
Td by a threshold voltage of the driving transistor Td, is
applied to the gate G of the driving transistor Td, which is
connected to the first terminal of the capacitor C1, such that
the voltage applied to the gate G of the driving transistor Td
may be maintained. In such an embodiment, where the volt-
age based on the threshold voltage of the driving transistor Td
is applied to the gate G and maintained thereafter, an electric
current flowing between the source S and the drain D of the
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driving transistor Td may not be affected by the threshold
voltage of the driving transistor Td.

[0045] A corresponding emission control signal, e.g., an i”
emission control signal Emi, may be transmitted to a gate
electrode of the first emission control transistor T4. When the
i emission control signal EMi has an electric potential of an
emission-on voltage, the first emission control transistor T4
may be turned on to provide the first power supply voltage
ELVDD to the second node N2. The i” emission control
signal EMi may be transmitted to a gate electrode of the
second emission control transistor TS. When the i” emission
control signal EMi has the electric potential of the emission-
on voltage, the second emission control transistor T5 may be
turned on to connect the third node N3 and the anode of the
organic light-emitting diode OLED. When the i” emission
control signal EMi has the electric potential of the emission-
on voltage and the first emission control transistor T4 and the
second emission control transistor TS are turned on, the driv-
ing current Id corresponding to the voltage of the j* data
signal Dj stored in the capacitor C1 is generated between the
source S and the drain D of the driving transistor Td for a
period of time during which the i scan signal Si has the
electric potential of the scan-on voltage. The driving current
1d may flow to the organic light-emitting diode OLED, and
the organic light-emitting diode OLED thereby emits light
corresponding to the driving current Id.

[0046] Referring back to FIG. 2, the organic light-emitting
display device 1 may further include a timing controller 20,
the scan driver 30, the data driver 40, an emission driver 50
and a power supply 60. The timing controller 20 may receive
image data R, G, B and generate a scan driver control signal
SCS, a data driver control signal DCS, an emission driver
control signal ECS and a power supply control signal VCS
based on the image data R, G, B.

[0047] The scan driver 30 may receive the scan driver con-
trol signal SCS and generate the zeroth through n” scan
signals S0 through Sn based on the scan driver control signal
SCS. Each of the zeroth through n™ scan signals S0 through
Sn generated by the scan driver 30 may have an electric
potential of a scan-on voltage or a scan-off voltage. The
zeroth through n” scan signals S0 through Sn may sequen-
tially have the electric potential of the scan-on voltage. A
period during which the zeroth through n scan signals S0
through Sn sequentially have the electric potential of the
scan-on voltage may be the same as a period of a frame of an
image displayed on the organic light-emitting display panel
10. In such an embodiment, each of the zeroth through n™
scan signals S0 through Sn may sequentially have the scan-on
voltage once every frame. In one exemplary embodiment, for
example, the zeroth through n™ scan signals S0 through Sn
may sequentially have the electric potential of the scan-on
voltage in the order of the zeroth scan signal S0 to the n scan
signal Sn. In an alternative exemplary embodiment, the
zeroth through n” scan signals S0 through Sn may also have
the electric potential of the scan-on voltage in the order of the
n” scan signal Sn to the zeroth scan signal S0. When the first
through n* scan signals 51 through Sn have the electric potern-
tial of the scan-on voltage, the first through m* data signals
D1 through Dm may be transmitted to the pixels PX. The scan
driver control signal SCS may include a vertical synchroni-
zation signal. The scan driver 30 may generate the zero™
through n™ scan signals SO through Sn in synchronization
with the vertical synchronization signal. In one exemplary
embodiment, for example, the vertical synchronization signal
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may indicate a starting point from which the electric potential
of the scan-on voltage may be applied sequentially to the
zeroth through n™ scan signals S0 through Sn within a frame
of an image displayed on the organic light-emitting display
panel 10.

[0048] Thedatadriver 40 may generate the first through m”
data signals D1 through Dm corresponding to the data driver
control signal DCS. The data driver control signal DCS may
include information about gray levels of an image to be dis-
played on the organic light-emitting display panel 10. There-
fore, the first through m” data signals D1 through Dm may
correspond to an image that is to be displayed on the organic
light-emitting display panel 10. In such an embodiment, the
first through m” data signals D1 through Dm may correspond
to luminances of the pixels PX.

[0049] The emission driver 50 may receive the emission
driver control signal ECS and generate first through n” emis-
sion signals EM1 through EMn in response to the emission
driver control signal ECS. Each of the first through n” emis-
sion signals EM1 through EMn may have an electric potential
of an emission-on voltage or an emission-off voltage. When
the first through n™ emission signals EM1 through EMn hav-
ing the electric potential of the emission-on voltage is trans-
mitted to organic light-emitting diodes included in the pixels
PX, the organic light-emitting diodes may emit light. After
the electric potential of the i# scan signal Si changes from the
scan-on voltage to the scan-off voltage, the electric potential
of an i” emission signal EMi may change from the emission-
off voltage to the emission-on voltage.

[0050] The power supply 60 may provide the initialization
voltage VINT, the first power supply voltage ELVDD and the
second power supply voltage ELVSS to the organic light-
emitting display panel 10 in response to the power supply
control signal VCS.

[0051] Referring back to FIG. 1, in the providing of the
voltages to the organic light-emitting display panel to operate
the driving transistor in the transition region (operation S20),
voltages provided to the organic light-emitting display panel
10 may be the first power supply voltage ELVDD and the
second power supply voltage ELVSS. The first power supply
voltage ELVDD and the second power supply voltage ELVSS
may be provided from the power supply 60. The timing con-
troller 20 may generate the power supply control signal VCS
to generate the first power supply voltage ELVDD and the
second power supply voltage ELVSS applied to the driving
transistor Td for an operation thereof in the transition region
TR. In an alternative exemplary embodiment, the first power
supply voltage ELVDD and the second power supply voltage
ELVSS may also be provided from outside the organic light-
emitting display device 1. In an exemplary embodiment, a
reduction in the luminance of the organic light-emitting diode
OLED due to the degradation of the organic light-emitting
layer included in the organic light-emitting diode OLED 1is
greater when the driving transistor Td operates in the transi-
tion region TR than when the driving transistor Td operates in
the saturation region SR. Therefore, a region in which the
organic light-emitting diode OLED having the degraded
organic light-emitting layer is located may be effectively
identified when the driving transistor Td operates in the tran-
sition region TR.

[0052] In the determining of whether the organic light-
emitting display device is defective (operation S30), whether
the organic light-emitting display device 1 is defective may be
determined based on an image displayed on the organic light-
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emitting display panel 10. The image data R, G, B input to the
timing controller 20 in the determining of whether the organic
light-emitting display device is defective (operation S30)
may correspond to an image having substantially uniform
luminance. In an exemplary embodiment, in which a defect in
the organic light-emitting display device 1 is determined
based the image data R, G, B corresponding to the image
having the uniform luminance, the luminance of a pixel PX
including an organic light-emitting diode OLED having a
degraded organic light-emitting layer may be lower than the
luminance of a pixel PX including a normal organic light-
emitting diode OLED. Therefore, a defect in the organic
light-emitting display device, e.g., a pixel PX which emits
light at a luminance level lower than the luminance of the
pixel PX including the normal organic light-emitting diode
OLED may be effectively detected. The determining of
whether the organic light-emitting display device is defective
(operation S30) is performed in a state where the first power
supply voltage ELVDD and the second power supply voltage
ELVSS are applied to the organic light-emitting display panel
10 to operate the driving transistor Td in the transition region
TR. Therefore, a pixel PX including an organic light-emitting
diode OLED having a degraded organic light-emitting layer
may be effectively and efficiently identified, and thus whether
the organic light-emitting display device 1 is defective may be
easily determined. In such an embodiment, a luminance dif-
ference between a normal pixel PX and a defective pixel PX
whose luminance is reduced by the degradation of the organic
light-emitting layer is displayed more noticeably or distinc-
tively when the driving transistor Td operates in the transition
region TR than in a normal state such that a defect in the
organic light-emitting display device 1 may be defected in an
early stage, e.g., before the degradation of the organic light-
emitting diode due to impurities or outgassing develop over
time.

[0053] The determining of whether the organic light-emit-
ting display device is defective (operation S30) will now be
described in greater detail with reference to FIG. 5. F1G. 5 1s
a flowchart illustrating the determining of whether the
organic light-emitting display device is defective (operation
S30) in an exemplary embodiment of the method of detecting
adefect in an organic light-emitting display device, according
to the invention.

[0054] Referring to FIG. 5, the determining of whether the
organic light-emitting display is defective (operation S30)
may include calculating gray deviation indices (operation
S31), calculating the number nf of pixels whose gray devia-
tion indices are greater than a threshold value (operation 32),
and determining that the organic light-emitting display device
is defective when the number nf of the pixels whose gray
deviation indices are greater than the threshold value is equal
to or greater than a reference value nR (operations S33 and
S34).

[0055] In the calculating of the gray deviation indices (op-
eration S31), a gray deviation index is a value calculated for
each of the pixels PX and is a numerical representation of
differences between the luminance of each of the pixels PX
and the luminances of surrounding pixels PX.

[0056] An exemplary embodiment of a method of calculat-
ing the gray deviation index will now be described in detail
with reference to FIG. 6. FIG. 6 is a diagram illustrating gray
values of a plurality of pixels of an exemplary embodiment of
an organic light-emitting display device according to an
embodiment of the invention.
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[0057] Referring to FIG. 6, a gray deviation index of a first
pixel PX1 may be the sum of differences between gray values
of neighboring pixels, e.g., second through fifth pixels PX2
through PX5, and a gray value of the first pixel PX1. That is,
the gray deviation index of the first pixel PX1 may be 77. The
neighboring pixels, e.g., the second through fifth pixels PX2
through PX5 may be determined as pixels separated on both
sides from the first pixel PX1 by x pixels in row and column
directions of'the pixels PX arranged substantially in a matrix
form, where x is an integer. In one exemplary embodiment for
example, x is one as shown in FIG. 6. However, the neigh-
boring pixels are not limited to those shown in FIG. 6, and the
value of x may vary according to setting. According to an
alternative exemplary embodiment, a gray deviation index of
a pixel PX may be calculated using the sum of differences
between gray values of pixels PX separated on both sides
from the pixel PX by x pixels only in the row direction and the
gray value of the pixel PX or may be calculated using only the
sum of differences between gray values of pixels PX sepa-
rated on both sides from the pixel by x pixels only in the
column direction and the gray value of the pixel PX.

[0058] Referring back to FIG. 5, in the calculating of the
number nf of the pixels whose gray deviation indices are
greater than the threshold value (operation 32), the gray
deviation index of each of the pixels PX included in the
organic light-emitting display panel 10 may be compared
with the threshold value to calculate the number nf of pixels
whose gray deviation indices are greater than the threshold
value. The threshold value may be changed or variable by an
external control. In such an embodiment, determining
whether the gray deviation index of each of the pixels PX
deviates from a normal range is performed based on the
threshold value. In one exemplary embodiment, for example,
a gray deviation index lower than the threshold value may be
determined to be normal, and a gray deviation index higher
than the threshold value may be determined to be abnormal.
InFIG. 6, adegraded region Rfhaving a lower gray level than
that of surrounding or neighboring region is identified in the
organic light-emitting display panel 10. Gray deviation indi-
ces of pixels PX included in the degraded region Rf or located
adjacent to the degraded region Rf may be higher than gray
deviation indices of pixels PX located in the other region and
may be higher than the threshold value.

[0059] In the determining that the organic light-emitting
display device is defective when the number nf of the pixels
whose gray deviation indices are greater than the threshold
value is equal to or greater than the reference value nR (opera-
tions S33 and S34), it may be determined that the size of the
degraded region Rf exceeds a size tolerance when the number
nf of the pixels whose gray deviation indices are greater than
the threshold value is equal to or greater than the reference
value nR. Accordingly, it may be determined that the organic
light-emitting display device 1 is defective.

[0060] The determining of whether the organic light-emit-
ting display device is defective (operation S30) may further
include determining that the organic light-emitting display
device is normal when the number nf of the pixels whose gray
deviation indices are greater than the threshold value is less
than the reference value R (operations S33 and S35). In the
determining that the organic light-emitting display device is
normal when the number nf of the pixels whose gray devia-
tionindices are greater than the threshold value is less than the
reference value nR (operations S33 and $35), it may be deter-
mined that the size of the degraded region Rf is within the
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tolerance size when the number of the pixels whose gray
deviation indices are greater than the threshold value is less
than the reference value nR. Accordingly, it may be deter-
mined that the organic light-emitting display device 1 is nor-
mal.

[0061] In an exemplary embodiment, calculating gray
deviation indices and determining whether the organic light-
emitting display device 1 is defective is performed based on
the calculated gray deviation indices, as described above with
reference to FIGS. 5 and 6. However, the method of deter-
mining whether the organic light-emitting display device 1 is
defective is not limited thereto. According to an alternative
exemplary embodiment, in the determining of whether the
organic light-emitting display device is defective (operation
S30), an inspector may judge the size of the degraded region
Rf and the degree of reduction in the luminance of the
degraded region Rf by inspecting an image displayed on the
organic light-emitting display panel 10 with naked eyes and
determine whether the organic light-emitting display device 1
is defective based on the size of the degraded region Rf and
the degree of reduction in the luminance of the degraded
region Rf.

[0062] Hereinafter, an alternative exemplary embodiment
of an organic light-emitting display device, according to the
invention, will be described with reference to FIGS. 7 and 8.
FIG. 7 is a block diagram showing an alternative exemplary
embodiment of an organic light-emitting display device 2
according to the invention. FIG. 8 is a graph illustrating the
relationship between a potential difference between a drain
and a source of a driving transistor and a driving current of an
alternative exemplary embodiment of an organic light-emit-
ting display device 2, according to the invention.

[0063] Referring to FIG. 7, an exemplary embodiment of
the organic light-emitting display device 2 includes an
organic light-emitting display panel 10 having a plurality of
pixels PX.

[0064] The organic light-emitting display device 2 in FIG.
7 is substantially the same as the organic light-emitting dis-
play device 1 shown in FIG. 2 except for a memory 70. The
same or like elements shown in FIG. 7 have been labeled with
the same reference characters as used above to describe the
exemplary embodiments of the organic light-emitting display
device 1 shown in FIG. 2, and any repetitive detailed descrip-
tion thereof will hereinafter be omitted.

[0065] In an exemplary embodiment, as shown in FIGS. 7
and 8, the organic light-emitting display device 2 may operate
in anormal mode M1 or a defect determination mode M2. The
normal mode M1 may be a mode in which the organic light-
emitting display device 2 displays an image. The defect deter-
mination mode M2 may be a mode in which a defect in the
organic light-emitting display device 2 due to the degradation
of an organic light-emitting layer is detected more effectively.
Referring to FIG. 8, in the normal mode M1, a driving tran-
sistor Td may operate in a saturation region SR. In the defect
determination mode M2, the driving transistor Td may oper-
ate in a transition region TR. In such an embodiment, a
difference between a first power supply voltage ELVDD and
a second power supply voltage ELVSS in the defect determi-
nation mode M2 may be less than a difference between the
first power supply voltage ELVDD and the second power
supply voltage ELVSS in the normal mode M1 such that the
driving transistor Td is operated in the saturation region SR in
the normal mode M1 and the driving transistor Td is operated
in the transition region TR in the defect determination mode
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M2. According to one exemplary embodiment, for example,
alevel of the first power supply voltage ELVDD in the defect
determination mode M2 may be equal to a level of the first
power supply voltage ELVDD in the normal mode M1, and a
level of the second power supply voltage ELVSS in the defect
determination mode M2 may be higher than a level of the
second power supply voltage ELVSS in the normal mode M1.
[0066] When the driving transistor Td operates in the tran-
sition region TR in the defect determination mode M2, a
difference between the luminance of a region having a
degraded organic light-emitting layer and the luminance of a
normal region is more noticeable. Thus, a defect in the
organic light-emitting display device 2 may be detected more
effectively.
[0067] A timing controller 20 may receive a mode control
signal MC. The timing controller 20 may control the organic
light-emitting display device 2 to operate in the normal mode
M1 or the defect determination mode M2 in response to the
mode control signal MC.
[0068] In an exemplary embodiment, as shown in FIG. 7,
the organic light-emitting display device 2 may further
include a memory 70. In such an embodiment, data of an
image displayed on the organic light-emitting display panel
10 in the defect determination mode M2 may be stored in the
memory 70. When the organic light-emitting display device 2
operates in the defect determination mode M2, the timing
controller 20 may control a scan driver 30 and a data driver 40
such that an image corresponding not to image data input
from an external source but to image data stored in the
memory 70 can be displayed on the organic light-emitting
display panel 10. In such an embodiment, where the organic
light-emitting display device 2 further includes the memory
70 which stores data of an image displayed on the organic
light-emitting display panel 10 in the defect determination
mode M2, a defect in the organic light-emitting display
device 2 may be efficiently inspected without input of image
data R, G, B from an external source. In an exemplary
embodiment, respective gray values for the pixels PX may all
be equal in the image data stored in the memory 70, such that
aregion with reduced luminance may be effectively detected.
[0069] According to exemplary embodiments of the inven-
tion set forth herein, a dark spot defect in an organic light-
emitting display device is effectively detected in an early
stage.
[0070] The invention should not be construed as being lim-
ited to the exemplary embodiments set forth herein. Rather,
these exemplary embodiments are provided so that this dis-
closure will be thorough and complete and will fully convey
the concept of the present invention to those skilled in the art.
[0071] While the invention has been particularly shown and
described with reference to exemplary embodiments thereof,
it will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit or scope of the present
invention as defined by the following claims.
What is claimed is:
1. A method of detecting a defect in an organic light-
emitting display device, the method comprising:
preparing the organic light-emitting display device com-
prising an organic light-emitting display panel which
comprises a plurality of pixels,
wherein each of the pixels comprises a driving transistor
which operates in a saturation region or a transition
region based on a potential difference between a source
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and a drain thereof and outputs a driving current, and an
organic light-emitting diode which emits light based on
the driving current;
providing a plurality of voltages to the organic light-emit-
ting display panel to operate the driving transistor in the
transition region; and
determining whether the organic light-emitting display
device is defective based on an image, which is dis-
played on the organic light-emitting display panel based
on data applied thereto.
2. The method of claim 1, wherein
a potential difference between the source and the drain
when the driving transistor operates in the transition
region is less than a potential difference between the
source and the drain when the driving transistor operates
in the saturation region.
3. The method of claim 2, wherein
the pixels are arranged substantially in a matrix form, and
the determining of whether the organic light-emitting dis-
play device is defective comprises:
calculating a gray deviation index of each of the pixels
by adding differences between a gray value of the
each of the pixels and gray values of neighboring
pixels, which are separated on both sides from the
each of the pixels by n pixels in row and column
directions;

detecting the number of pixels whose gray deviation
indices are greater than a threshold value; and

determining that the organic light-emitting display
device is defective when the number of the pixels
whose gray deviation indices are greater than the
threshold value is equal to or greater than a reference
value.

4. The method of claim 3, wherein the determining of
whether the organic light-emitting display device is defective
further comprises:

determining that the organic light-emitting display device
is normal when the number of the pixels whose gray
deviation indices are greater than the threshold value is
less than the reference value.

5. The method of claim 1, wherein the determining of
whether the organic light-emitting display device is defective
comprises determining whether the organic light-emitting
display device is defective with a naked eye.

6. The method of claim 1, wherein the voltages comprise:

a first power supply voltage; and

a second power supply voltage having an electric potential
lower than an electric potential of the first power supply
voltage,

wherein

the first power supply voltage is applied to the source of the
driving transistor, and

the second power supply voltage is applied to a cathode of
the organic light-emitting diode.

7. The method of claim 6, wherein each of the pixels further

comprises:

a first emission control transistor through which the first
power supply voltage is applied to the source of the
driving transistor; and

a second emission control transistor which is connected
between an anode of the organic light-emitting diode
and the drain of the driving transistor.
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8. The method of claim 1, wherein the organic light-emit-
ting display device further comprises a voltage generator
which generates the voltages.

9. The method of claim 1, wherein gray values correspond-
ing to the pixels in the data applied to the organic light-
emitting display panel to display the image are substantially
equal to each other.

10. An organic light-emitting display device comprising:

an organic light-emitting display panel comprising a plu-
rality of pixels,

wherein each of the pixels comprises:

a driving transistor which operates in a saturation region
or a transition region based on a potential difference
between a source and a drain thereof and outputs a
driving current; and

an organic light-emitting diode which emits light based
on the driving current,

wherein the organic light-emitting display panel operates
in a normal mode or a defect determination mode, and
wherein the driving transistor operates in the saturation

region when the organic light-emitting display panel
operates in the normal mode, and operates in the
transition region when the organic light-emitting dis-
play panel operates in the defect determination mode.

11. The display device of claim 10, wherein

the potential difference between the source and the drain of
the driving transistor is less when the driving transistor
operates in the transition region than when the driving
transistor operates in the saturation region.

12. The display device of claim 10, further comprising:

a voltage generator which provides a first power supply
voltage and a second power supply voltage lower than
the first power supply voltage to the organic light-emit-
ting display panel.

13. The display device of claim 12, wherein

the first power supply voltage is applied to the source of the
driving transistor, and
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the second power supply voltage is applied to a cathode of
the organic light-emitting diode.

14. The display device of claim 13, wherein each of the

pixels further comprises:

a first thin-film transistor through which the first power
supply voltage is applied to the source of the driving
transistor; and

a second thin-film transistor which is connected between
an anode of the organic light-emitting diode and the
drain of the driving transistor.

15. The display device of claim 13, wherein

a difference between the first power supply voltage and the
second power supply voltage is less in the defect deter-
mination mode than in the normal mode.

16. The display device of claim 15, wherein

a level of the first power supply voltage when the organic
light-emitting display panel operates in the defect deter-
mination mode is equal to a level of the first power
supply voltage when the organic light-emitting display
panel operates in the normal mode, and

a level of the second power supply voltage when the
organic light-emitting display panel operates in the
defect determination mode is higher than a level of the
second power supply voltage when the organic light-
emitting display panel operates in the normal mode.

17. The display device of claim 10, further comprising:

a memory which stores data of an image displayed on the
organic light-emitting display panel in the defect deter-
mination mode.

18. The display device of claim 15, wherein

data, in which gray values for the pixels are substantially
equal to each other, is applied to the organic light-emit-
ting display panel when the organic light-emitting dis-
play panel operates in the defect determination mode.
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