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ORGANIC LIGHT EMITTING DIODE
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2007-0036456 filed in the
Korean Intellectual Property Office on Apr. 13, 2007, the
entirety of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] This disclosure relates generally to an organic light
emitting diode (OLED) display, and more particularly, to an
OLED display with improved luminance uniformity.

[0004] 2. Description of Related Art

[0005] An organic light emitting diode (OLED) display is a
self-emissive display in which light of desired wavelength is
emitted by excitons formed by recombination of electrons
and holes. Because an OLED display does not require a
separate light source, for example, a backlight, some exhibit
advantages including reduced power consumption, wide
viewing angles, and fast response. Accordingly, OLED dis-
plays have been proposed as next generation displays. OLED
displays are classified as passive matrix displays and active
matrix displays. Recently, active matrix displays with low
power consumption, small dot pitch, fast response, wide
viewing angles, and slim form factors have been widely used.
[0006] An active matrix OLED display comprises a sub-
strate on which a pixel area is formed. A non-pixel area
surrounding the pixel area comprises data, scan, and light
emission signal drivers, which drive each of the pixels. The
non-pixel area further comprises a power line (ELVDD),
which supplies a common voltage to the pixels, and a cathode
power line (ELVSS), which supplies cathode voltages to the
OLED elements. In displays for small mobile devices, the
power line (ELVDD) is generally formed along one edge of
the pixel or display area which reduces dead space in the
display. The power line (ELVDD) typically has a uniform line
width from one end of the edge to the middle of the edge.
However, the power line is much narrower from the middle to
the other end of the edge. The cathode power line (ELVSS) is
formed adjacent to the narrow portion of the power line
(ELVDD).

[0007] The change in width of the power line (ELVDD)
causes a voltage drop (IR drop) in the narrower portion, which
in turn causes a luminance deviation between the two portions
of the display area corresponding to the wider and narrower
portions of the power line. Degradation of OLED elements
exposed to the higher voltages disposed proximal to a power
input terminal of the power line, which are and exhibit the
highest luminances.

SUMMARY OF THE INVENTION

[0008] Embodiments of an OLED display disclosed herein
exhibit any combination of improved luminance uniformity
and/or reduced degradation of OLED elements thereof, using
novel power line (ELVDD) and a cathode power line
(ELVSS) structures.

[0009] Inanexemplary embodiment, an organic light emit-
ting diode display includes a substrate having a pixel area and
a non-pixel area, a plurality of pixels that are formed in the
pixel area, each pixel including a thin film transistor and an
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organic light emitting element, a power line (ELVDD) that is
formed with a uniform width in the non-pixel area to supply
a common power voltage to the pixels, a cathode electrode
formed on the substrate, and a cathode power line (ELVSS)
that is formed in the non-pixel area at an identical layer to the
power line and is coupled to the cathode electrode to supply a
cathode voltage to the pixels.

[0010] The cathode power line may be divided into two
sections between which the power input terminal of the power
line is disposed. The cathode power line that is divided into
the two sections may be electrically insulated from the power
line. The two sections of the cathode power line may be
electrically interconnected by a conductive layer formed on a
different layer from the power line.

[0011] Theorganic lightemitting diode display may further
include a passivation layer that is formed between the cathode
power line and the power line to insulate the cathode power
line from the power line, and an over-coating layer formed on
the passivation layer.

[0012] The conductive layer may be formed of the same
material as an electrode of the organic light emitting diode
element. The electrode may be an anode electrode.

[0013] The cathode power line may be disposed in parallel
with the power line but insulated from the power line. A width
of'the cathode power line may be identical to that of the power
line. A length of the cathode power line may be substantially
the same as a length of the power line. A length of a region
where the cathode power line is connected to the power line
may be substantially same as a length of the cathode power
line.

[0014] Some embodiments provide an organic light emit-
ting diode display comprising: a substrate comprising a pixel
area and a non-pixel area; a plurality of pixels formed in the
pixel area, each pixel comprising a thin film transistor and an
organic light emitting diode element; a power line formed
with a substantially uniform width in the non-pixel area con-
figured to supply a common power voltage to the plurality of
pixels; a cathode electrode formed on the substrate; a cathode
power line formed in the non-pixel area on a same layer as the
power line, coupled to the cathode electrode, and configured
to supply a cathode voltage to the pixels; and at least one
power input terminal coupled to each of the power line and the
cathode power line.

[0015] Insomeembodiments, the cathode power line com-
prises two sections between which are disposed a power input
terminal of the power line. In some embodiments, the two
sections of the cathode power line are electrically insulated
from the power line. In some embodiments, a conductive
layer formed on a different layer from the power line electri-
cally interconnects the two sections of the cathode power line.
Some embodiments further comprise a passivation layer
formed between the cathode power line and the power line,
wherein the passivation layer insulates the cathode power line
from the power line; and an over-coating layer formed on the
passivation layer. In some embodiments, the conductive layer
and an electrode of the organic light emitting diode element
comprise the same material. In some embodiments, The
organic light emitting diode display of claim 6, wherein the
electrode is an anode.

[0016] Insomeembodiments, atleast a portion of the cath-
ode power line is disposed in parallel with the power line and
electrically insulated from the power line. In some embodi-
ments, a width of the cathode power line is substantially
identical with a width of the power line. In some embodi-



US 2008/0252203 Al

ments, a length of the cathode power line is substantially the
same as a length of the power line. In some embodiments, the
cathode power line is coupled to the cathode electrode over
substantially the full length of the cathode power line.
[0017] Other embodiments provide a method for manufac-
turing an organic light emitting diode display, the method
comprising: forming a plurality of pixels in a pixel area of a
substrate, wherein each pixel comprises a this film transistor
and an organic light emitting diode element; forming a power
line with a substantially uniform width on a non-pixel area of
the substrate, wherein the power line is coupled to the plural-
ity of pixels; forming a cathode power line on the non-pixel
area of the substrate; wherein the power line and cathode
power line are formed on a common layer; forming at least
one power input terminal coupled to each of power line and
cathode power line; and forming a cathode electrode on the
substrate, wherein the cathode terminal is coupled to the
cathode power line and the plurality of pixels.

[0018] In some embodiments, forming the cathode power
line comprises forming a cathode power line comprising a
first section and a second section, and forming at least one
power input terminal comprises forming a power input ter-
minal disposed between the first and second sections of the
cathode power line. Some embodiment further comprise
forming a conductive layer on a different layer from the
power line, wherein the conductive layer electrically inter-
connects the first and second sections of the cathode power
line. In some embodiments, forming a conductive layer also
comprises forming an electrode of the organic light emitting
diode element.

[0019] Someembodiments further comprise forming a pas-
sivation layer between the cathode power line and the power
line, wherein the passivation layer insulates the cathode
power line from the power line; and forming an over-coating
layer on the passivation layer.

[0020] In some embodiments, forming the cathode power
line comprises forming at least a portion of the cathode power
line in parallel with the power line and electrically insulated
from the power line.

[0021] In some embodiments, forming the cathode power
line comprises forming a cathode power line with a width that
is substantially identical with a width of the power line.
[0022] In some embodiments, forming the cathode power
line comprises forming a cathode power line with a length
that is substantially the same as a length of the power line.
[0023] In some embodiments, the wherein the cathode ter-
minal is coupled to the cathode power line over substantially
the full length of the cathode power line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a schematic view of an embodiment of an
OLED display.
[0025] FIG. 2 is a cross-sectional view taken along section

II-0T' of FIG. 1.
[0026] FIG. 3 is a cross-sectional view taken along section
IV-IV' of FIG. 1.

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS

[0027] Preferred embodiments are described more fully
hereinafter with reference to the accompanying drawings. As
those skilled in the art will realize, the described embodi-
ments may be modified in various ways without departing
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from the spirit or scope of the present disclosure. Elements
that are not related to the features of interest are not described.
Like reference numerals denote like elements throughout the
drawings, which are not to scale. Accordingly, in some cases,
the thicknesses of layers, films, panels, regions, etc., are exag-
gerated for clarity. It will be understood that an element such
as a layer, film, region, or substrate referred to as “on” another
element can be directly on the other element or on one or more
intervening elements. In contrast, no intervening elements are
present when an element is referred to as being “directly on”
another element. An element referred to as “coupled” to
another element includes embodiments in which the element
is “directly coupled” to another element, as well as embodi-
ments in which the element is “electrically connected” to
another element with one or more additional elements inter-
posed therebetween. Furthermore, when a unit described as
“including” a constituent element may further include other
constituent elements in addition to the element, unless spe-
cifically referred to the contrary.

[0028] FIG. 1is a schematic view of an embodiment of an
OLED display 1000 comprising a display region 100 formed
on a substrate 10, a scan driver 200, a data driver 300, a light
emission control driver 400, a power line (ELVDD) 500, and
a cathode power line (ELVSS) 600. A plurality of red, green,
and blue pixels P comprising OLED elements are formed on
the display region 100 in the illustrated embodiment. The red,
green, and blue pixels P have identical circuit structures in the
illustrated embodiment. The red, green, and blue pixels P
emit red, green, and blue light, respectively, corresponding to
currents applied to the OLED elements. Red, green, and blue
pixels P are the basic units for displaying an image because
any desired color may be produced by combining the light
emitted by the pixels P.

[0029] The scan driver 200, the data driver 300, and/or the
light emission control driver 400 are electrically coupled to
the display region 100 by a plurality of wires or lines. The
scan driver 200, the data driver 300, and/or the light emission
control driver 400 may be provided in the form of chips or
integrated device which can be mounted on tape carrier pack-
ages (TCP) that are adhered and electrically coupled to wires
or lines disposed thereon.

[0030] Thepixels Preceive data signals from the data driver
300 through a data line D,,. A scan line S, provides selection
signals to the pixel circuits from the scan driver 200. The scan
driver 200 generates a sequence of selection signals, which
are carried by a plurality of scan lines S|, S,, ... S, ;,and S,,.
The data driver 300 generates a data voltages corresponding
to image signals, which are carried by a plurality of data lines
D, D,,...D,,and D,,. Light emission control driver 400
sequentially applies light emission control signals, which
control the light emission of the OLED elements of the
respective pixels P. Light emission control signals are carried
by light emission control lines E,, E,, .. . E,_|,and E,,.
[0031] Each pixel P comprises a driving circuit comprising
an OLED element, a data line D,,, scan lines S, , and S, and
alight emission control line E, . The driving circuit is coupled
to the power line (ELVDD) 500 and an initializing line V, ..,
which generate a driving current sufficient to cause the OLED
element to emit light.

[0032] As shown in FIG. 3, the OLED element comprises
an anode electrode 51, an organic light emitting layer 52, and
a cathode electrode 650. As illustrated in FIG. 1, the anode
electrode 51 is coupled to the remainder of the driving circuit.
The cathode electrode 650 is coupled to the cathode power
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line (ELVSS) 600, which is in turn coupled to a cathode power
source, which may be a ground voltage or a negative voltage
that is lower than a common power source voltage.

[0033] Inthe embodiment, illustrated in FIG. 1, the driving
circuit of the pixel P comprises six transistors M1, M2, M3,
M4, M5, and M6, and two capacitors C1 and C2. Those
skilled in the art will understand that other embodiments use
different driving circuits. For example, in some embodiments
the driving circuit of the pixel P comprises at least two tran-
sistors and at least one capacitor.

[0034] The power line (ELVDD) 500 supplies a common
power source voltage to the pixels P. In the illustrated embodi-
ment, the power line (ELVDD) 500 is formed along one side
or edge of the display region 100 of the substrate 10. With
referenceto FIG. 1, the power line (ELVDD) 500 is formed on
the edge of the substrate 10 below the display region 100.
Because the power line (ELVDD) 500 is not formed around a
circumference of the display region 100, but only below the
display region 100, dead space is reduced, thereby reducing
the size of the display 1000. In the illustrated embodiment the
power line (ELVDD) 500 comprises one power input terminal
500a, which is electrically coupled, for example, to a flexible
printed circuit. Other embodiments comprise a plurality of
power input terminals. Here, the power line (ELVDD) 500 is
configured to have a generally uniform width, and thus, a
generally uniform resistance throughout its entire length. In
some embodiments, the uniformity of the width of the power
line (ELVDD) 500 is at least about 70%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%, at
least about 95%, at least about 97%, at least about 99%,
and/or at least about 99.5%. Therefore, although the illus-
trated embodiment comprises a single power input terminal
500a, the uniform width of the power line (ELVDD) 500
reduces voltage drop (IR drop) along its length, thereby
reducing deviations in luminance in the pixels P. Further-
more, the uniformity in voltage reduces degradation of OLED
elements of pixels P disposed near the power input terminal
500a.

[0035] The cathode power line (ELVSS) 600 is formed on
the substrate 10 parallel to the power line (ELVDD) 500, and
insulated from the power line (ELVDD) 500. The cathode
power line (ELVSS) 600 is coupled to a cathode electrode 650
(FIG. 3) formed on the display region 100 and the power line
(ELVDD) 500. In the illustrated embodiment, the cathode
power line (ELVSS) 600 is coupled to the cathode electrode
650 substantially along its entire length.

[0036] In some embodiments the cathode power line
(ELVSS) 600 is formed on the same layer as the power line
(ELVDD) 500, and is disposed close to the power line
(ELVDD) 500. In the illustrated embodiment, the cathode
power line (ELVSS) 600 is divided into two sections between
which the power input terminal 500a coupled to the power
line (ELVDD) 500 is interposed. Those skilled in the art will
understand that other arrangements are used in other embodi-
ments.

[0037] As illustrated in FIG. 2, the two sections of the
cathode power line (ELVSS) 600 are insulated from the
power line (ELVDD) 500 by a passivation layer 40. The two
sections of the cathode power line (ELVSS) 600 are electri-
cally interconnected by a conductive layer 700 formed on the
cathode power line (ELVSS) 600 and the power line
(ELVDD) 500, both of which are formed on the substrate 10.
The conductive layer 700 is described in greater detail below.
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[0038] Returning to FIG. 1, the cathode power line
(ELVSS) 600 is coupled to one power input terminal 600qa in
the illustrated embodiment. The length and width of the cath-
ode power line (ELVSS) 600 are substantially identical to
those of the power line (ELVDD) 500. In some embodiments,
the uniformity of the width of the cathode power line
(ELVSS) 600 is at least about 70%, at least about 75%, at least
about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 97%, at least about 99%, and/or at
least about 99.5%.

[0039] FIG. 2 is a cross-sectional view of the display 1000
taken along section III-I1I' of FIG. 1. The OLED display 1000
comprises the substrate 10, a buffer layer 20, a plurality of
data lines 310, a gate insulating layer 30, the power input
terminal 500a, the cathode power line (ELVSS) 600, a passi-
vation layer 40, an over-coating layer 50, and the conductive
layer 700.

[0040] The substrate 10 may be formed from any suitable
material, for example, an insulating material such as glass or
plastic, or a metallic material such as stainless steel (SUS).
The buffer layer 20 prevents impurities in the substrate 10
from diffusing into an active layer 21 (FIG. 3) formed on the
display region 100. In some embodiments, the buffer layer 20
comprises silicon nitride (SiN) and/or a multilayer structure
comprising a silicon nitride (SiN) layer and a silicon oxide
(Si0,) layer.

[0041] The plurality of data lines 310 are formed on the
buffer layer 20. The data lines 310 are coupled to the data
driver 300, and provide a data voltage V ,,,, to each of the
pixels.

[0042] In the illustrated embodiment, the gate insulating
layer 30 is formed on the data lines 310 and the buffer layer
20. The cathode power line (ELVSS) 600 and the power line
(ELVDD) 500 are formed on the gate insulating layer 30. As
described above, in the illustrated embodiment, the cathode
power line (ELVSS) 600 is divided into the two sections
between which the power input terminal 500a of the power
line (ELVDD) 500 is disposed. The two sections of the cath-
ode power line (ELVSS) 600 formed on the same layer. The
cathode power line (ELVSS) 600 is insulated from the power
line (ELVDD) 500 by the passivation layer 40. The over-
coating layer 50, which planarizes the surface of the passiva-
tion layer 40, is formed on the passivation layer 40. The
conductive layer 700 is formed on the over-coating layer 50.
The protecting layer 72 is formed on the conductive layer 700
to cover the conductive layer 700. The protecting layer 72
may be formed of same materials are used in a pixel-dividing
layer 70 that will be described detailed below.

[0043] The conductive layer 700 electrically couples the
two sections of the cathode power line (ELVSS) 600, thereby
providing the relatively smaller of the two sections of the
cathode power line (ELVSS) 600 with a substantially uniform
cathode voltage. Because, the voltage drop along the cathode
power line 600 is reduced, the luminance uniformity of the
pixels is improved. In the illustrated embodiment, the con-
ductive layer 700 is formed together with the anode electrode
51 (FIG. 3) of the OLED element, thereby improving the
process flow in the manufacture of the display 1000. Accord-
ingly, in the illustrated embodiment, the conductive layer 700
comprises the same material as the anode electrode 51. For
example, the conductive layer 700 may be formed of indium
tin oxide (ITO) or indium zinc oxide (IZO) in some embodi-
ments, although those skilled in the art will understand that
other suitable material are used in other embodiments.
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[0044] FIG. 3 is a cross-sectional view taken along section
IV-IV'in FIG. 1. FIG. 3 illustrates the buffer layer 20 formed
on the substrate 10 and a thin film transistor (TFT) T formed
on the buffer layer 20. The TFT T comprises an active layer
21, a source electrode 22, a drain electrode 23, and a gate
electrode 31 that are formed on the buffer layer 20. The active
layer 21 comprises a source region 211, a drain region 212,
and a channel region 213 interconnecting the source and drain
regions 211 and 212.

[0045] The gate insulating layer 30 is formed on the buffer
layer 20 and covers the active layer 21. The gate electrode 31
is formed on the active layer 21 with the gate insulating layer
30 interposed therebetween.

[0046] An interlayer insulating layer 41 is formed on the
gate insulating layer 30, covering the gate electrode 31. First
contact holes 301 and 302 and second contact holes 411 and
412 are formed through the gate insulating layer 30 and the
interlayer insulating layer 41, respectively, thereby exposing
the source and drain regions 211 and 212. The source and
drain electrodes 22 and 23 are electrically coupled to the
exposed portions of the source and drain regions 211 and 212,
respectively.

[0047] The over-coating layer 50 is formed on the inter-
layer insulating layer 41, thereby covering the TFT T. The
anode electrode 51, the organic light emitting layer 52, and
the cathode electrode 650 are formed, in that order, on the
over-coating layer 50, and together form an OLED element L.
The anode electrode 51 is electrically coupled to the drain
electrode 23 ofthe TFT T through a viahole 501 formed in the
over-coating layer 50. A pixel-dividing layer electronically
isolates the anode electrode 51 from the anode electrode (not
shown) of an adjacent pixel. The anode electrode 51 contacts
the organic light emitting layer 52 through an opening 701
formed in the pixel-dividing layer 70. The cathode electrode
650 is, as shown in FIG. 1, formed on an entire surface of the
substrate 10 to provide a common cathode voltage to the
plurality of pixels P. In other embodiments, the cathode elec-
trode 650 is formed on at least the display area 100. The anode
electrode 51 injects holes and the cathode electrode 650
injects electrons into the organic light emitting layer 52.
[0048] Accordingly, because the widths of the power line
(ELVDD) 500 and cathode power line (ELVSS) 600 are sub-
stantially the same, a voltage drop caused by line resistance is
reduced, resulting in improved voltage uniformity in the
power line (ELVDD) 500 and cathode power line (ELVSS)
600. In turn, the improved voltage uniformity results in
improved luminance uniformity in the pixels P, as well as
reduced degradation and improved lifetime of the OLED
elements and of the display.

[0049] While exemplary embodiments are disclosed
herein, the scope of this disclosure is not limited to the dis-
closed embodiments, but, is intended to cover various modi-
fications and equivalent arrangements understood by those
skilled in the art within the spirit and scope there.

What is claimed is:

1. An organic light emitting diode display comprising:

a substrate comprising a pixel area and a non-pixel area;

a plurality of pixels formed in the pixel area, each pixel
comprising a thin film transistor and an organic light
emitting diode element;

a power line formed with a substantially uniform width in
the non-pixel area configured to supply a common
power voltage to the plurality of pixels;

a cathode electrode formed on the substrate;
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a cathode power line formed in the non-pixel area on a
same layer as the power line, coupled to the cathode
electrode, and configured to supply a cathode voltage to
the pixels; and

at least one power input terminal coupled to each of the
power line and the cathode power line.

2. The organic light emitting diode display of claim 1,
wherein the cathode power line comprises two sections
between which are disposed a power input terminal of the
power line.

3. The organic light emitting diode display of claim 2,
wherein the two sections of the cathode power line are elec-
trically insulated from the power line.

4. The organic light emitting diode display of claim 2,
wherein a conductive layer formed on a different layer from
the power line electrically interconnects the two sections of
the cathode power line.

5. The organic light emitting diode display of claim 4,
further comprising:

a passivation layer formed between the cathode power line
and the power line, wherein the passivation layer insu-
lates the cathode power line from the power line; and

an over-coating layer formed on the passivation layer.

6. The organic light emitting diode display of claim 4,
wherein the conductive layer and an electrode of the organic
light emitting diode element comprise the same material.

7. The organic light emitting diode display of claim 6,
wherein the electrode is an anode.

8. The organic light emitting diode display of claim 1,
wherein at least a portion of the cathode power line is dis-
posed in parallel with the power line and electrically insulated
from the power line.

9. The organic light emitting diode display of claim 8,
wherein a width of the cathode power line is substantially
identical with a width of the power line.

10. The organic light emitting diode display of claim 9,
wherein a length of the cathode power line is substantially the
same as a length of the power line.

11. The organic light emitting diode display of claim 9,
wherein the cathode power line is coupled to the cathode
electrode over substantially the full length of the cathode
power line.

12. A method for manufacturing an organic light emitting
diode display, the method comprising:

forming a plurality of pixels in a pixel area of a substrate,
wherein each pixel comprises a this film transistor and
an organic light emitting diode element;

forming a power line with a substantially uniform width on
anon-pixel area of the substrate, wherein the power line
is coupled to the plurality of pixels;

forming a cathode power line on the non-pixel area of the
substrate; wherein the power line and cathode power line
are formed on a common layer;

forming at least one power input terminal coupled to each
of power line and cathode power line; and

forming a cathode electrode on the substrate, wherein the
cathode terminal is coupled to the cathode power line
and the plurality of pixels.

13. The method of claim 12, wherein:

forming the cathode power line comprises forming a cath-
ode power line comprising a first section and a second
section, and
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forming at least one power input terminal comprises form-
ing a power input terminal disposed between the first and
second sections of the cathode power line.

14. The method of claim 13, further comprising forming a
conductive layer on a different layer from the power line,
wherein the conductive layer electrically interconnects the
first and second sections of the cathode power line.

15. The method of claim 14, wherein forming a conductive
layer also comprises forming an electrode of the organic light
emitting diode element.

16. The method of claim 12, further comprising:

forming a passivation layer between the cathode power line

and the power line, wherein the passivation layer insu-
lates the cathode power line from the power line; and
forming an over-coating layer on the passivation layer.
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17. The method of claim 12, wherein forming the cathode
power line comprises forming at least a portion of the cathode
power line in parallel with the power line and electrically
insulated from the power line.

18. The method of claim 12, wherein forming the cathode
power line comprises forming a cathode power line with a
width that is substantially identical with a width of the power
line.

19. The method of claim 12, wherein forming the cathode
power line comprises forming a cathode power line with a
length that is substantially the same as a length of the power
line.

20. The method of claim 12, wherein the wherein the
cathode terminal is coupled to the cathode power line over
substantially the full length of the cathode power line.

Ed sk sk Ed Ed
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