US 20160197126A1

12) Patent Application Publication (o) Pub. No.: US 2016/0197126 Al

a9y United States

YOO et al. 43) Pub. Date: Jul, 7, 2016
(54) ORGANIC LIGHT EVITTING DIODE HOIL 51/56 (2006.01)
DISPLAY AND MANUFACTURING METHOD HOIL 51/00 (2006.01)
THEREOF (52) US.CL

(71)  Applicant: SAMSUNG DISPLAY CO., LTD.,
Yongin-si (KR)

(72) Inventors: HEE JUN YOO, Yongin-si (KR); Jeong
Woo MOON, Suwon-si (KR); Joo Sun
YOON, Seoul (KR)

(21) Appl. No.: 14/858,126
(22) Filed: Sep. 18, 2015
(30) Foreign Application Priority Data

Jan.5,2015  (KR) oo 10-2015-0000694
Mar. 27,2015 (KR) v, 10-2015-0043490

Publication Classification

(51) Int.CL
HOIL 27/32
HOIL 51/52

(2006.01)
(2006.01)

15
) 16
\

N

CPC ... HO1L 27/3246 (2013.01); HOIL 51/0096
(2013.01); HOIL 27/3248 (2013.01); HOIL

51/5221 (2013.01); HOIL 51/5206 (2013.01);

HO1L 51/56 (2013.01); HOIL 27/3276

(2013.01); HOIL 2251/308 (2013.01); HOIL

51/0037 (2013.01); HOIL 2251/301 (2013.01);
HOIL 2251/558 (2013.01); HOIL 2227/323
(2013.01)

(57) ABSTRACT

Disclosed is an organic light emitting diode (OLED) display
including an organic light emitting diode (OLED) display
including an insulation substrate and a first electrode dis-
posed on the insulation substrate. A pixel defining layer sur-
rounds the first electrode. The pixel defining layer forms a
pixel area on the first electrode. An organic emission layer is
disposed on the first electrode in the pixel area. An electrode
connecting portion is disposed on the pixel defining layer. A
second electrode is disposed on the organic emission layer.
The second electrode is connected to the electrode connecting
portion.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND MANUFACTURING METHOD
THEREOF

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Patent Application No. 10-2015-0000694
filed on Jan. 5, 2015 and Korean Patent Application No.
10-2015-0043490 filed on Mar. 27, 2015, the disclosure of
both is incorporated by reference herein in its entirety.
[0002] (a) Technical Field

[0003] Exemplary embodiments of the present invention
relate to an organic light emitting diode (OLED) display, and
more particularly to a manufacturing method of the OLED
display.

[0004] (b) Discussion of Related Art

[0005] Among flat panel displays, an organic light emitting
diode (OLED) display may have relatively high color repro-
ducibility and a relatively wide viewing angle. The OLED
display may be a self-emissive type display.

[0006] A transparent display, which may be used as a trans-
parent glass window but may perform image display, has been
developed.

SUMMARY

[0007] In a transparent organic light emitting diode
(OLED) display, a transparent window for transmitting light
may be disposed separately from a display area. However, an
organic light-emitting display area may be decreased due to
the transparent window, and a material which is desirable for
use as a cathode or an anode metal might not be used since
light transmittance may be a consideration in forming the
OLED display.

[0008] Exemplary embodiments of the present invention
provide an OLED display with a relatively large organic
light-emitting display area in which a desirable anode or
cathode metal can be used, and a manufacturing method for
the OLED display.

[0009] An exemplary embodiment of the present invention
provides an organic light emitting diode (OLED) display
including an insulation substrate and a first electrode dis-
posed on the insulation substrate. A pixel defining layer sur-
rounds the first electrode. The pixel defining layer forms a
pixel area on the first electrode. An organic emission layer is
disposed on the first electrode in the pixel area. An electrode
connecting portion is disposed on the pixel defining layer. A
second electrode is disposed on the organic emission layer.
The second electrode is connected to the electrode connecting
portion.

[0010] The first electrode may be an anode, and the second
electrode may be a cathode.

[0011] The first electrode may include at least one of
indium tin oxide (ITO), atriplelayer of ITO/Ag/ITO, PEDOT
(poly(3,4-cthylenedioxythiophene)), and a conductive
organic material, and the second electrode may include at
least one of MgAg, AgYb, Mg, Al, and Ag nanowires.
[0012] The electrode connecting portion may include at
least one of a dual layer of Ca/Al, LiAl, MgAg, LiF/Al,
CsF/Al, or BaF2/Al, a triple layer of LiF/Ca/Al, and Cs, K,
Ba, Yb, Li, Ca, Mg, Al; Ag, Cu, Ni, Pd, Au, or Pt.

[0013] The pixel defining layer may have a thickness of
from 1 um to about 4 um. The pixel defining layer may
include a light transmissive or non-transmissive organic
material.
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[0014] The first electrode may be a cathode, and the second
electrode may be an anode.

[0015] The second electrode may include at least one of
indium tin oxide (ITO), a triple layer of ITO/Ag/ITO, PEDOT
(poly(3,4-ethylenedioxythiophene)), and a conductive
organic material, and the first electrode may include at least
one of MgAg, AgYh, Mg, Al, and Ag nanowires.

[0016] The electrode connecting portion may include at
least one of indium tin oxide (ITO), a triple layer of TTO/Ag/
ITO, PEDOT (poly(3,4-ethylenedioxythiophene)), and a
conductive organic material.

[0017] The pixel defining layer may have a thickness of
from 1 um to about 4 um. The pixel defining layer may
include a light transmissive organic material.

[0018] The second electrode may cover the entire organic
emission layer.
[0019] A manufacturing method of an OLED display

according to an exemplary embodiment includes forming a
first electrode on an insulation substrate and forming a pixel
defining layer to surround the first electrode. An organic
emission layer is formed on the first electrode in the pixel
area. An electrode connecting portion is formed on the pixel
defining layer. A second electrode is formed on the organic
emission layer. The second electrode is connected to the
electrode connecting portion.

[0020] The first electrode may include at least one of
indium tin oxide (ITO), a triple layer of ITO/Ag/ITO, PEDOT
(poly(3,4-ethylenedioxythiophene)), and a conductive
organic material, and the second electrode may include at
least one of MgAg, AgYb, Mg, Al, and Ag nanowires.

[0021] The electrode connecting portion may include at
least one of a dual layer of Ca/Al, LiAl, MgAg, LiF/Al, a dual
layer of CsF/Al, BaF2/Al, a triple layer of LiF/Ca/Al, and Cs,
K, Ba, Yb, Li, Ca, Mg, Al, Ag, Cu, Ni, Pd, Au, or Pt.

[0022] The pixel defining layer may include a light trans-
missive or non-transmissive organic material. The pixel
defining layer may have a thickness of from 1 um to about 4
um.

[0023] The second electrode may include at least one of
indium tin oxide (ITO), a triple layer of ITO/Ag/ITO, PEDOT
(poly(3,4-ethylenedioxythiophene)), and a conductive
organic material, and the first electrode may include at least
one of MgAg, AgYb, Mg, Al, and Ag nanowires.

[0024] The electrode connecting portion may include at
least one of a dual layer of Ca/Al, LiAl, MgAg, LiF/Al,
CsF/Al, or BaF2/Al, a triple layer of LiF/Ca/Al, and Cs, K,
Ba, Yb, Li, Ca, Mg, Al, Ag, Cu, Ni, Pd, Au, or Pt.

[0025] The pixel defining layer may include a light trans-
missive organic material. The pixel defining layer may have a
thickness of from 1 um to about 4 um.

[0026] The second electrode may cover the entire organic
emission layer.
[0027] In the OLED display according to an exemplary

embodiment of the present invention, the organic light-emit-
ting display area can be used as the transmission window, thus
increasing a size of the organic light-emitting display area.

[0028] According to an exemplary embodiment of the
present invention limitations regarding selecting the cathode
or anode metal material can be reduced or eliminated.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other features of the present inven-
tion will become more apparent by describing in detail exem-
plary embodiments thereof, with reference to the accompa-
nying drawings in which:

[0030] FIG.11is alayout view of the organic light emitting
diode (OLED) display according to an exemplary embodi-
ment of the present invention.

[0031] FIG. 2 is a layout view of one pixel of the OLED
display according to an exemplary embodiment ofthe present
invention.

[0032] FIG. 3 is a cross-sectional view of one pixel of the
OLED display according to an exemplary embodiment of the
present invention.

[0033] FIGS. 4, 6, and 8 are layout views of one pixel in
intermediate steps of a manufacturing method of an OLED
display according to an exemplary embodiment of the present
invention.

[0034] FIGS. 5,7, and 9 are cross-sectional views corre-
sponding to FIGS. 4, 6, and 8, respectively.

[0035] FIG. 10 is a layout view of one pixel of an OLED
display according to another exemplary embodiment of the
present invention.

[0036] FIG. 11 is a cross-sectional view of one pixel of the
OLED display according to an exemplary embodiment of the
present invention.

[0037] FIG. 12 is a cross-sectional view of one pixel of an
OLED display according to another exemplary embodiment
of the present invention.

[0038] FIG. 13 is a layout view of one pixel of the OLED
display according to an exemplary embodiment ofthe present
invention.

[0039] FIG. 14 is a cross-sectional view of one pixel of the
OLED display according to another exemplary embodiment
of the present invention.

[0040] FIGS.15,17,and 19 are layout views of one pixel in
intermediate steps of a manufacturing method of an OLED
display according to an exemplary embodiment ofthe present
invention.

[0041] FIGS. 16, 18, and 20 are cross-sectional views cor-
responding to FIGS. 15, 17, and 19, respectively.

[0042] FIG. 21 is a layout view of one pixel of an OLED
according to another exemplary embodiment of the present
invention.

[0043] FIG. 22 is a cross-sectional view of one pixel of the
OLED display according to an exemplary embodiment of the
present invention.

[0044] FIGS. 23,25, and 27 are layout views of one pixel in
intermediate steps of a manufacturing method of an OLED
display according to an exemplary embodiment ofthe present
invention.

[0045] FIGS. 24, 26, and 28 are cross-sectional views cor-
responding to FIGS. 23, 25, and 27, respectively.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0046] Exemplary embodiments of the present invention
will be described more fully hereinafter with reference to the
accompanying drawings, in which exemplary embodiments
of the present invention are shown. As those skilled in the art
would realize, the described embodiments may be modified
in various different ways, all without departing from the spirit
or scope of the present invention.
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[0047] 1Inthe drawings, the thickness of layers, films, pan-
els, or regions may be exaggerated for clarity. Like reference
numerals may designate like elements throughout the speci-
fication and drawings. It will be understood that when an
element such as a layer, film, region, or substrate is referred to
as being “on” another element, it may be directly on the other
element or intervening elements may be present. When an
element is referred to as being “directly on” another element,
there may be no intervening elements present.

[0048] First, an organic light emitting diode (OLED) dis-
play according to an exemplary embodiment of the present
invention will be described in more detail below with refer-
ence to the accompanying drawings.

[0049] FIG. 1is a layout view of the organic light emitting
diode (OLED) display according to an exemplary embodi-
ment of the present invention. FIG. 2 is a layout view of one
pixel of the OLED display according to an exemplary
embodiment of the present invention. FIG. 3 is a cross-sec-
tional view of one pixel of the OLED display according to an
exemplary embodiment of the present invention.

[0050] Referring to FIG. 1, an OLED display according to
an exemplary embodiment of the present invention may
include a circuit portion 2 that horizontally and vertically
extends to be disposed in a matrix shape, and a pixel portion
1 that is partitioned by the circuit portion 2. In the pixel
portion 1, an anode, a cathode, and an organic emission layer
may be disposed to perform a display operation. In the circuit
portion 2, wires and switching elements may be disposed to
apply electrical signals to the pixel portion 1. A structure of
the pixel portion 1 will be described in more detail below with
reference to FIGS. 2 and 3.

[0051] Referring to FIGS. 2 and 3, an anode 12 may be
disposed on an insulation substrate 11. The anode 12 may
include indium tin oxide (ITO), atriple layer of ITO/Ag/ITO,
PEDOT (poly(3,4-ethylenedioxythiophene)), or a conductive
organic material. The insulation substrate 11 may be a sub-
strate that includes glass, or may be a thin film structure in
which a predetermined thin film pattern is formed on the
substrate.

[0052] A pixel defining layer 13 may be disposed on the
anode 12. The pixel defining layer 13 may form a space in
which an organic emission layer 14 is disposed. The pixel
defining layer may have a shape of a bank surrounding the
anode 12, and may expose the anode 12, which may have a
rectangular shape. However, the shape of the anode 12
exposed by the pixel defining layer 13 may be modified, as
desired. The pixel defining layer 13 may include a light trans-
missive organic material or non-transmissive organic mate-
rial, and may have a thickness of from 1 um to about 4 um.
[0053] The organic emission layer 14 may be disposed in
the space that is formed by the pixel defining layer 13. The
organic emission layer 14 may be in contact with the exposed
anode 12. The organic emission layer 14 may include a plu-
rality of functional layers, such as a hole transport layer, an
active layer, and/or an electron transport layer.

[0054] A cathode connecting portion 15 may be disposed
on a bank of the pixel defining layer 13. The cathode connect-
ing portion 15 may have a quadrangular ring shape. The shape
of the cathode connecting portion 15 may be modified, as
desired. The cathode connecting portion 15 may include an
opaque metal, and may include a metal having relatively high
conductivity. The cathode connecting portion 15 may include
amaterial having relatively high conductivity, such as a dual
layer of Ca/Al, LiAl, MgAg, LiF/Al, CsF/Al, or BaF2/Al, a
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triple layer of LiF/Ca/Al, or Cs, K, Ba,Yb, Li, Ca, Mg, Al, Ag,
Cu, Ni, Pd, Au, or Pt. The cathode connecting portion 15 may
be expanded to contact the circuit portion 2 of the OLED
display to form a single integral part across the entire OLED
display.

[0055] A cathode 16 may be disposed on an inclined sur-
face of the pixel defining layer 13. The cathode 16 may
electrically connect the organic emission layer 14 to the cath-
ode connecting portion 15. The cathode 16 may have a qua-
drangular ring shape. The cathode may contact an edge of a
top surface of the organic emission layer 14, and may contact
a lateral surface of the cathode connecting portion 15. The
shape of the cathode 16 may be modified, as desired. For
example, the shape of the cathode 16 may be modified in
accordance with the shape of the pixel defining layer 13 and
the shape of the cathode connecting portion 15. The cathode
16 may be expanded to a top surface of the cathode connect-
ing portion 15. The cathode 16 may include a conductive
material such as MgAg, AgYb, Mg, Al, or Ag nanowires.
[0056] In the OLED display according to exemplary
embodiments of the present invention, a portion of the OLED
display where the organic emission layer 14 is disposed may
be used as a transmission window. Accordingly, a transparent
display may be implemented even without an additional
transmission window. In the OLED display according to an
exemplary embodiment of the present invention, an addi-
tional transmission window may be included in the OLED
display. A manufacturing method of an OLED display
according to an exemplary embodiment of the present inven-
tion will be described in more detail below.

[0057] FIGS. 4, 6, and 8 are layout views of one pixel in
intermediate steps of a manufacturing method of an OLED
display according to an exemplary embodiment of the present
invention. FIGS. 5, 7, and 9 are cross-sectional views corre-
sponding to FIGS. 4, 6, and 8, respectively.

[0058] Referring to FIGS. 4 and 5, indium tin oxide (ITO),
a triple layer of ITO/Ag/ITO, PEDOT (poly(3,4-ethylene-
dioxythiophene)), and/or a conductive organic material may
be deposited on the insulation substrate 11, and may then be
photo-etched to form the anode 12. A light transmissive or
non-transmissive organic insulating material may be depos-
ited or coated on the anode 12, and may then be patterned by
using a method such as photolithography, thus forming the
pixel defining layer 13. The pixel defining layer 13 may be
formed by coating a photosensitive material and then expos-
ing and developing the photosensitive material.

[0059] Referring to FIGS. 6 and 7, a conductive material,
such as a dual layer of LiAl, MgAg, LiF/Al, CsF/Al or
BaF2/Al, atriple layer of LiF/Ca/Al, or Cs, K, Ba, Yb, L, Ca,
Mg, Al, Ag, Cu, Ni, Pd, Au, or Pt may be deposited or coated
on the pixel defining layer 13, and may then be patterned by
using a method such as photolithography to form the cathode
connecting portion 15.

[0060] Referring to FIGS. 8 and 9, the organic emission
layer 14 may be formed in the space that is created by the pixel
defining layer 13. The organic emission layer 14 may be
formed by an evaporation or printing process using a mask.
[0061] Referring to FIGS. 2 and 3, a conductive material
such as MgAg, AgYb, Mg, Al, or Ag nanowires may be
deposited or coated on the cathode connecting portion 15, the
organic emission layer 14, and the pixel defining layer 13, and
may then be patterned by using a method such as photolithog-
raphy, thus forming the cathode 16. When the cathode 16
includes a same material as the cathode connecting portion
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15, the cathode 16 may be formed to cover the cathode con-
necting portion 15. Alternatively, the process of forming the
cathode connecting portion 15 may be omitted, and the cath-
ode 16 may be used as the cathode connecting portion 15.
[0062] The OLED display according to exemplary embodi-
ments of the present invention may be manufactured by
switching the positions of the anode 12 and the cathode 16.
[0063] FIG. 10 is a layout view of one pixel of an OLED
display according to another exemplary embodiment of the
present invention. FIG. 11 is a cross-sectional view of one
pixel of the OLED display according to an exemplary
embodiment of the present invention.

[0064] Referring to FIGS. 10 and 11, a cathode 15" may be
disposed on the insulation substrate 11. The cathode 15' may
include a conductive material such as MgAg, AgYb, Mg, Al,
or Ag nanowires. Light transmittance may be controlled by
reducing a thickness of the cathode 15'. The insulation sub-
strate 11 may be a substrate including glass, or may be a thin
film structure in which a predetermined thin film pattern is
formed on the substrate.

[0065] The pixel defining layer 13 may be disposed on the
cathode 15'. The pixel defining layer 13 may form the space.
The organic emission layer 14 may be disposed in the space.
The pixel defining layer 13 may have a shape of a bank
surrounding the cathode 15', and may expose the rectangle-
shaped cathode 15'. However, the shape of the cathode 15'
exposed by the pixel defining layer 13 may be modified, as
desired. The pixel defining layer 13 may include a light trans-
missive organic material, and may have a thickness of from 1
um to about 4 um.

[0066] The organic emission layer 14 may be disposed in
the space that is formed by the pixel defining layer 13. The
organic emission layer 14 may contact the exposed cathode
15'. The organic emission layer 14 may include a plurality of
functional layers, such as a hole transport layer, an active
layer, and/or an electron transport layer.

[0067] An anode connecting portion 12' may be disposed
on the bank of the pixel defining layer 13 and may have a
quadrangular ring shape. The shape of the anode connecting
portion 12' may be modified, as desired. The anode connect-
ing portion 12' may include a material such as ITO, PEDOT,
ITO/Ag/TTO, or a conductive organic material that has rela-
tively high conductivity and may satisfy a work function
condition with an anode 16'. The anode connecting portion
12" may be expanded to contact the circuit portion 2 of the
OLED display to form a single integrated unit across the
entire OLED display.

[0068] The anode 16' may be disposed on the inclined sur-
face of the pixel defining layer 13. The anode 16' may elec-
trically connect the organic emission layer 14 to the anode
connecting portion 12'. The anode 16' may have a quadran-
gular ring shape, may contact an edge of a top surface of the
organic emission layer 14, and may contact a lateral surface of
the anode connecting portion 12'. The shape of the anode 16'
may be modified in accordance with the shape of the pixel
defining layer 13 and the shape of the anode connecting
portion 12'. The anode 16' may be expanded to contact at least
some portion of the top surface of the anode connecting
portion 12'. The anode 16' may include a transparent conduc-
tive material, such as ITO, PEDOT, ITO/Ag/ITQO, or a con-
ductive organic material.

[0069] In the OLED display according to exemplary
embodiments of the present invention, a portion of the OLED
display where the organic emission layer 14 is disposed may
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be used as a transmission window. Accordingly, a transparent
display may be implemented without an additional transmis-
sion window. In the OLED display according to exemplary
embodiments of the present invention, the additional trans-
mission window may be included in the OLED display.
[0070] The OLED display according to exemplary embodi-
ments of the present invention may be manufactured by using
amethod that is similar to the manufacturing method that has
been described with reference 1o FIGS. 4 to 9. However,
according to an exemplary embodiment of the present inven-
tion, the cathode 15' may be formed first on the insulation
substrate 11, and the anode connecting portion 12' may then
be formed on the pixel defining layer 13 after forming the
pixel defining layer 13.

[0071] FIG. 12 is a cross-sectional view of one pixel of an
OLED display according to another exemplary embodiment
of the present invention.

[0072] The OLED display may have substantially the same
structure as described with reference to FIGS. 2 and 3. The
OLED display may include a transmission window 18. The
transmission window 18 is a region through which light may
be transmitted. The organic light-emitting display area may
have the structure as described referring to FIGS. 2 and 3, and
the transmission window 18 may be a region through which
light is simply transmitted. The OLED display may have
substantially the same structure as described with reference to
FIGS. 10 and 11.

[0073] When the transmission window 18 is separately
formed, a function of the transparent window can be
increased. However, since the OLED display may perform a
certain degree of a light transmission, a size of the transmis-
sion window 18 can be reduced.

[0074] FIG. 13 is a layout view of one pixel of the OLED
display according to another exemplary embodiment of the
present invention. FIG. 14 is a cross-sectional view of one
pixel of the OLED display according to an exemplary
embodiment of the present invention.

[0075] Referring to FIGS. 13 and 14, an anode 120 may be
disposed on an insulation substrate 110. The anode 120 may
include a transparent conductive material such as indium tin
oxide (ITQ), a triple layer of ITO/Ag/ITO, PEDOT (poly(3,
4-ethylenedioxythiophene)), or a conductive organic mate-
rial. The insulation substrate 110 may be a substrate including
glass, ormay be a thin film structure in which a predetermined
thin film pattern is formed on the substrate.

[0076] A pixel defining layer 130 may be disposed on the
anode 120. The pixel defining layer 130 may form a space. An
organic emission layer 140 may be disposed in the space. The
space may have a shape of a bank surrounding the anode 120,
and may expose a rectangle-shaped anode 120. The shape of
the anode 120 exposed by the pixel defining layer 130 may be
modified, as desired. The pixel defining layer 130 may
include a light transmissive organic material or non-transmis-
sive organic material, and may have a thickness of from 1 um
to about 4 um.

[0077] The organic emission layer 140 may be disposed in
the space that is formed by the pixel defining layer 130. The
organic emission layer 140 may be in contact with the
exposed anode 120. The organic emission layer 140 may
include a plurality of functional layers such as a hole transport
layer, an active layer, and/or an electron transport layer.
[0078] A cathode connecting portion 150 may be disposed
on the bank of the pixel defining layer 130 and may have a
quadrangular ring shape. The cathode connecting portion 150

Jul. 7, 2016

may be connected to the cathode connecting portion 150 of a
neighboring pixel. Accordingly, a mesh shape in which qua-
drangular rings of cathode connecting portions 150 are con-
nected may be formed across the display device. The shape of
the cathode connecting portion 150 may be modified, as
desired. The cathode connecting portion 150 may include an
opaque metal, and accordingly, may include a metal having
relatively high conductivity. The cathode connecting portion
150 may include a material having relatively high conductiv-
ity, such as a dual layer of Ca/Al, LiAl, MgAg, LiF/Al,
CsF/Al, or BaF2/Al, a triple layer of LiF/Ca/Al, or Cs, K, Ba,
Yb, Li, Ca, Mg, Al, Ag, Cu, Ni, Pd, Au, or Pt. The cathode
connecting portion 150 may extend to contact the circuit
portion 2 (see, e.g., FIG. 1) of the OLED display to form a
single integral part across the entire OLED display.

[0079] A cathode 160 may be disposed on the inclined
surface of the pixel defining layer 130 and on the organic
emission layer 140. The cathode 160 may electrically connect
the organic emission layer 140 to the cathode connecting
portion 150. The cathode 160 may have a quadrangular shape,
may be in contact with a top surface of the organic emission
layer 140, and may be in contact with a lateral surface of the
cathode connecting portion 150. The shape of the cathode 160
may be modified in accordance with the shape of the pixel
defining layer 130 and the shape of the cathode connecting
portion 150. The cathode 160 may be expanded to contact a
top surface of the cathode connecting portion 150. The cath-
ode 160 may include a conductive material such as MgAg,
AgYb, Mg, Al, or Ag nanowires. Light transmittance may be
controlled by reducing a thickness of the cathode 160. The
cathode 160 may include a material having a relatively high
light-reflecting characteristic to be used as a reflecting elec-
trode.

[0080] In the OLED display according to exemplary
embodiments of the present invention, a portion where the
organic emission layer 140 is formed can be used as a trans-
mission window. Accordingly, a transparent display can be
implemented even without an additional transmission win-
dow. In the OLED display according exemplary embodi-
ments of the present invention, a separate transmission win-
dow may be included in the OLED display.

[0081] A manufacturing method of an OLED display
according to an exemplary embodiment of the present inven-
tion will be described in more detail below.

[0082] FIGS.15,17,and 19 are layout views of one pixel in
intermediate steps of a manufacturing method of an OLED
display according to an exemplary embodiment ofthe present
invention. FIGS. 16, 18, and 20 are cross-sectional views
corresponding to FIGS. 15, 17, and 19, respectively.

[0083] Referring to FIGS. 15 and 16, indium tin oxide
(ITO), a triple layer of ITO/Ag/ITO, PEDOT (poly(3.4-eth-
ylenedioxythiophene)), and/or a conductive organic material
may be deposited on an insulation substrate 110, and may
then be photo-etched, thus forming the anode 120. A light
transmissive or non-transmissive organic insulating material
may be deposited or coated on the insulation substrate 110
and then patterned by using a method such as photolithogra-
phy, thus forming the pixel defining layer 130. The pixel
defining layer 130 may be formed by depositing or coating a
photosensitive material on the insulation substrate 110 and
then exposing and developing the photosensitive material.
[0084] Referring to FIGS. 17 and 18, a conductive material
such as adual layer of Ca/Al, LiAl, MgAg, LiF/Al, CsF/Al, or
BaF2/Al, atriple layer of LiF/Ca/Al, or Cs, K, Ba, Yb, L, Ca,
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Mg, Al, Ag, Cu, Ni, Pd, Au, or Pt may be deposited or coated
on the pixel defining layer 130, and may then be patterned by
using a method such as photolithography, thus forming the
cathode connecting portion 150.

[0085] Referring to FIGS. 19 and 20, the organic emission
layer 140 may be formed in the space that is formed by the
pixel defining layer 130. The organic emission layer 140 may
be formed by an evaporation or printing process using a mask.
[0086] Referring to FIGS. 13 and 14, a conductive material
such as MgAg, AgYb, Mg, Al, or Ag nanowires may be
deposited or coated on the cathode connecting portion 150,
the organic emission layer 140, and the pixel defining layer
130, and may then be patterned by using a method such as
photolithography, thus forming the cathode 160. When the
cathode 160 includes the same material as the cathode con-
necting portion 150, the cathode 160 may be formed to cover
the cathode connecting portion 150. The process of forming
the cathode connecting portion 150 may be omitted, and the
cathode 160 may be used as the cathode connecting portion
150.

[0087] The OLED display may be manufactured by switch-
ing the positions of the anode 120 and the cathode 160.
[0088] FIG. 21 is a layout view of one pixel of an OLED
according to another exemplary embodiment of the present
invention. FIG. 22 is a cross-sectional view of one pixel of the
OLED display according to an exemplary embodiment of the
present invention.

[0089] Referring to FIGS. 21 and 22, a cathode 161 may be
disposed on the insulation substrate 110. The cathode 161
may include a conductive material such as MgAg, AgYb, Mg,
Al, or Ag nanowires. Light transmittance may be controlled
by reducing a thickness of the cathode 161. The insulation
substrate 110 may be a substrate including glass, or may be a
thin film structure in which a predetermined thin film pattern
is formed on the substrate. The cathode 161 may include a
material having a relatively high light-reflecting characteris-
tic to be used as a reflecting electrode.

[0090] The pixel defining layer 130 may be disposed on the
cathode 161. The pixel defining layer 130 may form the space
in which the organic emission layer 140 is disposed. The pixel
defining layer 130 may be formed in the shape of a bank
surrounding the cathode 161, and may expose the rectangle-
shaped cathode 161. The shape of the cathode 161 exposed by
the pixel defining layer 130 may be modified, as desired. The
pixel defining layer 130 may include a light transmissive
organic material, and may have a thickness of from 1 um to
about 4 um.

[0091] The organic emission layer 140 may be disposed in
the space that is formed by the pixel defining layer 130. The
organic emission layer 140 may be in contact with the
exposed cathode 161. The organic emission layer 140 may
include a plurality of functional layers such as a hole transport
layer, an active layer, and/or an electron transport layer.
[0092] An anode connecting portion 122 may be disposed
on the bank of the pixel defining layer 130 and may have a
quadrangular ring shape. The anode connecting portion 122
may be connected to an anode connecting portion 122 of a
neighboring pixel. Accordingly, across the entire display
device, quadrangular rings of the anode connecting portions
122 may be connected to form a mesh shape. The shape of the
anode connecting portion 122 may be modified, as desired.
The anode connecting portion 122 may include a material
such as indium tin oxide (ITO), a triple layer of ITO/Ag/ITO,
PEDOT (poly(3,4-ethylenedioxythiophene)), and a conduc-
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tive organic material which may have relatively high conduc-
tivity and may satisfy a work function condition with an
anode 121. The anode connecting portion 122 may be
expanded to contact the circuit portion 2 (see, e.g., FIG. 1) of
the OLED display to form a single integral part across the
entire OLED display.

[0093] The anode 121 may be disposed on an inclined
surface of the pixel defining layer 130 and on the organic
emission layer 140. The anode 121 may electrically connect
the organic emission layer 140 to the anode connecting por-
tion 122. The anode 121 may have a quadrangular shape, may
contact a top surface of the organic emission layer 140, and
may contact a lateral surface of the anode connecting portion
122. The shape of the anode 121 may be modified in accor-
dance with the shape of the pixel defining layer 130 and the
shape of the anode connecting portion 122. The anode 121
may be expanded to contact at least a portion of a top surface
of the anode connecting portion 122. The anode 121 may
include a transparent conductive material such as indium tin
oxide (ITO), a triple layer of ITO/Ag/ITO, PEDOT (poly(3,
4-ethylenedioxythiophene)), or a conductive organic mate-
rial.

[0094] In the OLED display according to exemplary
embodiments of the present invention, a portion of the OLED
display where the organic emission layer 140 is disposed can
be used as a transmission window. Accordingly, a transparent
display can be implemented without an additional transmis-
sion window. In the OLED display according to exemplary
embodiments of the present invention, an additional trans-
mission window may be formed. However, in the OLED
display according to exemplary embodiments of the present
invention, an additional transmission window may be
included in the OLED display to implement a transparent
display. When the cathode 161 is used as a reflecting elec-
trode, an additional transmission window may be included in
the OLED display to implement a transparent display.

[0095] A manufacturing method of an OLED display
according to an exemplary embodiment of the present inven-
tion will be described below in more detail.

[0096] FIGS. 23,25, and 27 are layout views of one pixel in
intermediate steps of a manufacturing method of an OLED
display according to an exemplary embodiment ofthe present
invention. FIGS. 24, 26, and 28 are cross-sectional views
corresponding to FIGS. 23, 25 and 27, respectively.

[0097] Referring to FIGS. 23 and 24, a conductive material
such as MgAg, AgYb, Mg, Al, or Ag nanowires may be
deposited or coated on the insulation substrate 110, and may
then be photo-etched, thus forming the cathode 161. A thick-
ness of the cathode 161 may be relatively thin to control light
transmittance of the cathode 161. A light transmissive or
non-transmissive organic insulating material may be depos-
ited or coated on the insulation substrate 110, and may then be
patterned by using a method such as photolithography, thus
forming the pixel defining layer 130. The pixel defining layer
130 may be formed by coating a photosensitive material on
the insulation substrate 110 and then exposing and develop-
ing the photosensitive material.

[0098] Referring to FIGS. 25 and 26, indium tin oxide
(ITO), a triple layer of ITO/Ag/ITO, PEDOT (poly(3,4-eth-
ylenedioxythiophene)), and/or a conductive organic material
may be deposited or coated on the pixel defining layer 130,
and may then patterned by using a method such as photoli-
thography, thus forming the anode connecting portion 122.
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[0099] Referring to FIGS. 27 and 28, the organic emission
layer 140 may be formed in the space that is formed by the
pixel defining layer 130. The organic emission layer 140 may
be formed by an evaporation or printing process using a mask.
[0100] Referring to FIGS.21 and 22, a transparent conduc-
tive material, such as indium tin oxide (ITO), a triple layer of
ITO/Ag/TTO, PEDOT (poly(3,4-ethylenedioxythiophene)),
and/or a conductive organic material may be deposited or
coated on the anode connecting portion 122, the organic
emission layer 140, and the pixel defining layer 130, and may
then be patterned by using a method such as photolithogra-
phy, thus forming the anode 121. When the anode 121
includes the same material as the anode connecting portion
122, the anode 121 may be formed to cover the anode con-
necting portion 122. The process of forming the anode con-
necting portion 122 may be omitted, and the anode 121 may
be used as the anode connecting portion 122.

[0101] While the present invention has been shown and
described with reference to the exemplary embodiments
thereof, it will be apparent to those of ordinary skill in the art
that various changes in form and detail may be made thereto
without departing from the spirit and scope of the present
invention.

What is claimed is:

1. An organic light emitting diode (OLED) display com-
prising:

an insulation substrate;

a first electrode disposed on the insulation substrate;

a pixel defining layer surrounding the first electrode,
wherein the pixel defining layer forms a pixel area on the
first electrode;

an organic emission layer disposed on the first electrode in
the pixel area;

an electrode connecting portion disposed on the pixel
defining layer; and

asecond electrode disposed on the organic emission layer,
wherein the second electrode is connected to the elec-
trode connecting portion.

2. The OLED display of claim 1, wherein the first electrode

is an anode, and the second electrode is a cathode.

3. The OLED display of claim 2, wherein the first electrode
includes at least one of indium tin oxide (ITO), a triple layer
of ITO/AZITO, PEDOT  (poly(3,4-cthylenediox-
ythiophene)), and a conductive organic material, and the sec-
ond electrode includes at least one of MgAg, AgYb, Mg, Al,
and Ag nanowires.

4. The OLED display of claim 3, wherein the electrode
connecting portion includes at least one of a dual layer of
Ca/Al, LiAl, MgAg, LiF/Al, CsF/Al, BaF2/Al, a triple layer
of LiF/Ca/Al, and Cs, K, Ba, Yb, Li, Ca, Mg, Al, Ag, Cu, Ni,
Pd, Au, or Pt.

5. The OLED display of claim 4, wherein the pixel defining
layer has a thickness of from 1 um to about 4 um, and wherein
the pixel defining layer includes a light transmissive or non-
transmissive organic material.

6. The OLED display of claim 1, wherein the first electrode
is a cathode, and the second electrode is an anode.

7. The OLED display of claim 6, wherein the second elec-
trode includes at least one of indium tin oxide (ITO), a triple
layer of ITO/Ag/ITO, PEDOT (poly(3,4-ethylenediox-
ythiophene)), and a conductive organic material, and the first
electrode includes at least one of MgAg, AgYb, Mg, Al, and
Ag nanowires.
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8. The OLED display of claim 7, wherein the electrode
connecting portion includes at least one of indium tin oxide
(ITO), a triple layer of ITO/Ag/ITO, PEDOT (poly(3.4-eth-
ylenedioxythiophene)), and a conductive organic material.

9. The OLED display of claim 8, wherein the pixel defining
layer has a thickness of from 1 um to about 4 um, and wherein
the pixel defining layer includes a light transmissive organic
material.

10. The OLED display of claim 1, wherein the second
electrode covers the entire organic emission layer.

11. A manufacturing method of an OLED display compris-
ing:

forming a first electrode on an insulation substrate;

forming a pixel defining layer to surround the first elec-
trode, wherein the pixel defining layer forms a pixel area
on the first electrode;

forming an organic emission layer on the first electrode in
the pixel area;

forming an electrode connecting portion on the pixel defin-
ing layer; and

forming a second electrode on the organic emission layer,
wherein the second electrode is connected to the elec-
trode connecting portion.

12. The method of claim 11, wherein the first electrode is
includes at least one of indium tin oxide (ITO), a triple layer
of ITO/Ag/ITO, PEDOT  (poly(3,4-cthylenediox-
ythiophene)), and a conductive organic material, and the sec-
ond electrode includes at least one of MgAg, AgYb, Mg, Al,
and Ag nanowires.

13. The method of claim 12, wherein the electrode con-
necting portion includes at least one of a dual layer of Ca/Al,
LiAl, MgAg, LiF/Al, CsF/Al, or BaF2/Al, a triple layer of
LiF/Ca/Al,and Cs, K, Ba, Yb, Li, Ca, Mg, Al, Ag, Cu, Ni, Pd,
Au, or Pt.

14. The method of claim 13, wherein the pixel defining
layer includes a light transmissive or non-transmissive
organic material, and wherein the pixel defining layer has a
thickness of from 1 um to about 4 um.

15. The method of claim 11, wherein the second electrode
includes at least one of indium tin oxide (ITO), a triple layer
of ITO/Ag/ITO, PEDOT  (poly(3,4-cthylenediox-
ythiophene)), and a conductive organic material, and the first
electrode includes at least one of MgAg, AgYb, Mg, Al, and
Ag nanowires.

16. The method of claim 15, wherein the electrode con-
necting portion includes at least one of a dual layer of Ca/Al,
LiAl, MgAg, LiF/Al, CsF/Al, or BaF2/Al, a triple layer of
LiF/Ca/Al, and Cs, K, Ba, Yb, Li, Ca, Mg, Al, Ag, Cu, Ni, Pd,
Au, or Pt.

17. The method of claim 16, wherein the pixel defining
layer includes a light transmissive organic material, and
wherein the pixel defining layer has a thickness of from 1 um
to about 4 um.

18. The method of claim 11, wherein the second electrode
covers the entire organic emission layer.

19. An organic light emitting diode (OLED) display com-
prising:

an insulation substrate;

a first electrode disposed on a first portion of the insulation
substrate;

a pixel defining layer surrounding a second portion of the
insulation substrate and a first portion of the first elec-
trode, wherein the pixel defining layer exposes a second
portion of the first electrode;
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an organic emission layer disposed on the exposed second

portion of the first electrode;

an electrode connecting portion disposed on the pixel

defining layer; and

a second electrode disposed on the organic emission layer,

wherein the second electrode is connected to the elec-
trode connecting portion.

20. The OLED display of claim 19, wherein the pixel
defining layer comprises first and second sloped sides, and
wherein the organic emission layer and the second electrode
are disposed on the first and second sloped sides of the pixel
defining layer.
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