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(54) ORGANIC LIGHT-EMITTING DISPLAY DEVICE

(57)  An organic light-emitting display device (100,
200, 300) includes: a substrate (110) comprising an ac-

tive area (AA) in which a plurality of pixels (PX) is defined,

and a non-active area (NA) surrounding the active area
(AA) and having a pad area (PA) in which a plurality of
pads is disposed on one side of the active area (AA); a
plurality of power supply lines (VDDL) disposed in the
active area (AA); a plurality of test transistors disposed

in the non-active area (NA) on another side of the active
area (AA); and a plurality of power supply transistors (VD-
DTR) connected to the plurality of power supply lines
(VDDL) . Each of the power supply transistors (VDDTR)
is disposed next to the respective test transistors. A uni-
form supply voltage can thus be applied across a plurality
of pixels (PX) without any additional process such that
uniformity of luminance can be improved.
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Description
BACKGROUND
Technical Field

[0001] The present disclosure relates to an organic
light-emitting display device and more particularly, to an
organic light-emitting display device with uniform lumi-
nance by achieving a uniform high-level voltage.

Description of the Related Art

[0002] Flat paneldisplay devices such as liquid-crystal
display devices, organic light-emitting display devices,
emissive displays, etc. have a thin thickness and low
power consumption, and thus are attracting attention.
[0003] Among a variety of display devices, organic
light-emitting display devices have advantages in that
they emit light on their own, have a wide viewing angle,
good contrast ratio and fast response speed.

[0004] If a defect occurs during the process of manu-
facturing organic light-emitting display devices, some
pixels may not be normally turned on or operate abnor-
mally. In order to detect a lighting failure caused by the
process of manufacturing the organic light-emitting dis-
play device, a separate lighting test, such as a so-called
AP test, is carried out. Such a lighting test is carried out
by using a lighting test pad or a lighting test transistor
formed on the substrate of the organic light-emitting dis-
play device.

SUMMARY

[0005] Typically,inanorganiclight-emitting display de-
vice, a high-level voltage is applied to a plurality of pixels
via power supply lines extended from a supply voltage
line disposed in the non-active area to the active area.
As the resolution of organic light-emitting display devices
becomes higher and higher due to increased consumer
demand for high resolution contents, the space allocated
to the power supply lines needs to decrease to accom-
modate a greater number of pixels, and thus the de-
creased width of the power supply lines cause problems.
In addition, as the screen size of organic light-emitting
display devices is increased due to consumer demand
for larger screens, the length of the power supply lines
is increased. As a result, the resistance on the power
supply lines increase and a voltage drop occurs in the
high-level voltage supplied to the pixels . In view of the
above, the present inventors have recognized that a volt-
age drop in a high-level voltage applied through the pow-
ersupply lines causes the luminance of the display device
may become different from location to location, resulting
in a non-uniform brightness across the display screen.

[0006] Based upon such specified problem recogni-
tion, the present inventors conducted a lighting test on a
display substrate having a plurality of lighting test tran-
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sistors placed in an area opposite to the area where the
pads are disposed. If the lighting test shows that an or-
ganic light-emitting display device is not defective, the
area where the lighting test transistors are disposed and
the area where the various lines connecting the pads to
the lighting test transistors are no longer necessary.
Therefore, the presentinventors have conducted studies
to utilize the substrate areas used for the lighting test for
other purposes.

[0007] In view of the above, an aspect of the present
disclosure is to provide an organic light-emitting display
device having a novel structure that can mitigate a volt-
age drop in a high-level voltage and utilize the substrate
space more efficiently for the areas where the lines and
transistors used for the lighting test.

[0008] Another aspect of the present disclosure is to
provide an organic light-emitting display device that can
mitigate a voltage drop in a high-level voltage by applying
the high-level voltage to power supply lines from two
sides of the active area and can suppress non-uniform
luminance across the pixels.

[0009] Yet another aspect of the present disclosure is
to provide an organic light-emitting display device that
can utilize the substrate space more efficiently by adding
so-called power supply transistors, which are used for
applying a high-level voltage, into the area where a plu-
rality of test transistors used for the lighting test is dis-
posed.

[0010] It should be noted that aspects of the present
disclosure are not limited to those described above, and
other aspects ofthe presentdisclosure will be understood
to those skilled in the art from the following description.
[0011] Various embodiments of the presentdisclosure
provide an organic light-emitting display device accord-
ing to claim 1. Further embodiments are described in the
dependent claims. According to an aspect of the present
disclosure, there is provided an organic light-emitting dis-
play device including: a substrate comprising an active
area in which a plurality of pixels is defined, and a non-
active area surrounding the active area and having a pad
area in which a plurality of pads is disposed on one side
of the active area; a plurality of power supply lines dis-
posed in the active area; a plurality of test transistors
disposed in the non-active area on another side of the
active area; and a plurality of power supply transistors
connected to the plurality of power supply lines and dis-
posed next to the respective test transistors. Thus, a volt-
age drop in a high-level voltage can be suppressed while
improving substrate space utilization when compared to
the conventional art.

[0012] According to another aspect of the present dis-
closure, there is provided an organic light-emitting dis-
play device including: a substrate comprising an active
area in which a plurality of pixels is defined, and a non-
active area surrounding the active area and having a pad
areais disposed on one side of the active area; a plurality
of power supply lines disposed in the active area; a plu-
rality of test transistors disposed in the non-active area
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on two sides of the active area; and a plurality of power
supply transistors each disposed between two of the test
transistors. The power supply transistors apply a high-
level voltage to the power supply lines to reduce a voltage
drop in the power supply lines. Thus, the uniformity of
luminance across pixels can be improved without in-
creasing a size of the non-active area when compared
to the conventional art.

[0013] The details of one or more embodiments of the
subject matter described in this specification are set forth
in the accompanying drawings and the description below.
[0014] According to an exemplary embodiment of the
present disclosure, by adding power supply transistors
to the area where test transistors for the lighting test are
disposed, itis possible to utilize the substrate space more
efficiently and to suppress a voltage drop in a high-level
voltage.

[0015] Further, according to an exemplary embodi-
ment of the present disclosure, by using the lines used
for the lighting test for applying a high-level voltage, it is
possible to improve uniformity in luminance across the
pixels without increasing the substrate area of the non-
active area.

[0016] Further, according to an exemplary embodi-
ment of the present disclosure, the power supply tran-
sistors can be formed together with the transistors for the
lighting test without any additional mask process during
manufacturing.

[0017] It should be noted that effects of the present
disclosure are not limited to those described above and
other effects of the present disclosure will be understood
by those skilled in the art from the following descriptions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Theabove and other aspects, features and oth-
er characteristics of the present disclosure will be more
clearly understood from the following detailed description
taken in conjunction with the accompanying drawings, in
which:

FIG. 1is a plan view of an organic light-emitting dis-
play device according to an exemplary embodiment
of the present disclosure;

FIG. 2 is an enlarged view of area X of FIG. 1;

FIG. 3isan enlarged view of an organic light-emitting
display device according to another exemplary em-
bodiment of the present disclosure;

FIG. 4 is a plan view of an organic light-emitting dis-
play device according to yet another exemplary em-
bodiment of the present disclosure; and

FIG. 5 is an enlarged view of area Y of FIG. 4.

DETAILED DESCRIPTIONSOME EMBODIMENT(S)
[0019] The characteristics and features of the present

disclosure and methods to achieve them will become ap-
parent from the descriptions of exemplary embodiments
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hereinbelow with reference to the accompanying draw-
ings. However, the present disclosure is not limited to
exemplary embodiments disclosed herein but may be
implemented in various different ways. The exemplary
embodiments are provided for making the disclosure of
the present disclosure thorough and for fully conveying
the scope of the inventive features to those skilled in the
art. It is to be noted that the scope of the present disclo-
sure can be defined by the claims.

[0020] The figures, dimensions, ratios, angles, the
numbers of elements given in the drawings are merely
illustrative and are not limiting. Further, in describing the
present disclosure, descriptions on well-known technol-
ogies may have been omitted in order not to unneces-
sarily obscure the gist of the inventive features . It is to
be noticed that the terms "comprising, " "having, " "in-
cluding" and so on, used in the description and claims,
should notbe interpreted as being restricted to the means
listed thereafter unless specifically stated otherwise.
Where an indefinite or definite article is used when refer-
ring to a singular noun, e.g. "a," "an," and "the," this in-
cludes a plural of that noun unless specifically stated oth-
erwise.

[0021] For elements having specific values, they
should be interpreted as including error margins even
without explicit statements.

[0022] In describing positional relationships, such as
"an element A on an element B," "an element A above
an element B," "an element A below an element B," and
"an element A next to an element B," another element C
may be disposed between the elements A and B unless
the term "directly" or "immediately" is explicitly used.
[0023] As used herein, the phrase "an element A on
an element B" means that the element A may be disposed
directly on the element B and/or the element A may be
disposed indirectly on the element B via another element
C.

[0024] The terms first, second and the like in the de-
scription and in the claims are used for distinguishing
between similar elements and not necessarily for de-
scribing a sequential or chronological order. Theses
terms are used to merely distinguish one element from
another. Accordingly, as used herein, a first element may
be a second element within the technical idea of the
present disclosure.

[0025] Like reference numerals may denote like ele-
ments throughout the descriptions.

[0026] The drawings are not to scale and the relative
dimensions of various elements in the drawings are de-
picted schematically and not necessarily to scale.
[0027] Features of various exemplary embodiments of
the present disclosure may be combined partially or to-
tally. As will be clearly appreciated by those skilled in the
art, various technical interactions and operations are pos-
sible. Various exemplary embodiments can be practiced
individually or in combination.

[0028] Hereinafter, exemplary embodiments of the
present disclosure will be described in detail with refer-
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ence to the accompanying drawings.

[0029] FIG. 1isa plan view of an organic light-emitting
display device according to an exemplary embodiment
of the present disclosure. For convenience of illustration,
FIG. 1 shows only some of a variety of elements of an
organic light-emitting diode (OLED) display device 100,
i.e., a substrate 110, a plurality of pixels PX, a plurality
of pads, supply voltage lines VDDLL1 and VDDLL2, pow-
er supply lines VDDL, a plurality of test data link lines
APDL, a test enable signal line APEL, and a supply volt-
age enable signal line VDDEL. Those skilled in the art
can understand that other components may be needed
for a fully operational OLED display.

[0030] The substrate 110 is for supporting and protect-
ing various elements of the display device. The substrate
110 may be made of glass or a plastic material having
flexibility. When the substrate 110 is made of a plastic
material, it may be made of, for example, polyimide (PI) .
It is, however, to be understood that the present disclo-
sure is not limited thereto, as metal foil or other materials
can also be used for the substrate as desired.

[0031] On the substrate 110, an active area AA and a
non-active area NA surrounding or at least having some
portion adjacent to the active area AA may be defined.
[0032] The active area AA is an area of the organic
light-emitting display device 100 where an image is dis-
played. In the active area AA, display elements and var-
ious driving elements for driving the display elements
may be disposed. For example, the display elements may
be organic light-emitting elements each including an an-
ode, an organic emissive layer, and a cathode. Itis, how-
ever, to be understood that the present disclosure is not
limited thereto. The display elements may be liquid-crys-
tal display elements, inorganic light-emitting elements,
micro-LEDs, etc. In addition, various driving elements
such as thin-film transistors, capacitors, lines, etc. for
driving the display elements may be disposed in the ac-
tive area AA. In the following description, organic light-
emitting elements will be described as an example of the
display elements.

[0033] The pixels PX are defined in the active area AA.
Each of the pixels PX is a minimum unit for displaying an
image and may be operated based on one or more op-
eration signals, such as a data signal and a gate signal
respectively provided through a data line DL and a gate
line GL. The pixels PXmay include some sub-pixels, such
as a red sub-pixel, a green sub-pixel and a blue sub-
pixel. In addition, the pixels PX may further include a
white sub-pixel. Sometimes, the concept of pixels and
sub-pixels may be interchangeably used or described
hereafter. The particular number and arrangement of
sub-pixels and/or pixels can be defined in numerous
ways.

[0034] The non-active area NA is an area where no
image is displayed, and a variety of lines, circuits and the
like for driving the display elements in the active area AA
are disposed therein. In addition, in the non-active area
NA, lines (wires) and circuits for providing signals for driv-
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ing the display elements may be disposed. The non-ac-
tive area NA may surround the active area AA, as shown
inFIG. 1. Itis, however, to be understood that the present
disclosure is not limited thereto. The non-active area NA
may be defined as an area extended from or adjacent to
the active area AA.

[0035] The non-active area NAmay include a pad area
PA in which a plurality of pads (or connection terminals)
is formed. The pad area PA where a plurality of pads is
disposed can be located on one side of the active area
AA. Inthe pad area PA, a plurality of pads and an external
module, e.g., a chip-on-film (COF), are bonded.

[0036] A driver (or other type of circuit) may be bonded
to the plurality of pads in the pad area PA of the organic
light-emitting display device 100. The driver may include
a base film made of an insulating material, a conductive
layer, and a driving IC (integrated circuit) disposed on
the base film. The driver may supply (or transfer) the
supply voltage, the data voltage, etc. to the plurality of
pixels PX in the active area AA via the pads.

[0037] Referring to FIG. 1, the plurality of pads may
include a plurality of data pads DP, a first supply voltage
pad VDDP1, a second supply voltage pad VDDP2, a plu-
rality of test data pads APDP, a test enable pad APEP,
and a supply voltage enable pad VDDEP.

[0038] The datapadsDP areforapplying datavoltages
to the pixels PX arranged in the active area AA. The data
pads DP may receive data voltages from the driver bond-
ed to the data pads DP and may transfer such voltages
to the data lines DL arranged in the active area AA via
data link lines DLL disposed between the active area AA
and the pad area PA.

[0039] The second supply voltage pad VDDP2 is for
applying a high-level voltage to the second supply volt-
age line VDDLL2 disposed in the non-active area NA.
The second supply voltage pad VDDP2 transfers the
high-level voltage from the driver bonded to the second
supply voltage pad VDDPZ2 to the second supply voltage
line VDDLL2. Although only one second supply voltage
pad VDDP2 is shown in FIG. 1, more than one second
supply voltage pad VDDP2 may be employed.

[0040] The second supply voltage line VDDLL2 is for
applying a high-level voltage to the pixels PX arranged
in the active area AA. The second supply voltage line
VDDLL2 is disposed between the active area AA and the
pad area PA and is connected to the power supply lines
VDDL arranged in the active area AA. Accordingly, the
second supply voltage line VDDLL2 may transfer the
high-level voltage applied from the second supply voltage
pad VDDP2 to the pixels PX via the power supply lines
VDDL.

[0041] The test data pads APDP and the test enable
pad APEP are used for a lighting test. Specifically, the
test enable pad APEP is for transferring a test enable
signal to turn on/off the test transistors APTR disposed
in a lighting test array APA when a lighting test is carried
out. The test data pads APDP are for transferring the test
data voltage to the lighting test array APA during the light-
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ing test. Although only one test enable pad APEP is de-
picted in FIG. 1, more than one test enable pad APEP
may be employed.

[0042] The test data link lines APDL transfer test data
voltages from the test data pads APDP to the lighting test
array APA. In addition, the test enable signal line APEL
transfers the test enable signal from the test enable pad
APEP to the lighting test array APA. Accordingly, the test
data link lines APDL and the test enable signal may sur-
round the active area AA. Although only one test enable
signal line APEL is depicted in FIG. 1, more than one test
enable signal line APEL may be employed.

[0043] The test data pads APDP, the test enable pad
APEP, the test data link lines APDL and the test enable
signal line APEL will be described in more detail later
with reference to FIG. 2.

[0044] The first supply voltage pad VDDP1 and the
supply voltage enable pad VDDEP are for applying a
high-level voltage to the pixels PX arranged in the pixel
area. Specifically, the supply voltage enable pad VDDEP
is for transferring a signal to turn on/off the power supply
transistors VDDTR disposed in the lighting test array APA
when the organic light-emitting display device 100 is driv-
en. Thefirst supply voltage pad VDDP1 is for transferring
a high-level voltage to the power supply transistors VD-
DTR when the organic light-emitting display device 100
is driven. A high-level voltage may be applied to the first
supply voltage pad VDDP1 like the second supply volt-
age pad VDDP2. Specifically, the high-level voltage hav-
ing the same level may be applied. Although only one
first supply voltage pad VDDP1 and one supply voltage
enable pad VDDEP are depicted in FIG. 1, more than
one first supply voltage pad VDDP1 and more than one
supply voltage enable pad VDDEP may be employed.
[0045] The first supply voltage line VDDLL1 transfers
the high-level voltage from the first supply voltage pad
VDDP1 to the lighting test array APA when the organic
light-emitting display device 100 is driven. In addition,
the supply voltage enable signal line VDDEL transfers a
supply voltage enable signal to the lighting testarray APA
when the organic light-emitting display device 100 is driv-
en. Thus, the first supply voltage line VDDLL1 and the
supply voltage enable signal line VDDEL may surround
the active area AA. Although only one first supply voltage
line VDDLL1 and one supply voltage enable signal line
VDDEL are depicted in FIG. 1, more than one first supply
voltage lines VDDLL1 and more than one supply voltage
enable signal lines VDDEL may be employed.

[0046] The first supply voltage pad VDDP1, the supply
voltage enable pad VDDEP, the first supply voltage line
VDDLL1 and the supply voltage enable signal line VD-
DEL will be described in more detail later with reference
to FIG. 2.

[0047] Thelighting test array APA may be disposed on
the side of the active area AA opposite to the pad area
PA. The lighting test array APA may include a plurality
of test transistors APTR and a plurality of power supply
transistors VDDTR. The lighting test array APA may be
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used to perform a lighting test on the pixels PX by using
the test transistors APTR when the lighting test is carried
out, and may supply a high-level voltage to the pixels PX
when the organic light-emitting display device 100 is driv-
en.

[0048] Hereinafter, the lighting test and high-level volt-
age supply by the lighting test array APA will be described
in detail with reference to FIG. 2.

[0049] FIG. 2 is an enlarged view of area X of FIG. 1.
For convenience of illustration, FIG. 2 shows only some
of a variety of elements of an organic light-emitting dis-
play device 100, i.e., a plurality of pixels PX, a plurality
of test transistors APTR, a plurality of power supply tran-
sistors VDDTR, a plurality of test data link lines APDL, a
first supply voltage line VDDLLA1, a test enable signal line
APEL, and a supply voltage enable signal line VDDEL.
[0050] Referring to FIG. 2, the pixels PX are arranged
in the active area AA. The pixels PX may include a red
pixel, a green pixel and a blue pixel. Although it is as-
sumed in FIG. 2 that the pixels PX include three kinds of
sub-pixels including a red sub-pixel, a green sub-pixel
and a blue sub-pixel, the present disclosure is not limited
thereto.

[0051] The test transistors APTR are arranged in the
non-active area NA. The test transistors APTR are for
applying the test data voltage to the pixels PX when a
lighting test is carried out on the organic light-emitting
display device 100. The test transistors APTR may be
connected to a plurality of test data link lines APDL and
atestenable signal line APEL. Specifically, the gate elec-
trodes of the test transistors APTR may be connected to
the test enable signal line APEL, one of the source elec-
trodes and the drain electrodes thereof may be connect-
ed to the test data link lines APDL, and the other of them
may be connected to the data lines DL.

[0052] Referringto FIG. 2, the testdata link lines APDL
may include a first test data link line APDL1, a second
testdata line APDL2 and a third test data link line APDL3.
As described above, since the pixels PX include the three
kinds of sub-pixels of the red sub-pixel, the green sub-
pixel and the blue sub-pixel, the test data link line APDL
may also include three kinds of test data link lines APDL
for the red sub-pixel, the green sub-pixel and the blue
sub-pixel, respectively. For example, the first test data
link line APDL1 may be the test data link line APDL for
the red sub-pixel, the second test data link line APDL2
may be the test data link line APDL for the green sub-
pixel, and the third test data link line APDL3 may be test
data link line APDL for the blue sub-pixel. Accordingly,
the test transistor APTR connected to the first test data
link line APDL1 may be connected to the data line DL
connected to the red sub-pixel. The test transistor APTR
connected to the second test data link line APDL2 may
be connected to the data line DL connected to the green
sub-pixel. The testtransistor APTR connected to the third
test data link line APDL3 may be connected to the data
line DL connected to the blue sub-pixel. If the pixels PX
further include additional or different kinds of sub-pixels,
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a test data link line for the different or additional sub-
pixels may be added.

[0053] By using above-described test data pads AP-
DP, the test enable pad APEP, the test data link lines
APDL, the test enable signal line APEL and the test tran-
sistors APTR, the lighting test may be carried out.
[0054] Referring to FIGS. 1 and 2, a test enable signal
may be applied to the test enable pad APEP to turn on
the test transistors APTR during the lighting test. When
the test enable signal is applied to the test data pads
APDP, the test enable signal is transmitted to the test
transistors APTR via the test enable signal line APEL,
such that the test transistors APTR can be turned on.
The test enable signal line APEL may be connected to
all of the test transistors APTR. When the test enable
signal is applied via the test enable signal line APEL, all
of the test transistors APTR may be turned on. It is, how-
ever, to be understood that the present disclosure is not
limited thereto.

[0055] Subsequently, the test data voltage may be ap-
plied via the test data pads APDP. For example, when
the lighting test is carried on the red sub-pixel, the test
data voltage may be applied to the test data pad APDP
connected to the first test data link line APDL1 with the
test enable signal applied to the test enable pad APEP.
Since the test data voltage for the red pixel is applied via
the firsttest data link line APDL1, the test transistor APTR
and the data line DL, the lighting test can be carried on
the red pixel. The lighting tests on the green sub-pixel
and the blue sub-pixel may be carried out in the similarly
manner.

[0056] The power supply transistors VDDTR are ar-
ranged in the non-active area NA. The power supply tran-
sistors VDDTR are for applying a high-level voltage to
the pixels PX when the organic light-emitting display de-
vice 100 is driven. The power supply transistors VDDTR
may be connected to the supply voltage enable signal
line VDDEL and the first supply voltage line VDDLLA1.
Specifically, the gate electrode of each of the power sup-
ply transistor VDDTR may be connected to the supply
voltage enable signalline VDDEL, one of the source elec-
trode and the drain electrode thereof may be connected
to the first supply voltage line VDDLL1, and the other of
them may be connected to the respective power supply
line VDDL.

[0057] By using the above-described first supply volt-
age pad VDDP1, the supply voltage enable pad VDDEP,
the first supply voltage line VDDLL1, the supply voltage
enable signal line VDDEL and the power supply transis-
tors VDDTR, a high-level voltage can be supplied to the
pixels PX.

[0058] Referring to FIGS. 1 and 2, a driver may be dis-
posed in a pad area PA of the organic light-emitting dis-
play device 100. When the organic light-emitting display
device 100 is driven, a supply voltage enable signal may
be applied to the supply voltage enable pad VDDEP in
order to turn on the power supply transistor VDDTR.
When the supply voltage enable signal is applied to the
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supply voltage enable pad VDDEP, the supply voltage
enable signal is transmitted to the power supply transis-
tors VDDTR via the supply voltage enable signal line VD-
DEL, such that the power supply transistors VDDTR can
be turned on. At this time, the supply voltage enable sig-
nal line VDDEL may be connected to all of the power
supply transistors VDDTR. When the supply voltage en-
able signal is applied through the supply voltage enable
signal line VDDEL, all of the power supply transistors
VDDTR may be turned on. It is, however, to be under-
stood that the present disclosure is not limited thereto.
[0059] Subsequently, a high-level voltage may be ap-
plied via the first supply voltage pad VDDP1. For exam-
ple, while the supply voltage enable signal is applied to
the supply voltage enable pad VDDEP, when a high-level
voltage of the same level as the high-level voltage applied
to the second supply voltage pad VDDP2 is applied to
thefirst supply voltage pad VDDP1, the high-level voltage
may be supplied to the pixels PX via the first supply volt-
age line VDDLL1 and the power supply transistors VD-
DTR. At this time, the first supply voltage line VDDLLA1
may be connected to all of the power supply transistors
VDDTR. Itis, however, to be understood that the present
disclosure is not limited thereto.

[0060] ReferringtoFIG.2,the powersupplytransistors
VDDTR and the test transistors APTR are arranged al-
ternately. Specifically, the power supply transistors VD-
DTR and the test transistors APTR may be arranged al-
ternately such that the ratio of the number of the power
supply transistors VDDTR to the number of the test tran-
sistors APTR is 1 : 1. That is to say, as shown in FIG. 2,
the power supply transistors VDDTR and the test tran-
sistors APTR may be alternately arranged one by one.
[0061] The width W2 of the area occupied by the test
transistors APTR may be less than the pitch of the pixels
PX. That is to say, the width W2 of the area occupied by
each of the test transistors APTR may be less than the
spacing W1 between the power supply lines VDDL or the
spacing between the data lines DL. Typically, since the
test transistors APTR only used to apply the test data
voltage during the lighting test, the area occupied by the
testtransistors APTR may be less than the area occupied
by the pixels PX. In particular, as shown in FIG. 2, the
width W2 of the area occupied by the test transistors
APTRis less than half the spacing W2 between the power
supply lines VDDL or half the spacing between the data
lines DL, the power supply transistors VDDTR and the
test transistors APTR may be alternately arranged one
by one.

[0062] The test transistors APTR used only during the
lighting testand should not be turned on when the organic
light-emitting display device 100 is driven in its normal
operation. That is to say, when the organic light-emitting
display device 100 is driven, a data voltage for driving
the organic light-emitting display device 100 is applied
to the data line DL via the data pad. Therefore, the test
data voltage should not be applied to the data line DL via
the testtransistor APTR during normal operation. For this
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reason, the driver bonded to the pad area PA may be
electrically insulated from the test enable signal line
APEL. Alternatively, the driver may be electrically con-
nected to the test enable signal line APEL, and a signal
for turning off the test transistor APTR may be applied
via the test enable signal line APEL as necessary.
[0063] Typically, the high-level voltage is applied to
each of the pixels PX via the power supply lines extended
from the supply voltage line arranged in the non-active
area to the active area AA. Although the power supply
lines are made of a metal material, the space occupied
by the power supply lines decreases as the display device
has a higher resolution, and the length of the power sup-
ply lines increases as the size of the display device in-
creases. As a result, the resistance on the power supply
lines is increased, such that a voltage drop may occur in
the high-level voltage applied through the power supply
lines. Due to such a voltage drop, the luminance of the
conventional display device becomes different from lo-
cation to location.

[0064] Inview ofthe above, inthe organiclight-emitting
display device 100 according to an exemplary embodi-
ment of the present disclosure, the power supply tran-
sistors VDDTR are disposed on the side of the active
area AA opposite to the pad area PA, a high-level voltage
can be applied to the active area AA from the two sides.
Specifically, a high-level voltage may be applied not only
from the side of the active area AA via the first supply
voltage line VDDLL1 disposed between the active area
AA and the pad area PA, but also from the opposite side
of the active area AA using the power supply transistors
VDDTR disposed on the opposite side of the active area
AA. In this manner, the conventional voltage drop in the
high-level voltage that may possibly occur in the power
supply lines VDDL can be mitigated, and the non-uniform
luminance due to the conventional voltage drop can also
be avoided.

[0065] Further, in the organic light-emitting display de-
vice 100 according to the exemplary embodiment of the
present disclosure, the power supply transistors VDDTR
are disposed in the substrate area that is no longer used
once the lighting test is completed, to apply the high-level
voltage. Accordingly, the substrate space can be utilized
more efficiently. The test transistors APTR disposed on
the opposite side of (or adjacent to) the active area AA
are used only during the lighting test in the manufacturing
process and are not used when the organic light-emitting
display device 100 is driven in normal operation. Thus,
the area where the test transistors APTR are disposed
becomes useless once the lighting test is completed,
such that it may increase the size of the non-active area
NA unnecessarily. In view of the above, in the organic
light-emitting display device according to the exemplary
embodiment of the present disclosure, the power supply
transistors VDDTR are each disposed between two ad-
jacent test transistors APTR, allowing the substrate area
to be used even after the lighting test is completed. As a
result, the substrate space can be utilized more efficient-
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ly. The circuit diagram of FIG. 2 shows the power supply
transistors VDDTR and the test transistors APTR being
aligned in an alternating manner along a single row di-
rection, but different physical arrangements may be pos-
sible. For example, the power supply transistors VDDTR
and the test transistors APTR may be staggered from
each otheror aligned in a different manner, such as align-
ment in two rows in the non-active area NA.

[0066] The power supply transistors VDDTR used in
the organic light-emitting display device 100 according
to the exemplary embodiment of the present disclosure
may be formed together with the variety of transistors
disposed in the active area AA and/or the test transistors
APTR via the same process during manufacturing.
Therefore, it requires neither an additional mask process
for forming the power supply transistors VDDTR nor any
significant changes in the overall manufacturing process.
Accordingly, in the organic light-emitting display device
100 according to the exemplary embodiment of the
present disclosure, the power supply transistors VDDTR
to mitigate a voltage drop in a high-level voltage can be
formed without incurring additional costs.

[0067] FIG. 3 is an enlarged view of an organic light-
emitting display device according to another exemplary
embodiment of the present disclosure. An organic light-
emitting display device 200 shown in FIG. 3 is substan-
tially identical to the organic light-emitting display device
100 shown in FIGS. 1 and 2 except that the first supply
voltage line is eliminated and test data link lines APDL
work as the supply voltage line; and, therefore, the re-
dundant description will be omitted.

[0068] In the organic light-emitting display device 200
according to this exemplary embodiment of the present
disclosure, the test data link lines APDL can also apply
a high-level voltage, and accordingly the first supply volt-
age line VDDLL1 can be eliminated.

[0069] The organic light-emitting display device 200
shown in FIG. 3 can be subjected to the lighting test in
the same manner as the organic light-emitting display
device 100 shown in FIGS. 1 and 2.

[0070] Specifically, when the test enable signal is ap-
plied to the test data pads APDP, the test enable signal
is transmitted to the test transistors APTR via the test
enable signal line APEL, such that the test transistors
APTR can be turned on.

[0071] Subsequently, the test data voltage may be ap-
plied via the test data pads APDP. For example, when
the lighting test is carried on the red sub-pixel(s), the test
data voltage may be applied to the test data pad APDP
connected to the first test data link line APDL1 with the
test enable signal applied to the test enable pad APEP.
Since the test data voltage for the red sub-pixel(s) is ap-
plied via the first test data link line APDL1, the test tran-
sistor APTR and the data line DL, the lighting test can be
carried on the red sub-pixel(s). The lighting tests on the
green sub-pixel and the blue sub-pixel may be carried
out in the similarly manner.

[0072] However, the process of applying the high-level
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voltage through the power supply transistors VDDTR
when the organic light-emitting display device 200 is driv-
en is different from that of the organic light-emitting dis-
play device 100 shown in FIGS. 1 and 2.

[0073] Specifically, the power supply transistors VD-
DTR may be connected to the supply voltage enable sig-
nal line VDDEL and the test data link lines APDL. Spe-
cifically, the gate electrode of each of the power supply
transistor VDDTR may be connected to the supply volt-
age enable signal line VDDEL, one of the source elec-
trode and the drain electrode thereof may be connected
to the test data link lines APDL, and the other of them
may be connected to the respective power supply line
VDDL.

[0074] A driver may be disposed in the pad area PA of
the organic light-emitting display device 200. The driver
may apply a voltage to turn on the power supply transis-
tors VDDTR via the supply voltage enable signal line VD-
DEL. Specifically, when the organic light-emitting display
device 200 is driven, a supply voltage enable signal may
be applied to the supply voltage enable pad VDDEP from
the driver in order to turn on the power supply transistors
VDDTR. When the supply voltage enable signal is ap-
plied to the supply voltage enable pad VDDEP, the supply
voltage enable signal is transmitted to the power supply
transistors VDDTR via the supply voltage enable signal
line VDDEL, such that the power supply transistors VD-
DTR can be turned on.

[0075] Subsequently, the driver may apply a high-level
voltage to the test data link lines APDL. Specifically, a
high-level voltage may be applied from the driver via the
test data pads APDP. For example, while the power sup-
ply transistors VDDTR are turned on, when a high-level
voltage having the same level as the high-level voltage
applied to the second supply voltage pad VDDP2 is ap-
plied to the test data pads APDP, a high-level voltage
may be applied to the pixels PX through the test data link
lines APDL and the power supply transistors VDDTR. At
this time, since the test transistors APTR are turned off,
there is no problem in driving the organic light-emitting
display device 200 even if the high-level voltage is applied
to the test data link lines APDL.

[0076] In the organic light-emitting display device 200
according to another exemplary embodiment of the
present disclosure, a high-level voltage is applied to the
test data link lines APDL used for the lighting test when
the organic light-emitting display device 200 is driven,
such that the (substrate) space occupied by the lines in
the organic light-emitting display device 200 can be re-
duced when compared to the conventional art. That is to
say, instead of forming any additional line(s) for transfer-
ring the high-level voltage to the power supply transistor
VDDTR, the test data link lines APDL for transferring the
test data voltage during the lighting test can be used as
a line for transferring the high-level voltage when the or-
ganic light-emitting display device 200 is driven. Accord-
ingly, in the organic light-emitting display device 200 ac-
cording to another exemplary embodiment of the present
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disclosure, it is possible to save the substrate space to
required to mitigate a voltage drop in the high-level volt-
age.

[0077] FIG. 4 is aplan view of an organic light-emitting
display device according to yet another exemplary em-
bodiment of the present disclosure. FIG. 5 is an enlarged
view of area Y of FIG. 4. The organic light-emitting display
device 300 shown in FIGS. 4 and 5 is substantially iden-
tical to the display device 100 shown in FIGS. 1 and 2
except that several pixels PX share a power supply line
VDDL,; and, therefore, the redundant description will be
omitted.

[0078] Referring to FIGS. 4 and 5, one pixel (or sub-
pixel) among the plurality of pixels PX arranged in the
active area AA is connected to a data line DL and to a
power supply line VDDL disposed on its two sides, re-
spectively, while another pixel (or sub-pixel) is connected
to a data line DL disposed on its one side and to the
power supply line VDDL between the two pixels (or sub-
pixels) next to each other. That is to say, two pixels PX
(or sub-pixels) next to each other may share one power
supply line VDDL.

[0079] Referring to FIG. 5, as the pixels PX next to
each other share the power supply line VDDL, power
supply transistors VDDTR and test transistors APTR are
arranged alternately. Here, the power supply transistors
VDDTR and the test transistors APTR may be arranged
alternately such that the ratio of the number of the power
supply transistors VDDTR to the number of the test tran-
sistors APTR is 1 : 2. That is to say, as shown in FIG. 5,
one power supply transistor VDDTR is disposed, and
then two test transistors APTR are disposed, and so on.
Itis, however, to be understood that the present disclo-
sure is not limited thereto. The specific ratio, arrange-
ment, etc. can be adjusted or changed according to var-
ious characteristics of the final product, such as screen
size, screenresolution, display environment, and the like.
[0080] The width W3 of the (substrate) area occupied
by the test transistors APTR may be less than the pitch
of the pixels PX. That is to say, the width W3 of the area
occupied by each of the test transistors APTR may be
less than the spacing W1 between the power supply lines
VDDL or the spacing between the data lines DL. It is to
be noted that, as shown in FIG. 5, the width W3 of the
area occupied by each of the test transistors APTR may
be less than half the spacing W1 between the power sup-
ply lines VDDL or half the spacing between the data lines
DL. In this case, it may be difficult to form the power
supply transistors VDDTR and the test transistors APTR
such that the number of the power supply transistors VD-
DTR is equal to the number of the test transistors APTR.
For this reason, in the organic light-emitting display de-
vice 300 according to yet another exemplary embodiment
of the present disclosure, the power supply transistors
VDDTR and the test transistors ARTR may be arranged
alternately such that the ratio of the number of the power
supply transistors VDDTR to the number of the test tran-
sistors APTRis 1: 2.
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[0081] In the organic light-emitting display device 300
according to yet another exemplary embodiment of the
present disclosure, by adjusting the number of the power
supply transistors VDDTR, it is possible to mitigate a volt-
age drop in the high-level voltage even when the test
transistors APTR occupy alarge area. Specifically, when
the test transistors APTR occupy a large area, the pixels
PX (or sub-pixels) share the power supply lines, and the
number of the power supply transistors VDDTR is less
than the number of the test transistors APTR, such that
the space can be utilized more efficiently. In this manner,
the voltage drop in the high-level voltage that may pos-
sibly occur in the power supply lines VDDL can be miti-
gated, and the non-uniform luminance due to the voltage
drop can also be avoided. In addition, the space can be
utilized more efficiently when compared to the conven-
tional art.

[0082] Theexemplary embodiments ofthe presentdis-
closure can also be described as follows:

[0083] According to an aspect of the present disclo-
sure, there is provided an organic light-emitting display
device including: a substrate comprising an active area
in which a plurality of pixels is defined, and a non-active
area surrounding the active area and having a pad area
in which a plurality of pads is disposed on one side of the
active area; a plurality of power supply lines disposed in
the active area; a plurality of test transistors disposed in
the non-active area on another side of the active area;
and a plurality of power supply transistors connected to
the plurality of power supply lines and disposed next to
the respective test transistors.

[0084] The device may further include: a plurality of
test data link lines connected to the plurality of test tran-
sistors; a test enable signal line connected to the plurality
oftest transistors; and a supply voltage enable signal line
connected to the plurality of power supply transistors.
[0085] The plurality of pads may include: a plurality of
test data pads connected to the plurality of test data link
lines; at least one test enable pad connected to the test
enable signal line; and at least one supply voltage enable
pad connected to the supply voltage enable signal line.
[0086] The device may further include: a plurality of
data lines disposed in the active area, wherein a gate
electrode of each of the plurality of test transistors is con-
nected to the test enable signal line, one of a source
electrode and a drain electrode thereof is connected to
one of the plurality of test data link lines, and the other
of the source electrode and the drain electrode thereof
is connected to one of the plurality of data lines.

[0087] The device may further include: a plurality of
data link lines disposed between the active area and the
pad area and connected to the data lines, wherein the
plurality of pads further comprise a plurality of data pads
connected to the data link lines.

[0088] A gate electrode of each of the power supply
transistors may be connected to the supply voltage en-
able signal line, one of a source electrode and a drain
electrode thereof may be connected to one of the test
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data link lines, and the other of the source electrode and
the drain electrode thereof may be connected to one of
the power supply lines, e.g. to a respective power supply
line.

[0089] The device may furtherinclude: a driver bonded
to the plurality of pads, wherein the driver is configured
to apply a high-level voltage to the plurality of test data
link lines and to apply a signal to turn on the plurality of
power supply transistors via the supply voltage enable
signal line.

[0090] The driver may be electrically insulated from the
test enable signal line or may apply a signal to turn off
the plurality of test transistors through the test enable
signal line.

[0091] The device may further include: a first supply
voltage line connected to the plurality of power supply
transistors, wherein the plurality of pads further compris-
es at least one first supply voltage pad connected to the
first supply voltage line.

[0092] A gate electrode of each of the power supply
transistors may be connected to the supply voltage en-
able signal line, one of a source electrode and a drain
electrode thereof may be connected to the first supply
voltage line, and the other of the source electrode and
the drain electrode thereof may be connected to one of
the power supply lines, e.g. to a respective power supply
line.

[0093] The test data link lines, the test enable signal
line and the supply voltage enable signal line may sur-
round the active area.

[0094] The width of the area occupied by the test tran-
sistors may be less than the spacing between the power
supply lines.

[0095] The test transistors and the power supply tran-
sistors may be arranged alternately.

[0096] The number of the test transistors may be equal
to or greater than the number of the power supply tran-
sistors.

[0097] Two pixels next to each other among the plu-
rality of pixels may share one of the plurality of power
supply lines.

[0098] The device may further include: a second sup-
ply voltage line disposed between the pad area and the
active area and connected to the plurality of power supply
lines. The plurality of pads may include at least one sec-
ond supply voltage pad connected to the second supply
voltage line, and the second supply voltage pad may re-
ceive a voltage of a same level as the first supply voltage
pad.

[0099] According to another aspect of the present dis-
closure, there is provided an organic light-emitting dis-
play device including: a substrate comprising an active
area having a plurality of pixels, and a non-active area
adjacent to the active area and having a pad area next
to one side of the active area; a plurality of power supply
lines disposed in the active area; a plurality of test tran-
sistors disposed in the non-active area next to (or on)
two sides of the active area; and a plurality of power sup-
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ply transistors each disposed between two of the test
transistors (e.g., between two adjacent test transistors).
The power supply transistors apply a high-level voltage
to the power supply lines to reduce a voltage drop in the
power supply lines.

[0100] The device may further include: a plurality of
test data link lines connected to the plurality of test tran-
sistors; a test enable signal line connected to the plurality
oftest transistors; and a supply voltage enable signal line
connected to the plurality of power supply transistors.
[0101] The test transistors and the power supply tran-
sistors may be arranged alternately.

[0102] Thus far, exemplary embodiments of the
present disclosure have been described in detail with ref-
erence to the accompanying drawings. However, the
present disclosure is not limited to the exemplary em-
bodiments, and modifications and variations can be
made thereto without departing from the technical idea
of the present disclosure. Accordingly, the exemplary
embodiments described herein are merely illustrative
and are not intended to unnecessarily limit the scope of
the present disclosure. The technical idea of the present
disclosure is not limited by the exemplary embodiments.
Therefore, it should be understood that the above-de-
scribed embodiments are not limiting but illustrative in all
aspects. The scope of protection sought by the present
disclosure can be defined by the appended claims.

Claims

1. An organic light-emitting display device (100, 200,
300) comprising:

asubstrate (110) comprising an active area (AA)
in which a plurality of pixels (PX) is defined, and
a non-active area (NA) surrounding the active
area (AA) and having a pad area (PA) in which
a plurality of pads (DP, VDDP1, VDDP2, APDP,
APEP, VDDEP) is disposed on one side of the
active area (AA);

a plurality of power supply lines (VDDL) dis-
posed in the active area (AA);

a plurality of test transistors (APTR) disposed in
the non-active area (NA) on another side of the
active area (AA); and

a plurality of power supply transistors (VDDTR)
connected to the plurality of power supply lines
(VDDL) and disposed next to the respective test
transistors (APTR).

2. The device (100, 200, 300) of claim 1, further com-
prising:

a plurality of test data link lines (APDL) connect-
ed to the plurality of test transistors (APTR), re-
spectively;

a test enable signal line (APEL) connected to
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the plurality of test transistors (APTR); and

a supply voltage enable signal line (VDDEL)
connected to the plurality of power supply tran-
sistors (VDDTR).

3. The device (100, 200, 300) of claim 2, wherein the
plurality of pads (DP, VDDP1, VDDP2, APDP,
APEP, VDDEP) comprises:

a plurality of test data pads (APDP) connected
to the plurality of test data link lines (APDL);

at least one test enable pad (APEP) connected
to the test enable signal line (APEL); and
atleast one supply voltage enable pad (VDDEP)
connected to the supply voltage enable signal
line (VDDEL).

4. The device (100, 200, 300) of claim 2 or 3, further
comprising:

a plurality of data lines (DL) disposed in the ac-
tive area (AA),

wherein a gate electrode of each of the plurality
of test transistors (APTR) is connected to the
test enable signal line (APEL), one of a source
electrode and a drain electrode thereof is con-
nected to one of the plurality of test data link
lines (APDL), and the other of the source elec-
trode and the drain electrode thereof is connect-
ed to one of the plurality of data lines (DL).

5. The device (100, 200, 300) of claim 4, further com-
prising:

a plurality of data link lines (DLL) disposed be-
tween the active area (AA) and the pad area
(PA) and connected to the data lines (DL),
wherein the plurality of pads (DP, VDDP1,
VDDP2, APDP, APEP, VDDEP) further com-
prise a plurality of data pads (DP) connected to
the data link lines (DLL).

6. The device (200) of claim 2 or 3, wherein a gate
electrode of each of the power supply transistors
(VDDTR) is connected to the supply voltage enable
signal line (VDDEL), one of a source electrode and
a drain electrode thereof is connected to one of the
test data link lines (APDL), and the other of the
source electrode and the drain electrode thereof is
connected to one of the power supply lines (VDDL).

7. The device (200) of claim 6, further comprising:

a driver bonded to the plurality of pads (DP,
VDDP1, VDDP2, APDP, APEP, VDDEP),

wherein the driver is configured to apply a high-
level voltage to the plurality of test data link lines
(APDL) and to apply a signal to turn on the plu-
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rality of power supply transistors (VDDTR)
through the supply voltage enable signal line
(VDDEL).

The device (200) of claim 7, wherein the driver is
electrically insulated from the test enable signal line
(APEL) or is configured to apply a signal to turn off
the plurality of test transistors (APTR) through the
test enable signal line (APEL).

The device (100, 300) of any one of claims 2 to 5,
further comprising:

a first supply voltage line (VDDLL1) connected
to the plurality of power supply transistors (VD-
DTR),

wherein the plurality of pads (DP, VDDP1,
VDDP2, APDP, APEP, VDDEP) further com-
prises at least one first supply voltage pad
(VDDP1) connected to the first supply voltage
line (VDDLL1).

The device (100, 300) of claim 9, wherein a gate
electrode of each of the power supply transistors
(VDDTR) is connected to the supply voltage enable
signal line (VDDEL), one of a source electrode and
adrain electrode thereofis connected to the first sup-
ply voltage line (VDDLL1), and the other of the
source electrode and the drain electrode thereof is
connected to one of the plurality of power supply
lines (VDDL).

The device (100, 200, 300) of any one of claims 2 to
10, wherein the plurality of test datalink lines (APDL),
the test enable signal line (APEL) and the supply
voltage enable signal line (VDDEL) are arranged so
as to surround the active area (AA).

The device (100, 200, 300) of any one of claims 1 to
11, wherein a width of an area occupied by the plu-
rality of test transistors (APTR) is less than a spacing
between the plurality of power supply lines (VDDL).

The device (100, 200, 300) of any one of claims 1 to
12, wherein the plurality of test transistors (APTR)
and the plurality of power supply transistors (VD-
DTR) are arranged alternately.

The device (100, 200, 300) of any one of claims 1 to
13, wherein a number of test transistors (APTR) is
equal to or greater than a number of power supply
transistors (VDDTR),

wherein, preferably, two pixels (PX) nextto each oth-
er among the plurality of pixels (PX) share one of the
plurality of power supply lines (VDDL).

The device (100, 200, 300) of any one of claims 1 to
14, further comprising:
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a second supply voltage line (VDDLL2) dis-
posed between the pad area (PA) and the active
area (AA) and connected to the plurality of power
supply lines (VDDL),

wherein the plurality of pads (DP, VDDP1,
VDDP2, APDP, APEP, VDDEP) comprises at
least one second supply voltage pad (VDDP2)
connected to the second supply voltage line
(VDDLL2), wherein the second supply voltage
pad (VDDP2) receives a voltage of a same level
as the first supply voltage pad (VDDP1).
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