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(7) ABSTRACT

Provided is an organic light emitting display device includ-
ing: a display unit including a plurality of pixels, each pixel of
the pixels including an organic light emitting diode; and a test
circuit configured to apply a first signal and a second signal to
the display unit and to receive a third signal from the display
unit. The test circuit is configured to determine whether ornot
the display unit is in a normal state based on a voltage level of
the third signal when the first and second signals have a first
level.

9 Claims, 5 Drawing Sheets
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF TESTING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. §119 to
and the benefit of Korean Patent Application No. 10-2013-
0004528, filed on Jan. 15, 2013, in the Korean Intellectual
Property Office (KIPO), the contents of which are incorpo-
rated by reference herein in its entirety.

BACKGROUND

1. Field

The present disclosure relates to an organic light emitting
display device and a method of testing the organic light emit-
ting display device.

2. Description of the Related Art

Inrecent years, various flat panel display devices have been
developed, which have a lightweight and a slim size com-
pared to a cathode ray tube. In particular, light emitting dis-
play devices having aspects such as superior light emitting
efficiency, high brightness, wide viewing angle, fast response
speed. etc.. have been spotlighted.

As one of the light emitting display devices, an organic
light emitting display device has been spotlighted as a next
generation display device because it has properties such as
fast response speed, low driving voltage, thin thickness, wide
viewing angle, etc. Additionally, light emitting display
devices are a self-emissive display device that electrically
excites a fluorescent organic compound to emit light.

The organic light emitting display device includes a plu-
rality of pixels. Each pixel includes a line part having a gate
line, a data line, and a driving voltage line, a switching tran-
sistor coupled to the line part, an organic light emitting device
coupled to the switching transistor, and a capacitor coupled to
the switching transistor. The switching transistor is turned on
or off in accordance with a signal provided through the line
part and a current flows through the organic light emitting
device when the switching transistor is turned on. In a case
that defects exist in the switching transistor of the pixel, the
pixel may malfunction.

SUMMARY

The present disclosure provides an organic light emitting
display device capable of inspecting defects of a pixel.

The present disclosure provides a method of testing the
organic light emitting display device in order to inspect
defects of the pixel.

Embodiments of the inventive concept provide an organic
light emitting display device including a display unit includ-
ing a plurality of pixels, each pixel of the pixels including an
organic light emitting diode; and a test circuit configured to
apply a first signal and a second signal to the display unit and
to receive a third signal from the display unit, wherein the test
circuit is configured to determine whether or not the display
unit is in a normal state based on a voltage level of the third
signal when the first and second signals have a first level.

Each of the pixels may further include a first transistor
including a gate electrode coupled to a first node, the first
transistor being coupled between a second node and a third
node; a second transistor including a gate electrode config-
ured to receive the first signal, the second transistor being
coupled between a data line and the second node; a third
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transistor including a gate electrode configured to receive the
first signal, the third transistor being coupled between the first
node and the third node; a fourth transistor including a gate
electrode configured to receive the first signal applied to a
previous pixel of the pixels, the fourth transistor being
coupled between the first node and an initialization voltage; a
fifth transistor including a gate electrode configured to
receive the second signal, the fifth transistor being coupled
between a source voltage and the second node; and a sixth
transistor including a gate electrode configured to receive the
second signal, sixth transistor being coupled between the
third node and a fourth node, wherein the organic light emit-
ting diode is coupled between the fourth node and a ground
voltage source.

The test circuit may be configured to determine whether or
not the fifth transistor is in a normal state based on the voltage
level of the third signal through the data line when the first and
second signals have the first level.

The test circuit is configured to determine whether or not
the fifth transistor is in the normal state based on the third
signal being in the low level while the first and second signals
are applied and the second and fifth transistors are turned on.

Each of the pixels may further include a first capacitor
coupled between the source voltage and the first node and a
capacitor coupled between the gate electrode of the second
transistor and the first node.

The first signal may be supplied through a gate line and the
second signal may be supplied through a light emitting con-
trol line.

Embodiments of the inventive concept provide a method of
testing an organic light emitting display device, the method
including: applying a first signal and a second signal to a
display unit, wherein the display unit includes a plurality of
pixels each having an organic light emitting diode; receiving
a third signal from the display unit; and determining whether
or not the display unit is in a normal state based on a voltage
level of the third signal when the first and second signals have
a first level.

Each of the pixels may further include: a first transistor
including a gate electrode coupled to a first node, the first
transistor being coupled between a second node and a third
node; a second transistor including a gate electrode coupled to
the first signal, the second transistor being coupled between a
data line and the second node; a third transistor including a
gate electrode coupled to the first signal, the third transistor
being coupled between the first node and the third node; a
fourth transistor including a gate electrode coupled to the first
signal applied to a previous pixel of the pixels, the fourth
transistor being coupled between the first node and an initial-
ization voltage; a fifth transistor including a gate electrode
coupled to the second signal, the fifth transistor being coupled
between a source voltage and the second node; and a sixth
transistor including a gate electrode coupled to the second
signal, the sixth transistor being coupled between the third
node and a fourth node, and the organic light emitting diode
being coupled between the fourth node and a ground voltage
source.

Determining whether or not the display unit is in the nor-
mal state may include determining whether or not the fifth
transistor is in a normal state based on the voltage level of the
third signal provided through the data line when the first and
second signals have the first level.

Determining whether or not the display unit is in the nor-
mal state may include determining whether or not the fifth
transistor is in the normal state based on the third signal being
in the low level while the first and second signals are applied
and the second and fifth transistors are turned on.
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The first signal may be supplied through a gate line and the
second signal may be supplied through a light emitting con-
trol line.

According to the above, the defects in the transistors of the
pixels may be determined while the organic light emitting
display device is being manufactured.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects of the present disclosure will
become readily apparent by reference to the following
detailed description when considered in conjunction with the
accompanying drawings wherein:

FIG. 1 is a schematic view showing an organic light emit-
ting display device according to an exemplary embodiment of
the present disclosure;

FIG. 2 is a schematic view showing a test circuit coupled to
the display unit shown in F1G. 1 to test the display unit;

FIG. 3 is a schematic circuit diagram showing one of the
pixels shown in FIG. 2;

FIG. 4 is a timing diagram showing signals used to test the
pixel shown in FIG. 3; and

FIG. 5 is a view showing a test result obtained by deter-
mining whether or not the pixel shown in FIG. 3 is operated
normally.

DETAILED DESCRIPTION

Embodiments will be described in detail with reference to
the accompanying drawings. The inventive concept, however,
may be embodied in various different forms, and should not
be construed as being limited only to the illustrated embodi-
ments. Rather, these embodiments are provided as examples
so that this disclosure will be thorough and complete, and will
fully convey the concept of the inventive concept to those
skilled in the art. Accordingly, known processes, elements,
and techniques are not described with respect to some of the
embodiments of the inventive concept. Unless otherwise
noted, like reference numerals denote like elements through-
out the attached drawings and written description, and thus
descriptions will not be repeated. In the drawings, the sizes
and relative sizes of layers and regions may be exaggerated
for clarity.

FIG. 1 is a schematic view showing an organic light emit-
ting display device according to an exemplary embodiment of
the present disclosure.

Referring to FIG. 1, the organic light emitting display
device 100 includes a display unit 110, a timing controller
120, a scan driver 130, and a data driver 140. The display unit
110includes a plurality of pixels PX arranged in areas defined
by a plurality of scan lines S1 to Sn, a plurality of light
emitting control lines E1 to En, and a plurality of datalines D1
to Dm.

The timing controller 120 applies a scan driving control
signal SCS to the scan driver 130 and applies a data driving
control signal DCS and image data DATA to the data driver
140 in response to synchronization signals and an image
signal, which are provided from an external source (not
shown).

The scan driver 130 applies scan signals to the scan lines S1
to Sn in response to the scan driving control signal SCS from
the timing controller 120 and applies light emitting control
signals to the light emitting control lines E1 to En.

In the present exemplary embodiment, the scan driver 130
sequentially applies the scan signals to the scan lines S1 to Sn
such that the pixels PX coupled to the scan lines S1 to Sn are
sequentially driven. In addition, the scan driver 130 applies
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the light emitting control line Ej substantially in parallel to a
present scan line Sj while the scan signal is applied to a
previous scan line Sj-1, and thus transistors in the pixels PX
are turned on. In this case, j is a natural number.

Then, the scan driver 130 applies the light emitting control
signal to the light emitting control line Ej to allow the tran-
sistors in the pixel PX to be turned off from a second period
following a first period in a time period, in which a previous
scan signal is applied to the previous scan line, to a third
period in which a present scan signal is applied to the present
san line.

Meanwhile, for the convenience of explanation, one scan
driver 130 generates and outputs the scan signals and the light
emitting control signals in FIG. 1, but it should not be limited
thereto or thereby.

That is, the scan driver 130 may be provided in a plural
number. In such a case, the plurality of scan drivers may be
disposed at opposing sides of the display unit 110 to apply the
scan signals and the light emitting control signals. Alterna-
tively, a driving circuit that generates and outputs the scan
signals and a driving circuit that generates and outputs the
light emitting control signals may be distinct from each other
and referred to as the scan driver and the light emitting control
driver, respectively. The scan driver and the light emitting
control driver may be disposed at the same side or different
(e.g., opposite) sides of the display unit 110.

The data driver 140 receives the data driving control signal
DCS and the image data DATA from the timing controller 120
and drives the data lines D1 to Dm.

The display unit 110 receives a first source voltage ELVDD
and a second source voltage ELVSS from an external source
(not shown) and generates light corresponding to the data
signals provided through the data lines D1 to Dm. In addition,
the display unit 110 may further receive an initialization
voltage VINT in accordance with the structure of the pixels
PX.

Each pixel PX of the display unit 110 includes an organic
light emitting diode. Each pixel PX includes one or more
transistors to selectively provide a current to the organic light
emitting diode. According to the present exemplary embodi-
ment, the transistors in the pixels PX may be tested to deter-
mine whether or not the transistors are operating normally
(e.g., functioning properly) when the organic light emitting
display device 100 is manufactured after the transistors are
formed and coupled to the scan lines S1 to Sn and the light
emitting control lines E1 to En.

FIG. 2 is a schematic view of a test circuit coupled to the
display unit shown in FIG. 1 to test the display unit.

Referring to FIG. 2, a test circuit 200 is coupled to the
display unit 110 through a switching part 210. The switching
part 210 includes a plurality of switches to couple the test
circuit 200 to the scan lines S1 to Sn and the light emitting
control lines E1 to En. The switching part 210 sequentially
couples the scan lines S1 to Sn and the light emitting control
lines F1 to En to the test circuit 200 during a test mode.

The test circuit 200 applies the scan signals SS and the light
emitting control signals ES to the scan lines S1 to Sn and the
light emitting control lines E1 to En through the switching
part 210, respectively, and determines whether or not the
pixels PX of the display unit 110 are operating normally (e.g,,
functioning properly) on the basis of signals provided
through the data lines D1 to Dm.

FIG. 3 is a schematic circuit diagram of one of the pixels
PX shown in FIG. 2. In detail, FIG. 3 shows the pixel PXijj
coupled to ani-th data line Di (i is a positive integer) and a j-th
horizontal line (j is a positive integer) as a representative
example.
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Referring to FIG. 3, the pixel PXij includes first, second,
third, fourth, fifth, and sixth transistors T1, T2, T3, T4, T5,
and T6, respectively, a first capacitor C1, a second capacitor
C2, and an organic light emitting diode OLED.

The first transistor T1 is coupled between a second node N2
and a third node N3 and includes a control (or gate) electrode
coupled to a first node. The second transistor T2 is coupled
between the data line Di and the second node N2 and includes
a gate electrode coupled to the scan line Sj, with the gate
electrode of the second transistor T2 being configured to
receive the scan signal supplied by the scan line Sj.

The third transistor T3 is coupled between the first node N1
and the third node N3 and includes a gate electrode coupled to
the scan line Sj, with the gate electrode of the third transistor
T3 being configured to receive the scan signal supplied by the
scan line S;j.

The fourth transistor T4 is coupled between the first node
and the voltage source supplying the initialization voltage
VINT and includes a gate electrode coupled to a scan line
Sj-1, with the gate electrode of the fourth transistor T4 being
configured to receive the scan signal supplied by the scan line
Sj-1 corresponding to a previous pixel.

The fifth transistor T5 is coupled between the first source
voltage ELVDD and the second node N2 and includes a gate
electrode coupled to the light emitting control line Ej, with the
gate electrode of the fifth transistor T5 being configured to
receive the emission control signal supplied by the light emit-
ting control line Ej.

The sixth transistor T6 is coupled between the third node
N3 and a fourth node N4 and includes a gate electrode
coupled to the light emitting control line Ej, with the gate
electrode of the sixth transistor T6 being configured to receive
the emission control signal supplied by the light emitting
control line Ej.

The organic light emitting diode OLED is coupled between
the fourth node N4 and the second source voltage ELVSS (or
a ground voltage source).

The first capacitor C1 is coupled between the first source
voltage ELVDD and the first node N1. The second capacitor
C2 is coupled between the scan line Sj and the first node N1.

When the scan signal in a low level is applied to the scan
line Sj of the pixel Pxij, the second transistor T2 is turned on.
The data signal provided through the data line Di is applied to
the organic light emitting diode OLED through the first and
sixth transistors T1 and T6 while the second transistor T2 is
turned on. In addition, when the scan signal in the low level is
applied to the scan line Sj, the third transistor T3 is turned on
to allow the first transistor T1 to perform a diode-connected
operation.

The sixth transistor T6 is turned on or off in accordance
with the level of the light emitting control signal ES provided
through the light emitting control line Fj to form a current
path through the organic light emitting diode OLED in the
pixel PXij or to prevent the current path from being formed.

The fourth transistor T4 is turned on when the previous
scan signal is provided through the previous scan line Sj-1,
and thus the first node N1 is initialized to the initialization
voltage VINT.

The fifth transistor T5 is turned on or off in accordance with
the level of the light emitting control signal provided through
the light emitting control line Ej to form a current path
through the organic light emitting diode OLED in the pixel
PXij or to prevent the current path from being formed.

FIG. 4 is a timing diagram showing signals used to test the
pixel shown in FIG. 3. FIG. 4 shows the scan signal SS
applied to the previous scan line Sj-1 and the j-th scan line Sj
and the light emitting control signal ES.
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Referring to FIGS. 2, 3, and 4, the test circuit 200 applies
the scan signal SS and the light emitting control signal ES to
the scan line 5j and the light emitting control line Ej, respec-
tively, to test the display unit 110.

The light emitting control signal ES transitions from a low
level to a high level at a first time point t1. When the light
emitting control signal ES provided through the light emitting
control line Fj transitions to the high level, the fifth transistor
T5 and the sixth transistor T6 are turned off.

The previous scan signal SS applied to the previous scan
line Sj-1 transitions from a high level to a low level at a
second time point t2. When the previous scan signal SS
applied to the previous scan line Sj-1 transitions to the low
level, the fourth transistor T4 is turned on and the voltage of
the first node N1 is set to the initialization voltage VINT.

The previous scan signal SS applied to the previous scan
line Sj-1 transitions from the low level to the high level at a
third time point t3 and the light emitting control signal ES
applied to the light emitting control line Fj transitions from
the high level to the low level at a fourth time point 4.
Therefore, the fourth transistor T4 is turned off and the fifth
and sixth transistors T5 and T6 are turned on.

The scan signal SS applied to the scan line Sj transitions to
the low level at a fifth time point t5. When the scan signal SS
applied to the scan line Sj transitions to the low level, the
second transistor T2 and the third transistor T3 are turned on.

In the case that the initialization voltage VINT is set to the
voltage level, at which the first transistor T1 is turned off, in
the test mode, the current path is formed between the first
source voltage ELVDD and the data line Di through the fifth
transistor T5 and the second transistor T2 when the fifth
transistor T5 is operated normally. Therefore, the test circuit
200 shown in FIG. 2 determines that the fifth transistor T5 is
operating normally (or functioning properly) when the signal
in the high level is applied to the data line Di between the fifth
time point t5 and the sixth time point t6 in which the scan
signal SS and the light emitting control signal ES are main-
tained in the low level.

In the case that the fifth transistor T5 is operating abnor-
mally (e.g., not functioning properly) due to the defects on the
fifth transistor T5, the signal in the high level is not applied to
the data line Di between the fifth time point t5 and the sixth
time point t6 in which the scan signal SS and the light emitting
control signal ES are maintained in the low level. In this case,
the test circuit 200 determines that the fifth transistor T5 is
operating abnormally (e.g., not functioning properly).

FIG. 5 is a view showing a test result obtained by deter-
mining whether or not the pixel shown in FIG. 3 is operated
normally.

Referring to FIG. 5, when the previous scan signal SS
applied to the previous scan line Sj-1 has the high level and
the scan signal SS applied to the scan line Sj has the low level
during the test mode, the signal in the high level may be
detected from the data line Di. However, when the defects
exist on the fifth transistor T5, the signal applied to the data
line Di has the low level during a period A in which the scan
signal SS applied to the scan line Sj has the low level. Accord-
ingly, the test circuit 200 shown in FIG. 2 determines that the
fifth transistor T5 is in the abnormal state based on the signal
applied to the data line Di having the low level.

As described above, the defects of the display unit 110 may
be relatively easily detected by performing the test process on
amother substrate on which the display unit 110 is formed. In
addition, because the defects of the display unit 110 are
determined before the display unit 110 is coupled to the scan
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driver 130 and the data driver 140 shown in FIG. 1, a manu-
facturing cost of the organic light emitting display device 100
may be reduced.

Although the exemplary embodiments of the present
invention have been described, it is understood that the
present invention should not be limited to these exemplary
embodiments but various changes and modifications can be
made by those having ordinary skill in the art within the spirit
and scope of the appended claims, and their equivalents.

What is claimed is:

1. An organic light emitting display device comprising:

a display unit comprising a plurality of pixels, each of the
pixels comprising an organic light emitting diode and a
pixel circuit corresponding to the organic light emitting
diode; and

a test circuit configured to apply a first signal and a second
signal to a same pixel circuit of the pixel circuits of the
display unit and to receive a third signal from the same
pixel circuit of the pixel circuits of the display unit,
wherein the test circuit is configured to determine
whether or not the display unit is in a normal state based
on a voltage level of the third signal when the first and
second signals have a first level,

wherein each of the pixels further comprises:

a first transistor comprising a gate electrode coupled to a
first node, the first transistor being coupled between a
second node and a third node;

a second transistor comprising a gate electrode config-
ured to receive the first signal, the second transistor
being coupled between a data line and the second
node;

a third transistor comprising a gate electrode configured
to receive the first signal, the third transistor being
coupled between the first node and the third node;

a fourth transistor comprising a gate electrode config-
ured to receive the first signal applied to a previous
pixel of the pixels, the fourth transistor being coupled
between the first node and an initialization voltage;

a fifth transistor including a gate electrode configured to
receive the second signal, the fifth transistor being
coupled between a source voltage and the second
node; and

asixth transistor including a gate electrode configured to
receive the second signal, sixth transistor being
coupled between the third node and a fourth node;

wherein the organic light emitting diode is coupled
between the fourth node and a ground voltage source.

2. The organic light emitting display device of claim 1,
wherein the test circuit is configured to determine whether or
not the fifth transistor is in a normal state based on the voltage
level of the third signal through the data line when the first and
second signals have the first level.

3. The organic light emitting display device of claim 2,
wherein the test circuit is configured to determine whether or
not the fifth transistor is in the normal state based on the third
signal being in a low level while the first and second signals
are applied and the second and fifth transistors are turned on.

4. The organic light emitting display device of claim 1,
wherein each of the pixels further comprises:
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a first capacitor coupled between the source voltage and the

first node; and

a capacitor coupled between the gate electrode of the sec-

ond transistor and the first node.

5. The organic light emitting display device of claim 1,
wherein the first signal is supplied through a gate line and the
second signal is supplied through a light emitting control line.

6. A method of testing an organic light emitting display
device, the organic light emitting display device comprising:

a display unit comprising a plurality of pixels each having

an orgaric light emitting diode and a pixel circuit corre-

sponding to the organic light emitting diode,

the method comprising:

applying a first signal and a second signal to a same pixel

circuit of the pixel circuits of the display unit;

receiving a third signal from the same pixel circuit of the
pixel circuits of the display unit; and

determining whether or not the display unit is in a normal

state based on a voltage level of the third signal when the

first and second signals have a first level,

wherein each of the pixels further comprises:

a first transistor comprising a gate electrode coupled to a
first node, the first transistor being coupled between a
second node and a third node;

a second transistor comprising a gate electrode coupled
to the first signal, the second transistor being coupled
between a data line and the second node;

a third transistor comprising a gate electrode coupled to
the first signal, the third transistor being coupled
between the first node and the third node;

a fourth transistor comprising a gate electrode coupled
to the first signal applied to a previous pixel of the
pixels, the fourth transistor being coupled between the
first node and an initialization voltage;

a fifth transistor comprising a gate electrode coupled to
the second signal, the fifth transistor being coupled
between a source voltage and the second node; and

a sixth transistor comprising a gate electrode coupled to
the second signal, the sixth transistor being coupled
between the third node and a fourth node, and the
organic light emitting diode being coupled between
the fourth node and a ground voltage source.

7. The method of claim 6, wherein determining whether or
not the display unit is in the normal state further comprises
determining whether or not the fifth transistor is in a normal
state based on the voltage level of the third signal provided
through the data line when the first and second signals have
the first level.

8. The method of claim 6, wherein determining whether or
not the display unit is in the normal state further comprises
determining whether or not the fifth transistor is in the normal
state based on the third signal being in a low level while the
first and second signals are applied and the second and fifth
transistors being turned on.

9. The method of claim 8, wherein the first signal is sup-
plied through a gate line and the second signal is supplied
through a light emitting control line.

* #* * #* #®
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