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(57)  An organic light emitting diode (OLED) display
device includes a substrate (110) including a circular arc
portion (111) and a driving circuit (130) connecting por-
tion connected to the top of the circular arc portion. The
circular arc portion is substantially circular around a cent-
er point. A display area (120) is formed in the circular arc
portion. The display area has a circular shape centered
around the center point. A driving power supply line (150)
is formed in the circular arc portion and configured to
provide a driving voltage for OLED pixels of the OLED
display device. The driving power supply line formed to
at least partially surround the display area. A number of
power lines (PL) electrically connect the driving power
supply line to the OLED pixels. A number of bridge lines
(BL) are formed outside of the display area, where each
bridge line connecting one of the power lines with at least
one adjacent power line.
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of the Korean
Patent Application No.10-2014-0098514 filed on July 31,
2014, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a display de-
vice, and more particularly, to a display device having a
circular display portion.

Discussion of the Related Art

[0003] Generally, display devices have been widely
used as display screens of various products such as tel-
evisions, notebook computers and monitors as well as
portable electronic devices such as mobile communica-
tion terminals, electronic diaries, electronic books, port-
able multimedia players (PMPs), navigation systems, ul-
tra mobile PCs (UMPCs), mobile phones, smart phones,
tablet PCs (personal computers) and watch phones.
[0004] Of the display devices, a liquid crystal display
device, an organic light emitting display device and an
Electrophoretic display device may be manufactured at
slim sizes, whereby studies for developing these display
devices as flexible display devices have been made.
[0005] A flexible display device based on an organic
light emitting diode displays a desired picture image by
controlling a current, which flows from a pixel power line
to the organic light emitting diode, in accordance with a
data signal. Such a flexible display device based on an
organic light emitting diode has arectangular type display
portion on a plane due to an arrangement structure of a
signal line, an arrangement structure of a pixel driving
power line, and an arrangement structure of a driving
circuit.

[0006] Recently, asimportance in appearance and de-
sign of the display device has been considered and at-
tention of consumers to wearable devices such as a
watch phone has been increased, studies and develop-
ments of a display device having a circular display portion
not a rectangular display portion have been made.
[0007] Meanwhile, in the display device having a cir-
cular display portion based on an organic light emitting
diode, the organiclight emitting diode of each of a plurality
of pixels arranged in the circular display portion emits
light through a current corresponding to a data signal
supplied from pixel power lines

[0008] However, resistance deviation between the pix-
el power lines occurs due to a difference in lengths of the
pixel power lines connected to the respective pixels, and
apixel driving power source applied to each pixel is varied
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per pixel due to the resistance deviation, whereby a prob-
lem occurs in that luminance deviation per area occurs
in the circular display portion.

[0009] The aforementioned display device having acir-
cular display portion based on an organic light emitting
diode is owned for derivation of the present invention by
the inventor of this application or is technical information
obtained by a process for derivation of the present inven-
tion, and is not regarded as the prior art necessarily dis-
closed to a general public prior to application of the
present invention.

SUMMARY OF THE INVENTION

[0010] Accordingly, the presentinvention is directed to
a display device that substantially obviates one or more
problems due to limitations and disadvantages of the re-
lated art.

[0011] An organic light emitting diode (OLED) display
device includes a substrate including a circular arc por-
tion and a driving circuit connecting portion connected to
the top of the circular arc portion. The circular arc portion
is substantially circular around a center point. A display
areais formed in the circular arc portion. The display area
has a circular shape centered around the center point. A
driving power supply line is formed in the circular arc
portion and configured to provide a driving voltage for
OLED pixels of the OLED display device. The driving
power supply line formed to at least partially surround
the display area. A number of power lines electrically
connect the driving power supply line to the OLED pixels.
A number of bridge lines are formed outside of the display
area, where each bridge line connecting one of the power
lines with at least one adjacent power line.

[0012] An advantage of the present invention is to pro-
vide a display device that may minimize luminance de-
viation per area of a circular display portion.

[0013] Another advantage of the present invention is
to provide a display device having a thin bezel width while
having a circular display portion.

[0014] Additional advantages and features of the in-
vention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. The
objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed
out in the written description and claims hereof as well
as the appended drawings.

[0015] It is to be understood that both the foregoing
general description and the following detailed description
of the present invention are exemplary and explanatory
and are intended to provide further explanation of the
invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings, which are includ-
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ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this applica-
tion, illustrate embodiment(s) of the invention and togeth-
er with the description serve to explain the principle of
the invention. In the drawings:

FIG. 1 is a plane view briefly illustrating a display
device according to one embodiment of the present
invention;

FIG. 2 is a view illustrating pixels and dummy pixels
formed in a circular display portion shown in FIG. 1;
FIG. 3 is an enlarged view of a portion "A" shown in
FIG. 1;

FIG. 4 is a cross-sectional view taken along line I-I’
shown in FIG. 1;

FIG. 5 is another enlarged view of a portion "A"
shown in FIG. 1; and

FIG. 6 is a view illustrating a modified example a
display device according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Reference will now be made in detail to the ex-
emplary embodiments of the present invention, exam-
ples of which are illustrated in the accompanying draw-
ings. Wherever possible, the same reference numbers
will be used throughout the drawings to refer to the same
or like parts.

[0018] Terms disclosed in this specification should be
understood as follows.

[0019] Theterm of a singular expression should be un-
derstood to include a multiple expression as well as the
singular expression if there is no specific definition in the
context. The terms such as "the first" and "the second"
are used only to differentiate one element from other el-
ements. Thus, a scope of claims is not limited by these
terms. Also, it should be understood that the term such
as "include" or "have" does not preclude existence or
possibility of one or more features, numbers, steps, op-
erations, elements, parts or their combinations. It should
be understood that the term "at least one" includes all
combinations related with any one item. For example, "at
least one among a first element, a second element and
a third element" may include all combinations of two or
more elements selected from the first, second and third
elements as well as each element of the first, second and
third elements. Also, if itis mentioned that a first element
is positioned "on or above" a second element, it should
be understood that the first and second elements may
be brought into contact with each other, or a third element
may be interposed between the first and second ele-
ments.

[0020] Hereinafter, a display device according to the
preferred embodiment of the present invention will be
described in detail with reference to the accompanying
drawings. Wherever possible, the same reference num-
bers will be used throughout the drawings to refer to the
same or like parts. Also, in the following description of
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the present invention, if detailed description of elements
or functions known in respect of the present invention is
determined to make the subject matter of the present
invention unnecessarily obscure, the detailed description
will be omitted.

[0021] FIG. 1isaplaneview briefly illustrating a display
device according to one embodiment of the present in-
vention, FIG. 2 is a view illustrating pixels and dummy
pixels formed in a circular display portion shown in FIG.
1, FIG. 3 is an enlarged view of a portion "A" shown in
FIG. 1, and FIG. 4 is a cross-sectional view taken along
line I-I' shown in FIG. 1.

[0022] Referring to FIGS. 1 to 4, the display device
according to one embodiment of the present invention
includes a substrate 110, a circular display portion 120,
a driving circuit portion 130, a driving power supply line
150, and a cathode power supply line 160.

[0023] The substrate 110 may include a circular arc
portion 111 and a driving circuit connecting portion 113,
and its example may include a flexible substrate, for ex-
ample, a plastic substrate.

[0024] Thecirculararcportion 111 isformedinashape
of a circular arc having the same first radius based on a
center portion of the circular display portion 120.

[0025] The driving circuit connecting portion 113 is pro-
jected (or extended) from one side (for example, upper
side) of the circular arc portion 111 to have a certain size.
The driving circuit connecting portion 113 may include
the driving circuit portion 130 connected with the circular
display portion 120, various link lines, and a driving pad
portion 113a. The driving circuit connecting portion 113
is connected with a display driving portion (not shown)
ofthe display device through the driving pad portion 113a.
The driving pad portion 113a may include a plurality of
data pads to which image data for displaying images on
the circular display portion 120 are supplied from the dis-
play driving portion, a plurality of power pads to which a
power source required for driving of a pixel is supplied,
and a plurality of control signal pads to which a control
signal is supplied.

[0026] The substrate 110 may further include a touch
circuit connecting portion 115. The touch circuit connect-
ing portion 115 is projected (or extended) from the other
side of the circular arc portion 111 to have a certain size.
The touch circuit connecting portion 115 may include a
touch driving line of a touch panel (not shown) arranged
on the circular display portion 120, a routing line connect-
ed to a touch sensing line, and a touch pad portion 115a.
This touch circuit connecting portion 115 is connected
with a touch driving portion (not shown) of the display
device through the touch pad portion 115a. The touch
pad portion 115a may include a plurality of driving line
pads connected to the touch driving line, and a plurality
of sensing line pads connected to the touch sensing line.
[0027] The substrate 110 may be attached onto a sup-
port substrate 100. That is, the support substrate 100 is
formed in the same shape as that of the substrate 110,
and maintains the substrate 110 made of a flexible ma-



5 EP 2 980 854 A1 6

terial in a plane state. In this case, if the substrate 110 is
made of a non-flexible material, it is preferable that the
support substrate 100 is omitted for slimming of the dis-
play device.

[0028] The circular display portion 120 is formed on
the circular arc portion 111 of the substrate 110inashape
of a circle. That is, the circular display portion 120 may
be formed in a shape of a circle having a second radius
smaller than the radius of the circular arc portion 111,
based on the center portion. At this time, the circular arc
portion 111 and the circular display portion 120 are sub-
stantially formed in a shape of a concentric circle, where-
by a bezel width BW of the display device, which is de-
fined between an outer sidewall of the substrate 110 and
the circular display portion 120, may be reduced.
[0029] The circular display portion 120 includes a dis-
play area 121 comprised of a plurality of pixels P formed
on the substrate 110, and a dummy pixel area 123 sur-
rounding the display area 121, a plurality of pixel power
lines, and a plurality of bridge lines BL.

[0030] The display area 121 includes a plurality of pix-
els P arranged in a matrix arrangementto display images.
As an example, the matrix of pixels may be arranged in
row-column manner. An outer circumference portion of
the display area 121 may be formed in a shape of a stair
due to the arrangement structure of the pixels P based
on a curvature of the circular display portion 120. That
is, since rectangular pixels are arranged along a circum-
ference of the display area 121 to form the circular display
portion 120, the outer circumference portion of the dis-
play area 121 is substantially formed in a shape of a stair
not a circle due to the rectangular pixels. However, if the
display area 121 has resolution more than a certain level,
since the outer circumference portion of the display area
121 is perceived in a shape of a circle, the outer circum-
ference portion of the display area 121 formed in a fine
stair shape by pixel arrangement should be understood
as a circle shape. In this case, since the circumference
of the display area 121 is substantially formed in a shape
of a concentric circle with the circular arc portion 111,
curvatures of the display area 121 and the circular arc
portion 111 are matched with each other, whereby es-
thetic design of the display device according to the
present invention may be improved, and increase of a
bezel width, which is caused as the curvatures of the
display area 121 and the circular arc portion 111 are not
matched with each other, may be avoided.

[0031] Each of the plurality of pixels P is formed in a
pixelarea defined by a plurality of scanlines SL, a plurality
of pixel power lines PL and a plurality of data lines DL,
which are formed on the circular display portion 120 at
certain intervals. In this case, the plurality of pixel power
lines PL and the plurality of data lines DL are formed at
certain intervals to cross the plurality of scan lines SL.
[0032] Each of the plurality of pixels P may include a
pixel circuit (PC) and an organic light emitting diode
(OLED).

[0033] The pixel circuit PC is connected to its adjacent
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scan line SL, data line DL and pixel power line PL, and
controls a current flowing in the organic light emitting di-
ode OLED in accordance with a data signal from the data
line DL in response to a scan pulse from the scan line
SL. The pixel circuit PC according to one embodiment
may include a switching transistor Tsw, a driving transis-
tor Tdr, and a capacitor Cst.

[0034] The switching transistor Tsw includes a gate
electrode connected to the scan line SL, a first electrode
connected to the data line, and a second electrode con-
nected to a gate terminal N1 of the driving transistor Tdr.
In this case, the first and second electrodes of the switch-
ing transistor Tsw may be source electrode or drain elec-
trode in accordance with a direction of the current. The
switching transistor Tsw is switched in accordance with
the scan pulse supplied to the scan line SL, and supplies
the data signal, which is supplied to the data line DL, to
the driving transistor Tdr.

[0035] The drivingtransistor Tdris turned onin accord-
ance with a voltage of the capacitor Cst to control the
amount of the current flowing from the driving power line
PL toward the organic light emitting diode OLED. To this
end, the driving transistor Tdr includes a gate electrode
connected to the second electrode N1 of the switching
transistor Tsw, a source electrode connected to the pixel
power line PL, and a drain electrode to be connected to
the organic light emitting diode OLED. The driving tran-
sistor Tdr is switched in accordance with the data signal
supplied from the switching transistor Tsw and controls
the data current flowing from the pixel power line PL to-
ward the organic light emitting diode OLED.

[0036] The capacitor Cstis connected between a gate
terminal N1 and a source terminal of the driving transistor
Tdr to store a voltage corresponding to the data signal
supplied to the gate terminal of the driving transistor Tdr,
and turns on the driving transistor Tdr by the stored volt-
age.

[0037] The organic light emitting diode OLED may in-
clude an anode electrode (or pixel electrode) connected
to the source terminal of the driving transistor Tdr, an
organic light emitting layer formed between the anode
electrode and a cathode electrode layer CE. The organic
light emitting diode OLED displays a predetermined im-
age by emitting light in accordance with the data current
flowing from the pixel power line PL to the cathode elec-
trode layer CE in accordance with switching of the driving
transistor Tdr.

[0038] The cathode electrode layer CE is formed to
cover the circular display portion 120 and commonly con-
nected to the organic light emitting layer of the organic
light emitting diode OLED formed in each pixel.

[0039] The dummy pixel area 123 includes a plurality
of dummy pixels DP formed along the circumference of
the display area 121 to surround the pixels P formed at
the outmost of the display area 121. That is, the dummy
pixels DP are formed to adjoin the outmost pixel P of
each horizontal line of the display area 121. At this time,
the number of the dummy pixels DP may be formed in
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each horizontal line equally or differently in accordance
with the curvature of the display area 121. The plurality
of dummy pixels DP serves as an anti-static circuit, which
prevents external static electricity from being transferred
to the pixels P of the display area 121, without displaying
images unlike the pixels P formed in the display area 121.
[0040] The plurality of pixel power lines PL are formed
at certain intervals in parallel with the data lines DL, and
apply the pixel driving power source to the second elec-
trode of the driving transistor Tdr of each pixel P. For
example, each of the pixel power lines PL may be shared
by two adjacent pixels P. In this case, a pair of pixels
adjacent to each other along a longitudinal direction of
the scan line SL. Therefore, according to the present in-
vention, the number of pixel power lines PL and the
number of power link lines, which will be described later,
may be reduced. As a result, the interval between the
pixels P may be reduced as much as an area reserved
by the reduced pixel power lines PL and thus the width
of the driving circuit connecting portion 113 may be re-
duced, and the formation area of the power link lines may
be reduced, whereby the bezel width of the display device
may be reduced.

[0041] Each of the plurality of bridge lines BL is formed
in the dummy pixel area 123, so as to be connected to
its adjacent pixel power line PL. That is, the plurality of
pixel power lines PL include a plurality of power line
groups having two adjacent pixel power lines PL, and
each of the plurality of bridge lines BL is formed in the
plurality of power line groups along the outer circumfer-
ence portion of the display area 121 one to one, thereby
electrically connecting two pixel power lines PL included
in each power line group with each other. Each of the
plurality of bridge lines BL is formed on a layer different
from the pixel power lines PL without being electrically
connected with the data lines DL while crossing a pair of
pixel power lines PL desired by each bridge line to con-
nect them with each other, thereby connecting the pair
of pixel power lines PL with each other through a contact
hole CH. For example, each of the plurality of bridge lines
BL may be patterned on the same layer as the scan line
SL or the anode electrode.

[0042] In one embodiment, the OLEDs of the dummy
pixels adjacent to the display area are reduced in size in
comparison to display area pixels and/or other dummy
pixels in order to accommodate the bridge lines BL. This
reduction in size may include a reduction in height along
the axis running parallel to the columns of pixels, so that
bridge lines are able to fitin this space and connect power
lines laterally. As a result, the bridge lines do not require
any additional space on the surface of the substrate be-
tween the display area and dummy pixel area.

[0043] Each of the plurality of bridge lines BL is formed
in the dummy pixel area 123 adjacent to the display area
121 such that a pair of pixel power lines PL have equi-
potential electrically, whereby picture quality deteriora-
tion caused by length deviation of the pixel power lines
PLisresolved. Thatis, each of the plurality of bridge lines
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BL is formed in the dummy pixel area 123, which is ad-
jacent to the display area 121 or spaced apart from the
display area 121 as much as at least one dummy pixel,
so as not to generate potential deviation at a pixel power
incoming portion which is one side of the pixel power
lines PL to which the pixel driving power source is sup-
plied. For reference, each of the plurality of bridge lines
BL may be formed in the display area 121 spaced apart
from the pixel power incoming portion. In this case, po-
tential deviation is generated at one side of each of the
pixel power lines PL between the power incoming portion
and the bridge line BL, whereby the pixel power lines PL
cannot have equipotential electrically.

[0044] The driving circuit portion 130 according to the
first embodiment displays a predetermined image on the
display area 121 of the circular display portion 120 by
driving the plurality of pixels formed in the display area
121 of the circular display portion 120 by using image
data, a control signal, and a driving voltage, which are
supplied from the display driving portion through the driv-
ing pad portion 113a. The driving circuit portion 130 ac-
cording to the first embodiment is comprised of an inte-
grated circuit, is packaged in a chip package area pro-
vided in the driving circuit connecting portion 113, and is
connected to the plurality of scanlines SL and the plurality
of data lines DL through link lines formed between the
chip package area and the circular display portion 120,
whereby the data signal is supplied to the plurality of data
lines DL to synchronize with supply of the scan pulse to
the plurality of scan lines SL. That is, the driving circuit
portion 130 according to the first embodiment converts
image data to analog type data signal in response to the
control signal and generates the scan pulse, and supplies
the data signal to the plurality of data lines DL to syn-
chronize with sequential supply of the generated scan
pulse to the plurality of scan lines SL. At this time, the
driving circuit portion 130 generates pixel data per pixel
by aligning the input image data to be suitable for the
pixel arrangement structure of the circular display portion
120, and converts the generated pixel data to the data
signal.

[0045] The driving circuit portion 130 according to the
second embodiment supplies the data signal to the plu-
rality of data lines DL formed in the circular display portion
120 by using image data, a control signal, and a driving
voltage, which are supplied from the display driving por-
tion through the driving pad portion 113a. The driving
circuit portion 130 according to the second embodiment
is comprised of an integrated circuit, is packaged in the
chip package area provided in the driving circuit connect-
ing portion 113, and is connected to the plurality of data
lines through data link lines formed between the chip
package area and the circular display portion 120, where-
by the data signal is supplied to the plurality of data lines
DL. That is, the driving circuit portion 130 according to
the second embodiment generates pixel data per pixel
by aligning image data input in response to the control
signal to be suitable for the pixel arrangement structure
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ofthe circular display portion 120, converts the generated
pixel data to the data signal, and supplies the converted
data signal to the plurality of data lines DL.

[0046] If the display device according to the present
invention includes the driving circuit portion 130 accord-
ing to the second embodiment, the display device ac-
cording to the present invention further includes a scan
driving circuit 140 formed on the circular arc portion 111
of the substrate 110 along the circumference of the cir-
cular display portion 120 instead of omitting a plurality of
scan link lines formed in the driving circuit connecting
portion 113 to connectascan channel of the driving circuit
portion 130 with the plurality of scan lines SL one to one.
[0047] The scandriving circuit 140is formedin a shape
of a circular arc along the circumference of the circular
display portion 120 and then connected to the plurality
of scan lines SL. The scan driving circuit 140 generates
scan pulses in response to a scan control signal supplied
from the display driving portion through scan control link
lines and the driving pad portion 130a and sequentially
supplies the generated scan pulses to the plurality of scan
lines SL. As one example, the scan driving circuit 140
may be formed along a left circumference or right circum-
ference of the circular display portion 120 and may supply
the scan pulses to one end or the other end of each of
the plurality of scan lines SL. As another example, the
scan driving circuit 140 may be formed along the left cir-
cumference or right circumference of the circular display
portion 120 and may simultaneously supply the scan
pulses to one end and the other end of each of the plurality
of scan lines SL. As other example, the scan driving cir-
cuit 140 may be formed along the left circumference or
right circumference of the circular display portion 120,
and may supply the scan pulses to one end of the odd
numbered scan lines SL and supply the scan pulses to
the other end of the odd numbered scan lines SL.
[0048] If the display device according to the present
invention includes the scan driving circuit 140, the
present invention may reduce the bezel width BW of the
display device by reducing a size of the driving circuit
connecting portion 113 in accordance with omission of
the plurality of scan link lines or reducing a length of the
driving circuit connecting portion 113, and the circular
arc portion 111 may be formed in a shape of a concentric
circle with the circular display portion 120. Alternatively,
the present invention may arrange or form the plurality
of data link lines in the driving circuit connecting portion
113 more sufficiently by obtaining a space for forming
the data link lines as much as a space reserved by the
plurality of scan link lines which are omitted, instead of
reducing the bezel width BW of the display device.
[0049] The driving power supply line 150 serves as a
main power line supplied to the plurality of pixel power
lines PL formed in the circular display portion 120 and is
formed on the substrate 110 along the circumference of
the circular display portion 120 to have a constant width
and thickness, and its both ends are connected to a driv-
ing power pad of the driving pad portion 113a formed in
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the driving circuit connecting portion 113.

[0050] The driving power supply line 150 according to
one embodiment may be categorized into a circumfer-
ence line 151, a first shoulder line 153 and a second
shoulder line 155 in accordance with its position formed
on the substrate 110.

[0051] The circumference line 151 is formed along the
circumference of the other circular display portion 120
except one side of the circular display portion 120 adja-
cent to the driving circuit connecting portion 113. Prefer-
ably, the circumference line 151 is formed in a shape of
a concentric circle with at least one of the circular display
portion 120 and an outer sidewall of the substrate 110.
Thatis, since the driving power supply line 150 is formed
at the outmost of the substrate 110, the driving power
supply line 150 should be spaced apart from the outer
sidewall 110a of the substrate 110 as much as a prede-
termined distance D 1 by considering inflow of static elec-
tricity, etc. If the circumference line 151 is not formed in
a shape of a concentric circle with the circular display
portion 120, the distance D1 between the outer sidewall
110a of the substrate 110 and the circumference line 151
becomes nonuniform, whereby static electricity may be
entered from the circumference line 151 arranged to be
relatively close to the outer sidewall 110a of the substrate
110. Therefore, it is preferable that the circumference
line 151 is formed in a shape of a concentric circle with
the circular display portion 120, and is also formed in a
shape of a concentric circle with the outer sidewall 110a
of the substrate 110.

[0052] The first shoulder line 153 is formed between
one side end of the circumference line 151 adjacent to
the driving circuit connecting portion 113 and a first driv-
ing power pad of the driving pad portion 113a at a certain
curvature and connects one side end of the circumfer-
ence line 151 to the first driving power pad.

[0053] The second shoulder line 155 is formed be-
tween the other side end of the circumference line 151
adjacent to the driving circuit connecting portion 113 and
a second driving power pad of the driving pad portion
113a at a certain curvature and connects the other side
end of the circumference line 151 to the second driving
power pad.

[0054] The driving power supply line 150 constructed
as above is connected to a lower end of each of the plu-
rality of pixel power lines PL based on the center portion
of the display area 121 through each of the plurality of
driving power link lines PLL.

[0055] Each of the plurality of driving power link lines
PLL is extended or projected from the driving power sup-
ply line 150 along a direction (for example, longitudinal
direction of the scan line SL) crossing the pixel power
line PL to have a certain width and thus is connected to
the lower end of the corresponding pixel power line PL.
Also, each of the plurality of driving power link lines PLL
is formed between the center portion of the circular dis-
play portion 120 and the lower side of the circular display
portion 120 so as not to cross the data line DL. In this
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case, according to the present invention, picture quality
deterioration caused by signal interference between the
data signal and the pixel driving power source may be
prevented from being generated.

[0056] Each of the plurality of driving power link lines
PLL may be extended from the driving power supply line
150 along a longitudinal direction of the pixel power line
PL and thus may be connected to the lower end of the
corresponding pixel power line PL. However, since a hor-
izontal width of the pixel P is narrower than its vertical
width, a side area of the pixel P becomes relatively wider
than the lower area of the pixel P. Therefore, in order to
minimize signal interference caused by the narrow inter-
val between the driving power link lines PLL, it is prefer-
able that the plurality of driving power link lines PLL are
extended from the driving power supply line 150 to cor-
respond to the direction crossing the pixel power line PL
and thus connected to the lower end of the pixel power
line PL. However, the pixel power lines PL formed at the
lower end of the display area 121 adjacent to the touch
pad portion 115a, that is, at the center of the display area
121, may be formed along the longitudinal direction of
the pixel power line PL.

[0057] The aforementioned driving power supply line
150 is connected to the lower end of each of the plurality
of pixel power lines PL, whereby the pixel driving power
source is supplied to each pixel power line PL in a direc-
tion opposite to a supply direction of the data signal sup-
plied from the data driving portion 130 to the data line
DL. As aresult, the presentinvention may resolve picture
quality deterioration or luminance non-uniformity, which
is caused by deviation of the data signal based on resist-
ance of the data line DL per position of each pixel P and
deviation of the pixel driving power source based on re-
sistance of the pixel power line PL. For example, in a
middle pixel (hereinafter, referred to as "first middle pix-
el") of the first horizontal line and a middle pixel (herein-
after, referred to as "second middle pixel") of the last
horizontal line, if the supply direction of the data signal
and the supply direction of the pixel driving power source
are the same as each other, voltage drop of each of the
data signal and the pixel driving power source occurs
more frequently in the second middle pixel than the first
middle pixel, whereby luminance deviation between the
first and second middle pixels occurs even in case of the
same data signal. In contrast, if the supply direction of
the data signal and the supply direction of the pixel driving
power source are opposite to each other, voltage drop
of the data signal occurs more frequently in the second
middle pixel than the first middle pixel, and voltage drop
of the pixel driving power source occurs more frequently
in the first middle pixel than the second middle pixel,
whereby deviation of the data signal and deviation of the
pixeldriving power source may mutually be compensated
and as aresult luminance deviation between the first and
second middle pixels may be minimized for the same
data signal.

[0058] The cathode power supply line 160 is formed
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on the substrate 110 between the driving power supply
line 150 and the circular display portion 120 along the
circumference of the circular display portion 120 to have
a constant width and thickness, and its both ends are
connected to a cathode power pad of the driving pad
portion 113a formed in the driving circuit connecting por-
tion 113. The cathode power supply line 160 according
to one embodiment may be formed in parallel with the
driving power supply line 150 while having the same
structure as that of the driving power supply line 150. The
cathode power supply line 160 is electrically connected
with the cathode electrode (CE) layer formed on the cir-
cular arc portion 111 to cover the circular display portion
120. The cathode power supply line 160 supplies a cath-
ode power, which is supplied from the display driving
portion through the cathode power pad, to the cathode
electrode (CE) layer, whereby the cathode power is sup-
plied to the organic light emitting diode OLED of every
pixel P formed in the circular display portion 120 through
the cathode electrode layer.

[0059] As described above, the cathode power supply
line 160 is formed between the driving power supply line
150 and the circular display portion 120, whereby the
bezel width BW of the display device according to the
present invention may be reduced. In more detail, since
the transistor of each pixel P is covered by a passivation
layer 117 made of an organic material for enabling active
water permeation, the passivation layer 117 should be
spaced apart from the outer sidewall 110a of the sub-
strate 110 as much as a certain distance D2 to prevent
the organic light emitting diode OLED from being dam-
aged by water permeated into the passivation layer 117.
Therefore, in the present invention, the cathode power
supply line 160 connected to the cathode electrode layer
CE surrounding the passivation layer 117 is formed be-
tween the driving power supply line 150 and the circular
display portion 120 such that the passivation layer 117
may be spaced apart from the outer sidewall 110a of the
substrate 110 as much as the certain distance D2, where-
by the bezel width BW of the display device, which is
defined by a width between the outer sidewall 110a of
the substrate 110 and the circular display portion 120,
may be reduced.

[0060] Meanwhile, the cathode power supply line 160
may be formed to be more adjacent to the outer sidewall
110a of the substrate 110 than the driving power supply
line 150. However, in this case, the corner portion of the
substrate 110 should be extended toward the outskirts
to space the passivation layer 117 apart from the outer
sidewall 110a of the substrate 110 as much as the certain
distance D2, whereby a problem occurs in that the bezel
width BW of the display device is increased. Therefore,
it is preferable that the cathode power supply line 160 is
formed between the driving power supply line 150 and
the circular display portion 120.

[0061] Additionally, the display device according to
one embodiment of the present invention may further in-
clude an encapsulation layer 118 formed on the substrate
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110to cover the cathode electrode layer CE, and abarrier
substrate 119 formed on the encapsulation layer 118.
[0062] The encapsulation layer 118 may be formed in
a multi-layered structure that an organic material layer
or an inorganic material layer, the organic material layer
and the inorganic material layer are deposited alternate-
ly.

[0063] The barrier substrate 119 may be made of a
material having low water permeability, for example, pol-
ymer material, and may be attached onto the encapsu-
lation layer 118 by a transparent adhesive. A touch panel
is attached onto the barrier substrate 119, and a polar-
izing film may additionally be attached onto the touch
panel.

[0064] As described above, according to the present
invention, as the adjacent pixel power lines PL are con-
nected to each other through the plurality of bridge lines
BL, luminance deviation per area of the circular display
portion may be minimized due to equipotential of the pixel
power lines PL, whereby picture quality deterioration
caused by length deviation of the pixel power lines PL
may be resolved. Also, according to the present inven-
tion, the circular arc portion 111 of the substrate 110 and
the circular display portion 120 are formed in a shape of
a concentric circle, whereby the display device may have
a thin bezel width BW while having the circular display
portion 120. Furthermore, according to the present in-
vention, the driving power supply line 150 is formed along
the circumference of the circular display portion 120 and
also the cathode power line 160 is formed between the
driving power supply line 150 and the circular display
portion 120, whereby picture quality deterioration caused
by voltage drop deviation per position of the driving power
supply line 150 may be resolved, reliability deterioration
of the pixel P, which is caused by water permeation, may
be avoided, and a thinner bezel width BW may be ob-
tained together with the circular display portion 120.
[0065] FIG.5isanenlargedview of a portion"A" shown
in FIG. 1, and illustrates a modified example of the bridge
lines in the display device according to the present in-
vention.

[0066] As shown in FIG. 5, each of the plurality of
bridge lines BL according to the modified example is
formed in the dummy pixel area 123, so as to connect
the adjacent pixel power lines PL to each other, whereby
all the plurality of pixel power lines PL have equipotential
electrically. In more detail, the outer circumference por-
tion of the display area 121 is formed in a shape of a stair
in accordance with the curvature of the circular display
portion 120, and two or more pixel power lines PL are
formed in parallel at the outer circumference portion of
the display area 121 having the stair shape. As a result,
the plurality of pixel power lines PL may be categorized
into a plurality of power line groups having two or more
adjacent pixel power lines PL in accordance with the stair
shape of the display area 121.

[0067] Each ofthe plurality of bridge lines BL according
to the modified example is formed in the plurality of power
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line groups one to one, thereby electrically connecting
all the pixel power lines PL included in each power line
group with each other and electrically connecting the re-
spective pixel power lines PL of the adjacent power line
groups with each other. Therefore, each of the plurality
of bridge lines BL according to the modified example is
formed in each dummy pixel area 123 adjacent to the
display area 121 along the circumference of the display
area 121 to allow all the pixel power lines PL to have
equipotential electrically.

[0068] As described above, each of the plurality of
bridge lines BL allows all the pixel power lines PL to have
equipotential electrically, whereby picture quality deteri-
oration caused by length deviation of the pixel power lines
PL may be resolved.

[0069] FIG. 6is a view illustrating a modified example
of a display device according to the present invention,
which is shown in FIGS. 1 to 5. In FIG. 6, a selective
portion is additionally provided. Therefore, in FIG. 6, a
repeated description of elements corresponding to the
same reference numerals as those of FIG. 1 will be omit-
ted, and the selective portion and its related elements
will only be described hereinafter.

[0070] As shown in FIG. 6, the selective portion 170
includes a plurality of selective circuits 172 formed along
the circumference of the circular display portion 120 and
connected to two or more data lines DL.

[0071] Each of the plurality of selective circuits 172 is
connected to a plurality of data groups, each of which
includes i (i is a natural number more than 2) number of
data lines one to one, thereby driving the i number of
data lines, which are included in each data group, based
on time division. Each of the plurality of selective circuits
172 according to one example may be a multiplexing
circuit, for example, multiplexer, which has one input ter-
minal and i number of output terminals. A data signal is
supplied from the driving circuit portion 130 to each input
terminal of the plurality of selective circuits 172. The out-
put terminals of each of the plurality of selective circuits
172 are connected to the i number of data lines, which
areincluded in the corresponding data group, one to one.
Each of the plurality of selective circuits 172 supplies the
data signal, which is supplied to the input terminal, to the
i number of data lines included in the corresponding data
group, in due order in response to a time-division selec-
tive signal.

[0072] For example, if one unit pixel includes red,
green and blue pixels, each data group may include 3j (j
is a natural number) number of data lines to facilitate
driving of the unit pixel. In this case, each of the plurality
of selective circuits 172 may have 3j number of output
channels. It is preferable that the number of data lines
included in each data group and the number of output
terminals of the selective circuit 172 correspond to the
number of pixels constituting one unit pixel or an integer
multiple of the number of pixels constituting one unit pixel,
without being limited to the 3j number of output terminals.
[0073] According to the display device of the present
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invention, which includes the selective portion 17 as
above, as the number of data link lines for connecting
the data line DL with the driving circuit portion 130 and
its formation area are reduced due to the selective portion
170, the size of the driving circuit connecting portion 113
may be reduced or the driving power supply line 150 and
the power supply line 160 may be formed in a shape of
a concentric circle. As a result, the bezel width BW of the
display device according to the present invention may be
more reduced.

[0074] Meanwhile, as described above, in the display
device according to one embodiment of the present in-
vention, each pixel may be modified to that disclosed in
the Korean Laid-Open Patent Nos. 10-2009-0046983,
10-2010-0047505, 10-2011-0057534,
10-2012-0045252, 10-2012-0076215,
10-2013-0066449, 10-2013-0066450,
10-2013-0074147, and the Korean Registered Patent
No. 10-0846970 or 10-1073226. In this case, each pixel
is connected to the driving power supply line and a ref-
erence line. At this time, the driving power supply line is
formed in the same structure as that of the aforemen-
tioned driving power supply line. The reference line is
formed between the cathode power supply line 160 and
the circular display portion 120 to have the same structure
as that of the aforementioned driving power supply line,
whereby the reference line may supply a reference volt-
age, which is supplied from the display driving portion,
to each pixel.

[0075] Ontheotherhand, in the display device accord-
ing to one embodiment of the present invention, each
pixel may be modified to that disclosed in the Korean
Registered Patent No. 10-0846591 and the Korean Laid-
Open Patent Nos. 10-2012-0042084, 10-2012-0069481,
and 10-2012-0075828. In this case, each pixel is con-
nected to the driving power supply line and a compen-
sation power line. At this time, the driving power supply
line is formed in the same structure as that of the afore-
mentioned driving power supply line. The compensation
power line is formed between the cathode power supply
line 160 and the circular display portion 120 to have the
same structure as that of the aforementioned driving
power supply line, whereby the compensation power line
may supply a compensation voltage, which is supplied
from the display driving portion, to each pixel.

[0076] As a result, the structure of the driving power
supply line and the equipotential structure of the pixel
driving power sources based on the bridge lines accord-
ing to the present invention may equally be applied to all
the pixel structures of the organic light emitting display
device.

[0077] Asdescribed above, the display device accord-
ing to the presentinvention has the following advantages.
[0078] First, as luminance deviation per area of the cir-
cular display portion is minimized, picture quality deteri-
oration caused by length deviation of the pixel power lines
may be resolved. In addition, the display device accord-
ing to the present invention may have a thin bezel width
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while having the circular display portion.

[0079] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or
scope of the inventions. Thus, it is intended that the
presentinvention covers the modifications and variations
of this invention provided they come within the scope of
the appended claims and their equivalents.

Claims

1. An organic light emitting diode "OLED" display de-
vice comprising:

a substrate comprising a circular arc portion and
a driving circuit connecting portion connected to
the circular arc portion, wherein the circular arc
portion is substantially circular around a center
point;

a display area within the circular arc portion, the
display area comprising a circular shape cen-
tered around the center point;

a driving power supply line formed in the circular
arc portion and configured to provide a driving
voltage for OLED pixels of the OLED display de-
vice, the driving power supply line formed to at
least partially surround the display area;

a plurality of power lines electrically connecting
the driving power supply line to the OLED pixels;
and

a plurality of bridge lines formed outside of the
display area, each bridge line connecting one of
the power lines with at least one adjacent power
line.

2. The OLED display device of claim 1, further com-
prising:

a plurality of dummy pixels formed in a dummy
pixel area surrounding the display area, wherein
each bridge line is disposed between at least
one of the dummy pixels and at least one of the
OLED pixels.

3. The OLED display device of any preceding claim,
wherein each power line is connected to two adja-
cent columns of pixels, and each pixel is connected
to one of the power lines.

4. The OLED display device of any preceding claim,
further comprising:

a plurality of data lines, wherein a first data line
is shared by the first column of pixels and a sec-
ond data line is shared by the second column of
pixels;

wherein the first data line is located on an op-
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posite side of the first column of pixels to the
shared power line; and
wherein the second data line is located on an
opposite side of the second column of pixels to
the shared power line.

The OLED display device of any preceding claim,
wherein a proximal portion of the power lines are
formed to extend away from the driving power supply
line along a direction parallel to a plurality of scan
lines.

The OLED display device of claim 5,

wherein each power line comprises a 90 degree an-
gle, directing a remaining portion of the power line
along an axis parallel with and between two columns
of pixels.

The OLED display device of any preceding claim,
wherein the power lines do notintersect or cross any
of the data lines.

The OLED display device of any preceding claim,
wherein each of the power lines is connected to one
of the bridge lines.

The OLED display device of any preceding claim,
wherein atleast one bridge line is connected to more
than two of the power lines.

The OLED display device of any preceding claim,
wherein the bridge lines are oriented along an axis
running perpendicular to columns of the pixels.

The OLED display device of any preceding claim,
wherein the driving power supply line includes a sec-
tion formed on the circular arc portion opposite the
driving circuit connecting portion; and

wherein the power lines extend from the section of
the driving power supply line.

The OLED display device of claim 11, wherein the
section of the driving power supply line is within a
lower half circle of the circular arc portion.

The OLED display device of any preceding claim,
wherein each pixel comprises:

an OLED comprising an anode and a cathode;
a driving transistor comprising a gate, a source,
and a drain, wherein the drain is connected to
one of the power lines to receive the driving volt-
age, and the source is connected to the anode
of the OLED.

The OLED display device of any preceding claim,
comprising a cathode power supply line formed in
the circular arc portion between the driving power
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supply line and the display area, a cathode of each
pixel being electrically connected to the cathode
power supply line,

optionally,

wherein the cathode power supply line comprises a
circular shape centered around the center point.

The OLED display device of any preceding claim,
wherein each end of the driving power supply line is
connected to an associated driving power pad
formed in the driving circuit connecting portion,
optionally,

wherein the circular portion of the driving power sup-
ply line is connected at each end to a corresponding
shoulder portion of the driving power supply line that
extends into the driving circuit connecting portion.
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