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7) ABSTRACT

An organic light-emitting display device includes a substrate,
a first electrode on the substrate, the first electrode including
areflection film, a hole injection layer on the first electrode, a
hole transport layer on the hole injection layer, an emission
layer on the hole transport layer, an electron injection trans-
port layer on the emission layer, a second electrode on the
electron injection transport layer, the second electrode
including a semi-transmissive reflective material, and a con-
trol layer positioned between a lower surface of the hole
injection layer and an upper surface of the hole transport
layer, the control layer including an organic material and
having a refractive index lower than that of an adjacent layer.
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FIG. 3
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

BACKGROUND

[0001] 1.Field

[0002] Example embodiments relate to an organic light-
emitting display device and a method of manufacturing the
same. More particularly, example embodiments relate to an
organic light-emitting display device having improved light
coupling efficiency and a method of manufacturing the
organic light-emitting display device.

[0003] 2. Description of the Related Art

[0004] Light efficiency of organic light-emitting display
devices s classified into internal efficiency and external effi-
ciency. The internal efficiency relies on photoelectric conver-
sion efficiency of an organic light-emitting material, and the
external efficiency, i.e., light coupling efficiency, depends on
each refractive index of each layer of the organic light-emit-
ting display device.

[0005] The organic light-emitting display devices can be
classified into a top emission type and a bottom emission type
according to a light emitting direction. In the top emission
type organic light-emitting display device, an image is dis-
played in a direction directed away from a substrate on which
an organic light-emitting diode is formed. The top emission
type organic light-emitting display device may have a greater
aperture ratio than that of the bottom emission type organic
light-emitting display device, i.e., a device in which an image
is displayed toward a substrate on which an organic light-
emitting diode is formed, and thus may have higher light
emission efficiency.

[0006] In the top emission type organic light-emitting dis-
play device, a transparent cathode is formed in an uppermost
portion of the organic light-emitting display device. However,
amaterial for forming the cathode may be limited due to alow
work function of the cathode, i.e., a basic characteristic of the
cathode, thereby limiting light efficiency of the organic light-
emitting display device.

SUMMARY

[0007] Embodiments are directed to an organic light-emit-
ting display device and a method of manufacturing the same,
which substantially overcome one or more of the problems
due to the limitations and disadvantages of the related art.
[0008] TItis therefore a feature of an embodiment to provide
an organic light-emitting display device with a structure
capable of enhancing brightness by improving light coupling
efficiency.

[0009] It is therefore another feature of an embodiment to
provide a method of manufacturing an organic light-emitting
display device with a structure capable of enhancing bright-
ness by improving light coupling efficiency.

[0010] At least one of the above and other features and
advantages may be realized by providing an organic light-
emitting display device including a substrate, a first electrode
on the substrate, the first electrode including a reflection film,
a hole injection layer on the first electrode, a hole transport
layer on the hole injection layer, an emission layer on the hole
transport layer, an electron injection transport layer on the
emission layer, a second electrode on the electron injection
transport layer, the second electrode including a semi-trans-
missive reflective material, and a control layer positioned
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between an upper surface of the hole injection layer and a
lower surface of the hole transport layer, the control layer
including an organic material and having a refractive index
lower than that of an adjacent layer.

[0011] The control layer may be within the hole injection
layer. The hole injection layer may include a first hole injec-
tion layer and a second hole injection layer, and the control
layer may be interposed between the first hole injection layer
and the second hole injection layer.

[0012] The control layer may be interposed between the
hole injection layer and the hole transport layer.

[0013] The control layer may be within the hole transport
layer. The hole transport layer may include a first hole trans-
port layer and a second hole transport layer, and the control
layer may be interposed between the first hole transport layer
and the second hole transport layer.

[0014] Animage may bedisplayed from the emission layer
toward the second electrode.

[0015] At least one of the above and other features and
advantages may also be realized by providing a method of
manufacturing an organic light-emitting display device, the
method including forming a first electrode including a reflec-
tion film on a substrate, forming a hole injection layer on the
first electrode, forming a hole transport layer on the hole
injection layer, forming an emission layer on the hole trans-
port layer, forming an electron injection transport layer on the
emission layer, forming a second electrode formed of a semi-
transmissive reflective material on the electron injection
transport layer, and forming a control layer that has a refrac-
tive index lower than that of the adjacent layer and is formed
of an organic material, during the formation of at least one
from among the hole injection layer and the hole transport
layer or after forming the hole injection layer.

[0016] The hole injection layer may include a first hole
injection layer and a second hole injection layer, and the
control layer may be formed between the forming of the first
hole injection layer and the forming of the second hole injec-
tion layer.

[0017] The control layer may be formed between the form-
ing of the hole injection layer and the forming of the hole
transport layer.

[0018] The hole transport layer may include a first hole
transport layer and a second hole transport layer, and the
control layer may be formed between the forming of the first
hole transport layer and the forming of the second hole trans-
port layer.

[0019] The forming ofthe control layer may include depos-
iting an organic material for forming the control layer on a
substrate when the substrate is inclined at an acute angle with
respect to a depositing direction.

BRIEF DESCRIPTION

[0020] The above and other features and advantages will
become more apparent to those of ordinary skill in the art by
describing in detail exemplary embodiments with reference
to the attached drawings, in which:

[0021] FIG. 1 illustrates a schematic cross-sectional view
of a top emission type organic light-emitting display device
according to an embodiment;

[0022] FIG. 2 illustrates a schematic cross-sectional view
of a top emission type organic light-emitting display device
according to another embodiment; and
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[0023] FIG. 3 illustrates a schematic cross-sectional view
of a top emission type organic light-emitting display device
according to another embodiment.

DETAILED DESCRIPTION

[0024] Korean Patent Application No. 10-2010-0016663,
filed on Feb. 24, 2010, in the Korean Intellectual Property
Office, and entitled: “Organic Light-Emitting Display Device
and Method of Manufacturing the Same,” is incorporated by
reference herein in its entirety.

[0025] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
[0026] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

[0027] FIG. 1 illustrates a schematic cross-sectional view
of an organic light-emitting display device according to an
embodiment. Referring to FIG. 1, the organic light-emitting
display device may include a substrate 1 and a first electrode
2 formed on the substrate 1. The first electrode 2 may include
a reflection film 22 and an anode 21.

[0028] The substrate 1 may be formed of, e.g., glass, plas-
tic, or metal foil. When the substrate 1 is formed of metal foil,
an insulating layer may be formed on the substrate 1 so as to
insulate the first electrode 2 from the substrate 1. Further, a
pixel circuit (not shown) including a thin film transistor (TFT)
may be formed between the substrate 1 and the first electrode
2

[0029] The reflection film 22 of the first electrode 2 may be
formed of a metal having a high optical reflectivity, e.g.,
aluminum (Al), silver (Ag), magnesium (Mg), or the like. The
anode 21 of the first electrode 2 may be formed of a material
having a high (absolute value) work function, e.g., indium tin
oxide (ITO), indium zinc oxide (IZ0), In,O,, or the like. The
reflection film 22 and anode 21 may be sequentially stacked
on the substrate 1, but other configurations are within the
inventive scope, e.g., an ohmic contact layer formed of the
same material as an anode may be formed under the reflection
film 22 to be electrically connected to the TFT in the pixel
circuit.

[0030] As illustrated in FIG. 1, the organic light-emitting
display device may further include a second electrode 4 fac-
ing the first electrode 2. The second electrode 4, e.g., a cath-
ode, may be formed of a low work function (absolute value)
metal alloy having high-conductivity, e.g., one or more of Ag,
Mg, Al, platinum (Pt), palladium (Pd), gold (Au), nickel (Ni),
neodymium (Nd), iridium (Ir), chromium (Cr), lithium (Li) or
calcium (Ca), or may be formed in a stacked structure. The
second electrode 4 may include a thin film formed of any one
of the above metals, thus forming a semi-transmissive reflec-
tion film.
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[0031] The organic light-emitting display device may
include an organic layer 3 (FIG. 2) between the first electrode
2 and the second electrode 4. Referring to FIG. 1, the organic
layer 3 may include an emission layer (EML) 33, and a hole
injection layer (HIL) 31 and a hole transport layer (HTL) 32
that are formed between the emission layer 33 and the first
electrode 2. Further, the organic layer 3 may include an elec-
tron injection transport layer 34 having an electron injection
layer (EIL) 341 and an electron transport layer (ETL) 342
between the emission layer 33 and the second electrode 4.

[0032] According to the current embodiment, the HIL 31
may include a first HIL, 311 and a second HIL 312, and may
be formed on the first electrode 2. For example, the first HIL
311 may be formed between the first electrode 2 and the
second HIL 312. In other words, a lower surface 31a of the
HIL 31 may be a lower surface of the first HIL, 311 and may
beon, e.g., directly on, the anode 21, and an upper surface 316
of the HIL 31 may be an upper surface of the second HIL. 312
and may, e.g.. directly, contact the HTL 32.

[0033] The HTL 32 may be formed on the HIL 31, e.g., on
the second HIL 312, and the EML 33 may be formed on the
HTL 32. The ETL 342 may be formed on the EML 33, and the
EIL 341 may be formed on the ETL 342. In other words, the
HTL 32, EML 33, ETL 342, and EIL 341 may be formed
sequentially on the second HIL 312.

[0034] The HIL 31 including the first HIL 311 and the
second HIL 312 may be formed of a phthalocyanine com-
pound, e.g., copper phthalocyanine (CuPc), or TCTA, m-MT-
DATA, or m-MTDAPB, which is a starburst amine-based
material. The HTL 32 may be formed of, e.g., N,N'-bis(3-
methylphenyl)-N,N'-diphenyl-[ 1,1-biphenyl]-4,4'-diamine
(TPD), N,N'-di(naphthalene-1-y1)-N,N'-diphenyl benzidine
(a-NPD), or the like. The EIL 341 may be formed of, e.g.,
LiF, NaCl, CsF, Li,0, BaO, Liq, or the like. The ETL 342 may
be formed of, e.g., Alg3.

[0035] A hole blocking layer (HBL) composed of a hole
blocking material may be selectively formed between the
EML 33 and the ETL 342. The hole blocking material is not
particularly limited, but may have an electron-transport abil-
ity and an ionization potential higher than a light-emitting
compound. For example, the hole blocking material may be
Balg, BCP, TPBI or the like.

[0036] The EML 33 may include a host material and a
dopant material. Examples of the host material may include
tris 8-hydroxy-quinolinato)aluminum (Alg3, 9,10-di(naphth-
2-yl)anthracene (AND), 3-tert-butyl-9,10-di(naphth-2-ylan-
thracene (TBADN), 4,4'-bis 2,2-diphenyl-ethene-1-y1)-4.4'-
dimethylphenyl (DPVBi), 4,4'-bis 2,2-diphenyl-ethene-1-
yl)-4.4'-dimethylphenyl ~ (p-DMDPVBi),  tert  9.9-
diarylfluorene)s (TDAF), 2-9,9'-spirobifluorene-2-y1)-9,9'-
spirobifluorene(BSDF), 2,7-bis 9,9'-spirobifluorene-2-y1)-9,
9'-spirobifluorene (TSDF), bis 9,9-diarylfluorene)s (BDAF),
4 4'-bis 2,2-diphenyl-ethene-1-yl)-4.4"-di-(tert-butyl)phenyl
(p-TDPVBI), 1,3-bis(carbazol-9-yl)benzene (mCP), 1,3,5-
tris(carbazol-9-yl)benzene (tCP), 4,4',4"-tris(carbazol-9-yl)

triphenylamine  (TcTa), 4,4"-bis(carbazol-9-yl)biphenyl
(CBP), 44'-bis  9-carbazolyl)-2,2'-dimethyl-biphenyl
(CBDP), 4 4'-bis(carbazol-9-y1)-9,9-dimethyl-fluorene

(DMFL-CBP), 4,4'-bis(carbazol-9-y1)-9,9-bis 9-phenyl-9H-
carbazol)fluorene (FL-4CBP), 4.4'-bis(carbazol-9-y1)-9,9-
di-tolyl-fluorene (DPFL-CBP), 9,9-bis 9-phenyl-9H-carba-
zoD)fluorene (FL-2CBP), etc. Examples of the dopant
material may include DPAVBI 4,4'-bis[4-(di-p-tolylamino)



US 2011/0204342 Al

styryl]biphenyl), ADN  9,10-di(naph-2-tyl)anthracene),
TBADN 3-tert-butyl-9,10-di(naph-2-tyl Janthracene), etc.
[0037] As further illustrated in FIG. 1, a transparent passi-
vation layer 5 formed of a transparent insulating material may
be formed on the second electrode 4. A sealing substrate 6
may be spaced apart from the transparent passivation layer §
with a predetermined gap 7 therebetween. The sealing sub-
strate 6 may be formed of a glass ora plastic and bonded to the
substrate 1 using a sealant (not shown). It is noted that the
organic light-emitting display device according to example
embodiments is a top emission type in which an image is
displayed toward the sealing substrate 6 (in the direction of
the arrow in FIG. 1).

[0038] Further, according to the current embodiment, the
organic light-emitting display device may include a control
layer 35 between the first HIL, 311 and the second HIL 312.
For example, the first HIL 311, the control layer 35, and the
second HL. 312 may be sequentially formed on the anode 21.
Inother words, the control layer 35 may be formed within the
HIL 31, i.e., between the lower and upper surfaces 31a and
315 of the HIL 31. For example, the control layer 35 may be
a continuous layer in direct contact with both the first and
second HILs 311 and 312.

[0039] The control layer 35 may be formed of a material,
e.g., organic material, having a refractive index lower than
that of the first HIL 311 or the second HIL 312. For example,
the control layer 35 may be formed of a material having a low
refractive index, e.g., Alq3.

[0040] In another example, the control layer 35 may be
formed by depositing a hole injection material through a
method for decreasing a refractive index of the hole injection
material. For example, the hole injection material may be
deposited on the first hole injection layer 311 by inclining the
substrate 1 at a predetermined acute angle with respect to a
depositing direction. Then, even though the control layer 35 is
formed of the same material as the adjacent first hole injection
layer 311 and the second hole injection layer 312, the control
layer 35 may have arefractive index lower than that of the first
hole injection layer 311 or the second hole injection layer
312.

[0041]  As such, the control layer 35 having a low refractive
index may be formed between the first HIL 311 and the
second HIL 312, so that an optical resonance effect between
the first electrode 2 and the second electrode 4 may be maxi-
mized. Further, a distance D between the reflection film 22
and the second electrode 4 may be adjusted to satisfy a reso-
nance condition.

[0042] To obtain the resonance condition, when a wave of
light forms a node at surfaces of the reflection film 22 and the
second electrode 4, a stationary wave can be generated.
Accordingly, a condition for forming the node is obtained by
Equation 1 below, where n denotes a refractive index of a film,
d denotes a thickness of a film in which the node is formed,
and m denotes a natural number.

d

Dond=

n

Equation 1
mm=1,2,3...)

o1 >

[0043] In general, the resonance condition may have some
ranges in the above Equation 1 by an image dipole or other
conditions. Accordingly, the thickness of the film satisfying
the resonance condition, i.e., distance D between the reflec-
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tion film 22 and the second electrode 4, may have a range as
given by Equation 2 below, where m denotes a natural number
and A denotes a wavelength of light,

<D< A N A Equation 2
<D< m+—
2 10

m—

ST
=l

[0044] The thickness of each layer of the organic layer 3
may be adjusted to meet the distance D. In particular, the
control layer 35 may be formed so that efficiency of light
moving from the EML 33 toward the reflection film 22 is
increased, thereby maximizing the resonance effect of the
entire organic light-emitting display device.

[0045] FIG. 2 illustrates an organic light-emitting display
device according to another embodiment. The organic light-
emitting display device in FIG. 2 is substantially the same as
that in FIG. 1, with the exception of having a HIL 31' with a
single-layered structure.

[0046] Inparticular, referring to FIG. 2, as both the HIL 31
and the HTL 32 are single layered, the control layer 35 may be
formed between, e.g., directly between, the HIL 31' and the
HTL 32. As described above, the control layer 35 may be
formed of a material, having a refractive index lower than that
of the HIL 31' or the HTL 32.

[0047] For example, the control layer 35 may be formed of
Alq3. In another example, the control layer 35 may be formed
of the same material as the HIL, 31" or the HTL 32, and during
deposition of the control layer 35, a depositing surface may be
inclined with respect to a depositing direction to decrease the
refractive index of the control layer 35.

[0048] FIG. 3 illustrates an organic light-emitting display
device according to another embodiment. The organic light-
emitting display device in FIG. 3 is substantially the same as
that in FIG. 2, with the exception of having a multi-layered
HTL 32"

[0049] In particular, referring to FIG. 3, the HIL 31' may
have a single-layered structure, and the HTL 32' may include
a first hole transport layer 321 and a second hole transport
layer 322. The control layer 35 may be formed between the
first HTL 321 and the second HTL 322. In other words, the
HIL 31, the first HTL 321, the control layer 35, the second
HTL 322, and the EML 33 may be formed sequentially on the
anode 21. That is, the control layer 35 may be formed within
the HTL 32, i.e., between lower and upper surfaces 32a' and
320" of the HTL 32' that are facing respectively the first and
second electrodes 2 and 4. As described above, the control
layer 35 may be formed of'a material having a refractive index
lower than that of the HTL 321 or the second HTL 322.
[0050] For example, the control layer 35 may be formed of
Alg3. In another example, the control layer 35 may be formed
of the same material as the HTL 32, and during deposition of
the control layer 35, a depositing surface may be inclined with
respect to a depositing direction to decrease the refractive
index of the control layer 35.

[0051] According to example embodiments, a control layer
may be formed between a EML and a first electrode, e.g.,
between a lower surface of a HIL and an upper surface of a
HTL, so that light coupling efficiency may be increased by
maximizing the resonance effect of the entire organic light-
emitting display device, thereby improving brightness of the
organic light-emitting display device. Therefore, even if a
transparent cathode exhibits low light transmission due to its



US 2011/0204342 Al

low work function metal, light efficiency of the organic light-
emitting display device may be improved.

[0052] In particular, as described previously, the control
layer may have a single-layered structure positioned at one
place, and an organic layer, i.e., a HTL and a HIL, may be
formed between the EML and the first electrode. However,
example embodiments are not limited thereto, and thus, the
number of organic layers between the EML and the first
electrode may be increased or decreased. In this case, the
organic layers may form a multi-layered structure and may be
positioned in any location of the organic layer. However, in
this case, the layers need to have a refractive index lower than
that of the organic layer contacting the control layer.

[0053] Exemplary embodiments have been disclosed
herein, and although specific terms are employed, they are
used and are to be interpreted in a generic and descriptive
sense only and not for purpose of limitation. Accordingly, it
will be understood by those of ordinary skill in the art that
various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

What is claimed is:

1. An organic light-emitting display device, comprising:

a substrate;

a first electrode on the substrate, the first electrode includ-

ing a reflection film;

a hole injection layer on the first electrode;

a hole transport layer on the hole injection layer;

an emission layer on the hole transport layer;

an electron injection transport layer on the emission layer;

a second electrode on the electron injection transport layer,

the second electrode including a semi-transmissive
reflective material; and

a control layer positioned between an upper surface of the

hole injection layer and a lower surface of the hole
transport layer, the control layer including an organic
material and having a refractive index lower than that of
an adjacent layer.

2. The organic light-emitting display device as claimed in
claim 1, wherein the control layer is within the hole injection
layer.

3. The organic light-emitting display device as claimed in
claim 2, wherein the hole injection layer includes a first hole
injection layer and a second hole injection layer, the control
layer being between the first and second hole injection layers
and having a refractive index lower than that of the first and
second hole injection layers.

4. The organic light-emitting display device as claimed in
claim 1, wherein the control layer is directly between the hole
injection layer and the hole transport layer.
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5. The organic light-emitting display device as claimed in
claim 1, wherein the control layer is within the hole transport
layer.

6. The organic light-emitting display device as claimed in
claim 5, wherein the hole transport layer includes a first hole
transport layer and a second hole transport layer, the control
layer being between the first and second hole transport layers
and having a refractive index lower than that of the first and
second hole transport layers.

7. The organic light-emitting display device as claimed in
claim 1, wherein an image is displayed from the emission
layer toward the second electrode.

8. A method of manufacturing an organic light-emitting
display device, the method comprising:

forming a first electrode having a reflection film on a sub-

strate;

forming a hole injection layer on the first electrode;

forming a hole transport layer on the hole injection layer;

forming an emission layer on the hole transport layer;
forming an electron injection transport layer on the emis-
sion layer;
forming a second electrode on the electron injection trans-
port layer of a semi-transmissive reflective material; and

forming a control layer between a lower surface of the hole
injection layer and an upper surface of the hole transport
layer, the control layer including an organic material and
having a refractive index lower than that of an adjacent
layer.

9. The method as claimed in claim 8, wherein forming the
hole injection layer includes forming a first hole injection
layer and a second hole injection layer, the control layer being
formed between the first and second hole injection layers and
having a refractive index lower than that of the first and
second hole injection layers.

10. The method as claimed in claim 8, wherein the control
layer is formed directly between the hole injection layer and
the hole transport layer.

11. The method as claimed in claim 8, wherein forming the
hole transport layer includes forming a first hole transport
layer and a second hole transport layer, the control layer being
formed between the first and second hole transport layers and
having a refractive index lower than that of the first and
second hole transport layers.

12. The method as claimed in claim 8, wherein forming the
control layer includes depositing an organic material for
forming the control layer on a substrate, while the substrate is
being inclined at an acute angle with respect to a depositing
direction.

13. The method as claimed in claim 8, wherein the control
layer is formed during formation of the hole injection layer or
the hole transport layer.

k& ok k%



RiES

[ i (S RIR) A ()

RIB(ERR)AGE)

HERB(ERR)AE)

FRI&RBHA

RHAA

S EREESE

BEG®)

—RMAENALETRE , BFEER , ERENE—BR , STERHEN
BB, F-BRENZEIVEAER
RETERE  RABRENBRFIAERRE B FEAERELNES
B, BREFESRAMENEZER , AU TEIOEABRN TREZ
HEESEMNZE M EREN ERE , 2HEEEAVMR T BSRE

TSRS E,

BNAKEREEREHES

US20110204342A1

US12/929895

JEONG HEE SEONG
PARK SOON RYONG
JUNGE%

JEONG HEE SEONG
PARK SOON-RYONG
JUNGE%

JEONG HEE SEONG
PARK SOON-RYONG
JUNGE%

JEONG HEE SEONG
PARK SOON RYONG
JUNG WOO SUK

JEONG, HEE-SEONG
PARK, SOON-RYONG
JUNG, WOO-SUK

HO1L51/52 HO1L51/56

patsnap

2011-08-25

HiEA 2011-02-23

HO1L51/50 HO1L51/5004 HO1L51/5048 HO1L2251/5315 HO1L51/5218 H01L51/5234 HO1L51/5265

HO1L51/5088
1020100016663 2010-02-24 KR
uS8530888

Espacenet USPTO

ZIVEAR ENZERERE ,

0 e

e 2 }2

Y 0),00,00, ) 00,00,00,00,00,00 €14, )00,
et o

q— 22

41

- -



https://share-analytics.zhihuiya.com/view/6111daf4-53de-47bf-9973-d15f07f8cbd0
https://worldwide.espacenet.com/patent/search/family/044475745/publication/US2011204342A1?q=US2011204342A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110204342%22.PGNR.&OS=DN/20110204342&RS=DN/20110204342

