a2 United States Patent
Kwak

US008354980B2

US 8,354,980 B2
Jan, 15, 2013

(10) Patent No.:
(45) Date of Patent:

(54) ORGANIC LIGHT EMITTING DISPLAY FOREIGN PATENT DOCUMENTS
CN 1578571 A 2/2005
(75) Inventor: Won-Kyu Kwak, Suwon-si (KR) CN 1967864 A 5/2007
P 2003-068472 3/2003
. . - JP 2004-281399 10/2004
(73) Assignee: Samsung Display Co., Ltd., Yongin-si p 2005-011793 1/2005
(KR) P 2005-268062 9/2005
Jp 2006-059796 3/2006
(*) Notice:  Subject to any disclaimer, the term of this ig %8825(1)21;7‘% é 1?@882
%atserg 1lssixlt)e11)df:(311c())rdad]usted under 35 P 2007093518 4/2007
8.C. 134(b) by 310 days. P 2007-141844 6/2007
P 2007-273261 10/2007
(21)  Appl. No.: 12/564,004 KR 1020020029159 A 4/2002
KR 10-2003-0013700 2/2003
(22) Filed: Sep. 21, 2009 KR 20060030437 A 4/2006
. ’ (Continued)
(65) Prior Publication Data OTHER PUBLICATIONS
US 2010/0097295 Al Apr. 22,2010 SIPO Office Action dated Jan. 19, 2011 in corresponding Chinese
(30) Foreien Avolication Prioritv Dat patent application No. CN 200910179535.9, 7 pps.
oreign Application Priority Data
(Continued)
Oct. 17,2008 (KR) ..oocccccrrrccs 10-2008-0101947  pyy Evaminer — Andrew L Sniezek
(74) Attorney, Agent, or Firm — Christie, Parker & Hale,
(51) Int.Cl LLP
G09G 3/30 (2006.01)
GO9G 3/32 (2006.01) G7) ABSTRACT
(32) US.CL e, 345/76; 345/82;313/506  An organic light emitting display is capable of reducing or
(58) Field of Classification Search ........................ None preventing IR drop in a cathode electrode. An organic light
See application file for complete search history. emitting display includes a first substrate and a second sub-
strate. The first substrate has a plurality of pixels located
. thereon, each of the pixels comprising an organic light emit-
(56) References Cited ting diode, wherein a cathode electrode of the organic light
U.S. PATENT DOCUMENTS emitting diode including a transparent material is located on
_ - substantially an entire area of the pixels. The second substrate
200 416%1623’451421:15 221 igggég JTliike; th'al has a mesh type auxiliary electrode located thereon at a side
20050212413 Al*  9/2005 Matsuuraetal. ... 313504  facing the pixels, the mesh-type auxiliary electrode corre-
2006/0124950 Al 6/2006 Park et al. sponding to non-emission regions between the pixels and
3882/85339?3 ii 1;;3882 %I{namu;lq electrically connected 1o the cathode electrode.
/ aegashi
2007/0108899 Al 5/2007 Jungetal. 14 Claims, 3 Drawing Sheets
.,-'*'M'\ f#%’ : " .
&g & > &

s, o i,
F R S i
S8 10n 1B 12 L16a 116 He
e
2 foR 1 L2y 120



US 8,354,980 B2
Page 2

FOREIGN PATENT DOCUMENTS

KR 10-0662557 12/2006
KR 10-2008-0025500 3/2008
OTHER PUBLICATIONS

Furopean Search Report dated Feb. 9, 2010, for corresponding Euro-
pean patent application 09173041.6, noting listed references in this
IDS.

Japanese Office action dated Jan. 4, 2011 for Japanese Patent Appli-
cation No. 2009-100002, which claims priority of the corresponding

Korean priority application No. 10-2008-0101947, noting the listed
references in this IDS.

KIPO Office action dated May 31, 2010, for priority Korean Patent
Application No. 10-2008-0101947, noting the listed references in
this IDS, as well as KR 100662557, KR 1020030013700 and KR
1020080025500 previously filed in an IDS dated Jan. 28, 2010.
KIPO Office action dated Dec. 23, 2009, for priority Korean appli-
cation 10-2008-0101947, noting listed references in this IDS.
Japanese Office action dated Apr. 3, 2012, for corresponding Japa-
nese Patent application 2009-100002, (3 pages).

* cited by examiner



US 8,354,980 B2

Sheet 1 of 3

Jan. 15, 2013

U.S. Patent




U.S. Patent Jan. 15,2013  Sheet 2 of 3 US 8,354,980 B2

e,
.

i%’“ﬁ ' IS
Lt 118 1t

Fr gy

A2 1128 12h 1%, 18b (15
HH] 118

il LR L ... 1

T ik
P ¥




U.S. Patent Jan. 15,2013 Sheet 3 of 3 US 8,354,980 B2

118a 118D 11Be,

304

12
= foR R AR 1 1z




US 8,354,980 B2

1
ORGANIC LIGHT EMITTING DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2008-0101947, filed on
Oct. 17, 2008, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic light emitting
display, and more particularly, to an organic light emitting
display in which IR drop (i.e., voltage drop) in a cathode
electrode is prevented or reduced.

2. Description of the Related Art

Recently, various flat panel displays (FPDs) that are light
and thin in comparison to cathode ray tubes (CRTs) have been
developed. Among the FPDs, organic light emitting displays
using organic compound as phosphor to have excellent
brightness and color purity are in the spotlight.

Since the organic light emitting displays are thin and light
and capable of being driven with low power consumption,
they are suitable for portable displays in addition to applica-
tions in larger size FPDs.

The organic light emitting displays are typically classified
as a top emission organic light emitting display or a bottom
emission organic light emitting display according to light
emission directions. Further, a dual-side emission organic
light emitting display has combined features of the top emis-
sion organic light emitting display and the bottom emission
organic light emitting display.

A conventional bottom emission organic light emitting
display has disadvantages of a low aperture ratio because thin
film transistors for driving OLEDs cannot be positioned at
light emitting regions.

On the contrary, the top emission organic light emitting
display can achieve a desired aperture ratio regardless of
whether or not the thin film transistors are located under the
OLED:s.

However, in the top emission organic light emitting dis-
play, as light generated from an emission layer of the OLED
is emitted out through a cathode electrode, the cathode elec-
trode is required to be transparent. Therefore, the cathode
electrode is made of a transparent conductive material such as
ITO, or MgAg having a sufficiently small thickness to be
transparent.

However, the transparent conductive material such as ITO
has a high resistance, and MgAg can only have a limited
thickness. Thus, resistance of the cathode electrode is high so
that a relatively high IR drop (i.e., voltage drop) occurs.
Particularly, as a display panel becomes larger in size, IR drop
in the cathode electrode is greatly increased so that image
quality and display characteristics may not be uniform.

SUMMARY OF THE INVENTION

Accordingly, it is an aspect according to embodiments of
the present invention to provide an organic light emitting
display in which IR drop in a cathode electrode can be
reduced or prevented.

In order to achieve the foregoing and/or other aspects of the
present invention, according to a first embodiment of the
present invention, an organic light emitting display including
a first substrate and a second substrate is provided. The first
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substrate has a plurality of pixels located thereon, each of the
pixels including an organic light emitting diode, wherein a
cathode electrode of the organic light emitting diode includ-
ing a transparent material is located on substantially an entire
area of the pixels. The second substrate has a mesh type
auxiliary electrode located thereon at a side facing the pixels,
the mesh-type auxiliary electrode corresponding to non-
emission regions between the pixels and electrically con-
nected to the cathode electrode.

Here, the auxiliary electrode may include a conductive
black matrix material.

The auxiliary electrode may include a material with alower
specific resistance than a material for the cathode electrode.

The organic light emitting display further includes a trans-
parent conductive layer on substantially an entire area of the
auxiliary electrode and contacting the cathode electrode to
electrically connect the auxiliary electrode to the cathode
electrode. The transparent conductive layer contacts the cath-
ode electrodes at the non-emission regions between the pix-
els.

Accordingly, in organic light emitting displays according
to embodiments of the present invention, since an auxiliary
electrode, electrically connected to a cathode electrode on a
lower substrate and having resistance lower than the cathode
electrode, is on an upper substrate, IR drop in the cathode
electrode can be reduced or prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, together with the specifica-
tion, illustrate exemplary embodiments of the present inven-
tion, and, together with the description, serve to explain the
principles of the present invention.

FIG. 1 is an exploded perspective view illustrating an
organic light emitting display according to an embodiment of
the present invention;

FIG. 2 is a sectional view illustrating main parts of the
organic light emitting display as shown in FI1G. 1; and

FIG. 3 is a sectional view illustrating main parts of an
organic light emitting display according to another embodi-
ment of the present invention.

DETAILED DESCRIPTION

Hereinafter, certain exemplary embodiments according to
the present invention will be described with reference to the
accompanying drawings. Here, when a first element is
described as being coupled to a second element, the first
element may be directly coupled to the second element or
may be indirectly coupled to the second element via a third
element. Further, some of the elements that are not essential
to a complete understanding of the invention are omitted for
clarity. Also, like reference numerals refer to like elements
throughout.

Hereinafter, exemplary embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings, namely, FIGS. 1 to 3.

FIG. 1 is an exploded perspective view illustrating an
organic light emitting display according to an embodiment of
the present invention, and FIG. 2 is a sectional view illustrat-
ing main parts of the organic light emitting display as shown
in FIG. 1.

Referring to FIG. 1, an organic light emitting display
according to an embodiment of the present invention includes
a lower substrate 100 on which a plurality of pixels 110
respectively including organic light emitting diodes (OLEDs)
are formed, an upper substrate 200 on which a mesh-type
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auxiliary electrode 210 is located at the side facing the pixels
110. A transparent conductive layer 220 is formed on sub-
stantially an entire area of the auxiliary electrode 210 at the
side facing the pixels 110. While the auxiliary electrode 210
is primarily described herein as a single electrode formed as
amesh as shown in FIG. 1, the auxiliary electrode can also be
viewed as a plurality of auxiliary electrodes that are electri-
cally connected together in a form of a mesh.

Each of the pixels 110, as illustrated in FIG. 2, includes a
thin film transistor 112 and an OLED 116 which are formed
on the lower substrate 100.

Each of the thin film transistors 112 includes a semicon-
ductor layer 112a formed on a buffer layer 111, which is on
the lower substrate 100, a gate electrode 1125 formed on the
semiconductor layer 112a, where an insulating layer 113 is
interposed between the gate electrode 1125 and the semicon-
ductor layer 112a, and source/drain electrodes 112¢ formed
on the gate electrode 1125, where an interlayer insulating
layer 114 is interposed between the source/drain electrodes
112¢ and the gate electrode 1125. The source/drain electrodes
112¢ are electrically connected to the semiconductor layer
112a.

An insulating planarization layer 115 is formed on the thin
film transistor 112. An OLED 116 connected to the thin film
transistor 112 through a via-hole is formed on the planariza-
tion layer 115.

The OLED 116 is formed on the planarization layer 115.
The OLED 116 includes an anode electrode 116a electrically
connected to the thin film transistor 112 through the via-hole
formed in the planarization layer 115, a light emission layer
1164 formed on the anode electrode 116a at an area exposed
by a pixel definition layer 117 which is formed on the pla-
narization layer 115 to overlap with an upper portion of an
edge of the anode electrode 1164, and a cathode electrode
116¢ formed on the light emission layer 1165 and made of
transparent material. The cathode electrode layer 116¢ is
formed over substantially an entire upper side of the pixels
110.

Here, the light emission layer 1165 may be formed in the
form of a red light emission layer R, a green light emission
layer G, or a blue light emission layer B, independently
deposited using a fine metal mask (FMM). According to kind
of the light emission layer 1165, the pixels 110 may be clas-
sified as a red pixel 110R, a green pixel 110G, or a blue pixel
110B.

Each of the pixels 110 includes the cathode electrode 116¢
made of a transparent material to emit light toward the cath-
ode electrode 116¢. Accordingly, the organic light emitting
display may be implemented as a top emission (or a dual-side
emission) organic light emitting display. In the described
embodiment, the cathode electrode is a common electrode
shared by all of the pixels. However, each pixel can also be
viewed as having its own cathode electrode that is electrically
connected to cathode electrodes of other pixels.

Since the cathode electrode 116¢ should transmit light in a
top emission or dual-side emission organic light emitting
display, the cathode electrode 116¢ is made of a transparent
conductive layer. To this end, the cathode electrode 116¢ is
made of a transparent conductive material such as ITO, or
MgAg having a thickness that is small enough to be transpar-
ent. Here, the thickness of MgAg is determined within arange
of guaranteeing transparency greater than a predetermined
transparency with respect to light. The term transparency or
transparent in the present application refers to translucency
greater than a desired transparency (e.g., predetermined
transparency) or substantial transparency, as well as a trans-
parency of 100%.
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In non-emission regions 120 between the pixels 110, spac-
ers 118 are provided to maintain a gap (e.g., a predetermined
gap) between the first substrate 100 and the second substrate
200.

Each of the spacers 118 is formed between the pixel defi-
nition layer 117 of the non-emission region 120 and the
cathode electrode 116¢. In other words, the cathode electrode
116¢ is formed in a region including an upper portion of the
spacer 118 of the non-emission region 120, that is, is posi-
tioned on the top of the lower substrate 100.

The auxiliary electrode 210 is formed at a side of the upper
substrate 200 facing the pixels 110 to correspond to the non-
emission region 120 between the pixels 110 in the form of a
mesh, and is electrically connected to the cathode electrode
116¢ of the lower substrate 100 by a transparent conductive
layer 220.

The auxiliary electrode 210 may function as a black matrix
containing conductive black matrix material. The conductive
black matrix material may be at least one selected from the
group consisting of chrome (Cr), chrome alloys, molybde-
num (Mo), molybdenum alloys, oxides thereof (CrOx,
MoOx), and combinations thereof. For example, the auxiliary
electrode 210 may be formed of a single chrome layer, or may
include a dual chrome layer/chrome oxide layer or a dual
molybdenum layer/molybdenum oxide layer for effective
light interception.

Moreover, even if the auxiliary electrode 210 does not
completely function as a black matrix, since itis formed in the
non-emission region 120, it does not necessarily have to be
transparent. Thus, the thickness of the auxiliary electrode 210
has less restriction than that of the cathode electrode 116¢.
Therefore, the auxiliary electrode 210 may be formed with a
thickness relatively greater than that of the cathode electrode
116¢.

When the cathode electrode 116¢ is formed as a transparent
electrode made of ITO, for example, the auxiliary electrode
210 may be made of one of a variety of materials having a
specific resistance lower than the material for the cathode
electrode 116c¢.

That is, the auxiliary electrode 210 has a resistance lower
than that of the cathode electrode 116¢ and is electrically
connected thereto so as to prevent or reduce IR drop in the
cathode electrode 116¢.

The transparent conductive layer 220 is formed on substan-
tially an entire area of the auxiliary electrode 210 and contacts
the cathode electrode 116¢ at the non-emission regions 120
between the pixels 110 to electrically connect the auxiliary
electrode 210 to the cathode electrode 116¢.

The transparent conductive layer 220 performs a function
of preventing or reducing IR drop in the cathode electrode
116¢ together with the auxiliary electrode 210, and may be
made of indium tin oxide (ITO) such that light can be trans-
mitted therethrough. In other embodiments of the present
invention, the transparent conductive layer 220 may not be
provided, and the auxiliary electrode 210 may directly con-
tact the cathode electrode 116¢ when the transparent elec-
trode 220 is not used.

As described above, according to embodiments of the
present invention, the auxiliary electrode 210 and/or the
transparent conductive layer 220 to be electrically connected
to the cathode electrode 116¢ on the lower substrate 100, are
formed on the upper substrate 200. Then, the two substrates
100 and 200 are bonded to each other. Accordingly, IR drop in
the cathode electrode 116¢ can be prevented or reduced.

FIG. 3 is a sectional view illustrating main parts of an
organic light emitting display according to another embodi-
ment of the present invention. In FIG. 3, same reference
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numerals are assigned to the same elements as those in FIG.
2 and their description will be omitted.

Referring to FIG. 3, in an organic light emitting display
according to another embodiment of the present invention,
each of OLEDs 116' or a red pixel 110R", a green pixel 110G',
and a blue pixel 110B' includes white light emitting layer W.

Between the auxiliary electrode 210 of the upper substrate
200, color filters 230 corresponding to the pixels 110R',
110G, and 110B' are provided. Here, color filters are located
at openings of the mesh-type auxiliary electrode 210. That is,
red color filters R C/F, green color filters G C/F, and blue color
filters B C/F are formed on the red pixels 110R', the green
pixels 110G, and the blue pixels 110B', respectively. Using
the color filters, the organic light emitting display displays an
image with full colors.

Although not shown in the drawings, when unit pixels
include a red pixel, a green pixel, a blue pixel, and a white
pixel to display animage with full colors, the white pixel may
not include a color filter or may include a filter for adjusting
the amount of transmitted light.

This way, in another embodiment, the transparent conduc-
tive layer 220 is formed on substantially an entire area of the
auxiliary electrode 210 and color filters 230 and contacts the
cathode electrodes 116¢ to electrically connect the auxiliary
electrode 210 to the cathode electrodes 116¢.

While the present invention has been described in connec-
tion with certain exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed embodi-
ments, but, on the contrary, is intended to cover various
modifications and equivalent arrangements included within
the spirit and scope of the appended claims, and equivalents
thereof.

What is claimed is:

1. An organic light emitting display comprising:

a first substrate having a plurality of pixels located thereon,
each of the pixels comprising an organic light emitting
diode, wherein a cathode electrode of the organic light
emitting diode comprising a transparent material is
located on substantially an entire area of the pixels;

a second substrate having a mesh-type auxiliary electrode
located thereon at a side facing the pixels, the mesh-type
auxiliary electrode corresponding to non-emission
regions between the pixels and electrically connected to
the cathode electrode; and

a transparent conductive layer contacting an entire area of
the second substrate exposed by the auxiliary electrode
and contacting the cathode electrode to electrically con-
nect the auxiliary electrode to the cathode electrode.

2. The organic light emitting display as claimed in claim 1,
wherein the auxiliary electrode comprises a conductive black
matrix material.

3. The organic light emitting display as claimed in claim 1,
wherein the auxiliary electrode comprises at least one mate-
rial selected from the group consisting of chrome (Cr), a
chrome alloy, molybdenum (Mo), a molybdenum alloy, a
chrome oxide (CrOx), a molybdenum oxide (MoOx), and
combinations thereof

4. The organic light emitting display as claimed in claim 1,
wherein the auxiliary electrode comprises a material with a
lower specific resistance than a material for the cathode elec-
trode.

5. The organic light emitting display as claimed in claim 1,
wherein the transparent conductive layer comprises indium
tin oxide (ITO).

6. The organic light emitting display as claimed in claim 1,
wherein the transparent conductive layer contacts the cathode
electrode at the non-emission regions between the pixels.

10

15

20

25

30

35

40

45

50

55

60

65

6

7. The organic light emitting display as claimed in claim 1,
wherein the organic light emitting diode comprises a light
emission layer for emitting a red light, a green light, or a blue
light.

8. The organic light emitting display as claimed in claim 1,
wherein the organic light emitting diode comprises a light
emission layer for emitting a white light.

9. The organic light emitting display as claimed in claim 8§,
further comprising red color filters, green color filters, and
blue color filters respectively located at openings of the aux-
iliary electrode to correspond to the pixels.

10. An organic light emitting display comprising:

a first substrate having a plurality of pixels located thereon,
each of the pixels comprising an organic light emitting
diode comprising a light emission layer for emitting a
white light, wherein a cathode electrode of the organic
light emitting diode comprising a transparent material is
located on substantially an entire area of the pixels;

a second substrate having a mesh-type auxiliary electrode
located thereon at a side facing the pixels, the mesh-type
auxiliary electrode corresponding to non-emission
regions between the pixels and electrically connected to
the cathode electrode;

red color filters, green color filters, and blue color filters
respectively located at openings of the auxiliary elec-
trode to correspond to the pixels; and

a transparent conductive layer on the auxiliary electrode
and the color filters and contacting the cathode electrode
to electrically connect the auxiliary electrode to the cath-
ode electrode,

wherein the transparent conductive layer contacts substan-
tially an entire area of the auxiliary electrode and the
color filters facing the first substrate.

11. An organic light emitting display comprising:

a first substrate;

a second substrate facing the first substrate with a gap
therebetween;

a plurality of organic light emitting diodes (OLEDs) on the
first substrate, the OLEDs sharing a common electrode
comprising a substantially transparent material, each of
the OLEDs comprising a pixel electrode and a light
emission layer between the pixel electrode and the com-
mon electrode;

a plurality of thin film transistors on the first substrate and
electrically connected to the OLEDs;

an auxiliary electrode on the second substrate at non-emis-
sion regions between the OLEDs and electrically con-
nected to the common electrode to reduce a resistance
across the common electrode; and

a transparent conductive layer contacting an entire area of
the second substrate exposed by the auxiliary electrode
and contacting the common electrode to electrically
connect the auxiliary electrode to the common elec-
trode.

12. The organic light emitting display of claim 11, wherein
the auxiliary electrode is a mesh-type electrode having open-
ings corresponding to the OLEDs.

13. The organic light emitting display of claim 12, further
comprising a plurality of color filters at the openings of the
mesh-type electrode.

14. The organic light emitting display of claim 11, wherein
the transparent conductive layer is between the auxiliary elec-
trode and the common electrode.
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