US 20140353604A1

a9y United States

12 Patent Application Publication (o) Pub. No.: US 2014/0353604 A1

OH et al.

(43) Pub. Date: Dec. 4, 2014

(54)

(1)

(72)

(73)

1)
(22)

ORGANIC LIGHT EMITTING DEVICE
HAVING A BULK LAYER COMPRISING A
FIRST AND SECOND MATERIAL

Applicant:

Inventors:

Assigree:

Appl. No.:

Filed:

Samsung Display Co., Ltd.,
Yongin-City (KR)

I1-Soo OH, Yongin-City (KR);
Chang-Ho LEE, Yongin-City (KR);
Hee-Joo KO, Yongin-City (KR); Se-Jin
CHO, Yongin-City, Gyeonggi-Do (KR);
Hyung-Jun SONG, Yongin-City (KR);
Jin-Young YUN, Yongin-City (KR);
Bo-Ra LEE, Yongin-City (KR);
Young-Woo SONG, Yongin-City (KR)

Samsung Display Co., Litd.,
Yongin-City (KR)

14/052,353

Oct. 11, 2013

(30) Foreign Application Priority Data

May 30,2013 (KR) .o 10-2013-0062056

Publication Classification

(51) Int.CL
HOIL 51/52

(52) US.CL
CPC

(2006.01)

HO1L 51/5212 (2013.01)
............................................................ 257/40

(57) ABSTRACT

Disclosed is an organic light emitting diode device including
an anode, a cathode, an emission layer between the anode and
the cathode, and a buffer layer positioned between the emis-
sion layer and the anode. The buffer layer includes an oxide,
fluoride, quinolate, or acetoacetate compound of an alkaline
metal or an alkaline-earth metal, as well as a material having
awork function of about 2.6 to about 4.5 eV. The buffer layer
also has a thickness of about 30 A to about 400 A.
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ORGANIC LIGHT EMITTING DEVICE
HAVING A BULK LAYER COMPRISING A
FIRST AND SECOND MATERIAL

[0001] This application claims priority to, and the benefit
of, Korean Patent Application No. 10-2013-0062056 filed in
the Korean Intellectual Property Office on May 30, 2013, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Aspects of the disclosure relate generally to organic
light emitting diode devices. More specifically, aspects of the
disclosure relate to organic light emitting diode devices hav-
ing improved transmittance.

[0004] 2. Description of the Related Art

[0005] As organic light emitting diode devices have good
light emitting characteristics and do not require separate light
sources unlike liquid crystal displays (LCDs), such devices
can be used in producing thinner, lighter-weight displays.
And since an organic light emitting diode device exhibits
desirable characteristics such as low power consumption,
high luminance, high reaction speed, and the like, it is often a
desirable candidate for use in next generation display devices.
[0006] An organic light emitting diode device includes a
plurality of organic light emitting elements each having a hole
injection electrode, an organic emission layer, and an electron
injection electrode. In the organic emission layer, light emis-
sion is achieved by energy released when excitons generated
by combination of electrons and holes drop from the exited
state to the ground state, and the organic light emitting diode
device forms an image therewith.

SUMMARY

[0007] Oneembodiment provides a large-area organic light
emitting diode device having improved performance.

[0008] According to one embodiment, an organic light
emitting diode device includes an anode, a cathode, an emis-
sion layer between the anode and the cathode, and a buffer
layer positioned between the emission layer and the anode.
The buffer layer comprises a first material including an oxide,
fluoride, quinolate, or acetoacetate of an alkaline metal or an
alkaline-earth metal, as well as a second material having a
work function of about 2.6 to about 4.5 eV. The buffer layer
further has a thickness of about 30 A to about 400 A.

[0009] The buffer layer may have amounts of the first mate-
rial and the second material in a weight ratio having a range
from about 1:4 to about 4:1.

[0010] The second material may include any one or more of
ytterbium (Yb), aluminum (Al), silver (Ag), and magnesium
Mg).

[0011] The first material may include at least one of LiF,
NaF, NaCl, CsF, Li,0, BaO, and lithium quinolate.

[0012] The organic light emitting diode device may further
include a hole injection layer (HIL) doped with P-type mate-
rial, the HIL being positioned between the buffer layer and the
emission layer.

[0013] The anode may be a transparent conductive layer
comprising one or more of a transparent conductive oxide,
and a semi-transparent conductive layer having a thickness of
about 8 nm to about 30 nm and including aluminum (Al), an
aluminum-alloy (Al-alloy), silver (Ag), a silver-alloy (Ag-
alloy).
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[0014] The organic light emitting diode device may further
include at least one organic layer selected from a hole injec-
tion layer (HIL), a hole transport layer (HTL), an electron
blocking layer (EBL), a hole blocking layer (HBL), an elec-
tron transport layer (ETL), and an electron injection layer
(EIL).

[0015] The organic light emitting diode device has
improved luminous efficiency and driving characteristics,
and the anode may be manufactured by sputtering so as to
reduce damage incurred during manufacture of large-area
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 11is a schematic cross-sectional view showing
an organic light emitting diode device according to one
embodiment, and

[0017] FIG. 2 shows light absorption rates of organic light
emitting diode devices according to Example 1 and Compara-
tive Example 4.

DETAILED DESCRIPTION

[0018] Hereinafter, the present invention will be described
more fully hereinafter with reference to the accompanying
drawings, in which exemplary embodiments of the 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.

[0019] A parthaving no relationship with the description is
omitted for clarity, and the same or similar constituent ele-
ment is indicated by the same reference numeral throughout
the specification. A layer described as being “on” another
layer may be positioned directly on or contacting thatlayer, or
may be positioned so that one or more intervening lavers may
be present.

[0020] The size and thickness of each constituent element
as shown in the drawings can be exaggerated for better under-
standing and ease of description, and the present invention is
not necessarily limited as shown. The various drawings are
not necessarily to scale. All stated numerical values are
approximate, and may vary.

[0021] Hereinafter, an organic light emitting diode device
according to one embodiment of the present invention is
described with reference to FIG. 1.

[0022] FIG. 1 is a schematic cross-sectional view of an
organic light emitting diode device according to one embodi-
ment. As shown in FIG. 1, the organic light emitting diode
device includes a substrate 100, a lower electrode 200 formed
on the substrate 100, an emission layer 206 formed on the
lower electrode 200, a buffer layer 212 formed on the emis-
sion layer 206, and an upper electrode 214 formed on the
buffer layer 212.

[0023] One of the lower electrode 200 and upper electrode
214 may be an anode and the other one may be a cathode. For
example, the lower electrode 200 may be a cathode and the
upper electrode 214 may be an anode.

[0024] The buffer layer 212 includes an oxide, fluoride,
quinolate, or acetoacetate of an alkaline metal or an alkaline-
earth metal, and material having a work function of about 2.6
to about 4.5 eV.

[0025] The buffer layer 212 includes a material having
transmittance, and may improve luminous efficiency.
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[0026] The buffer layer 212 may have a thickness of about
30 A to about 400 A. Since the buffer layer 212 is relatively
thin, driving characteristics may be improved. Also, this
thickness range may help reduce damage to the organic mate-
rial of underlying organic layers while also improving the
efficiency of the organic light emitting diode device.

[0027] The buffer layer 212 includes a material having a
relatively low work function, and thus makes electron injec-
tion into an emission layer easy. This improves light trans-
mittance by decreasing a refractive index and an absorption
rate in a visible wavelength region.

[0028] Specific examples of the oxide, fluoride, quinolate,
or acetoacetate of an alkaline metal or an alkaline-earth metal
may include LiF, NaF, NaCl, CsF, Li,0, BaO, lithium quino-
late, or any combination thereof, but are not limited thereto.
The buffer layer 212 may be made of any suitable material.
[0029] The material having a work function of about 2.6 to
about 4.5 eV may be specifically ytterbium (Yb), aluminum
(Al), silver (Ag), magnesium (Mg), and/or a combination
thereof such as an alloy of magnesium and silver (Mg/Ag),
but is not limited thereto.

[0030] The buffer layer 212 may protect organic materials
included in an organic light emitting diode device from dam-
age during sputtering, since the organic materials may be
decomposed during sputtering. For example, the buffer layer
212 is present before the upper electrode 214 is formed, and
thus may prevent the organic materials of underlying organic
layers from incurring damage when the upper electrode 214 is
sputtered. In this way, since the buffer layer decreases the
sputtering damage, the upper electrode may be formed
through a sputtering process when a large-area device is
manufactured.

[0031] The buffer layer 212 may include the oxide, fluo-
ride, quinolate, or acetoacetate compound of an alkaline
metal or an alkaline-earth metal, and the material having a
work function of about 2.6 to about 4.5 eV, in a weight ratio
from about 1:4 to about 4:1. The buffer layer 212 includes a
material having a work function ranging from about 2.6 to
about 4.5 eV and an oxide, fluoride, quinolate, or acetoacetate
of an alkaline metal or an alkaline-earth metal. It thus may
have a lower dielectric constant (K) and. in addition, an
appropriate dielectric constant (K) when the materials are
included within the above ratio, and therefore may lower an
absorption rate and achieve a desirable degree of luminous
efficiency. The buffer layer 212 may have a dielectric constant
(K) of, for example, less than or equal to about 0.1.

[0032] The upper electrode 214 may be a transparent con-
ductive layer or a semi-transparent conductive layer. The
transparent conductive layer may be an electrode made of, for
example, a transparent conductive oxide, and the transparent
conductive oxide may be an electrode made of, for example,
indium tin oxide (ITO), indium zinc oxide (IZO), or the like.
The semi-transparent conductive layer may be a thin metal
layer, for example aluminum (Al), an aluminum-alloy (Al-
alloy), silver (Ag), a silver-alloy (Ag-alloy), or acombination
thereof, and may have a thickness of about 8 nm to about 30
nm.

[0033] The emission layer 206 may be made of an organic
material emitting one light among primary colors such as red,
green, blue, and the like, or a mixture of an inorganic material
with the organic material, for example, a polyfluorene deriva-
tive, a (poly)paraphenylenevinylene derivative, a polyphe-
nylene derivative, a polyfluorene derivative, polyvinylcarba-
zole, a polythiophene derivative or a compound prepared by
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doping these polymer materials with a perylene-based pig-
ment, a cumarine-based pigment, a rothermine-based pig-
ment, rubrene, perylene, 9,10-diphenylanthracene, tetraphe-
nylbutadiene, Nile red, coumarin, quinacridone, and the like.
An organic light emitting diode device displays a desired
image by a spatially-distributed combination of primary col-
ors emitted by an emission layer therein.

[0034] The organic light emitting diode device may include
any one or more of an electron transport layer (ETL) and a
hole transport layer (HTL) in order to adjust balance electrons
and holes between the emission layer 206 and buffer layer
212 or the emission layer 206 and lower electrode 200, as well
as an electron injection layer (EIL) and a hole injection layer
(HIL) in order to enforce injection of electrons and holes.
[0035] FIG. 1 shows an organic light emitting diode device
that has the charge transport layer 208 and the charge injec-
tion layer 210 stacked on the emission layer 206, and the
buffer layer 212 stacked thereon. In addition, the organic light
emitting diode device of F1G. 1 includes the charge injection
layer 202 and the charge transport layer 204 stacked on the
lower electrode 200, and the emission layer 206 stacked
thereon. The charge transport layers 204 and 208, and the
charge injection layers 202 and 210, may be differently
stacked depending on an anode and a cathode. For example,
when the lower electrode 200 is a cathode and the upper
electrode 214 is an anode, the charge injection layer 202, the
charge transport layer 204, the charge transport layer 208, and
the charge injection layer 210 may be respectively an electron
injection layer (EIL). an electron transport layer (ETL), a hole
transport layer (HTL), and a hole injection layer (HIL).
[0036] The charge injection layer 210 may include an
organic material doped with a P-type material, and may
improve driving voltage and luminous efficiency of an
organic light emitting diode device when included with the
above-described buffer layer 212. The organic material doped
with a P-type material may be a charge-injecting material
with a dopant having a substituent such as —F, —CN, and the
like having very high electron affinity. The charge-injecting
material may be electron-injecting material or hole-injecting
material. The dopant is used with the organic material and
increases charge carrier density as well as improving charge
injection ability.

[0037] Non-limiting examples of the charge-injecting
material may be copper phthalocyanine (CuPc) or Starburst-
type amines. Non-limiting examples of the charge transport
material may be 1,3,5-tricarbazolylbenzene, 4,4'-biscarba-
zolylbiphenyl, polyvinylcarbazole, m-biscarbazolylphenyl,
4 ,4"-biscarbazolyl-2,2"-dimethylbiphenyl, 4,4',4"-tri(N-car-
bazolyl)triphenylamine, 1,3,5-tri(2-carbazolylphenyl)ben-
zene, 1,3,5-tris(2-carbazolyl-5-methoxyphenyl)benzene, bis
(4-carbazolylphenyl)silane, N,N'-bis(3-methylphenyl)-N,N'-
diphenyl-[1,1-biphenyl]-4,4'diamine =~ (TPD),  N,N'-di
(naphthalen-1-y1)-N,N'-diphenyl benzidine (c-NPD), N,N'-
diphenyl-N,N'-bis(1-naphthyl)-(1,1'-biphenyl)-4,4'-diamine
(NPB), IDE320 (manufactured by Idemitsu Kosan Co., [.td.),
poly(9,9-dioctylfluorene-co-N-(4-butylphenyl)dipheny-
lamine) (TFB), or poly(9.9-dioctylfluorene-co-bis-N,N-phe-
nyl-1,4-phenylenediamine (PFB), and the like.

[0038] The substrate 100 may be made of a glass substrate,
a silicon wafer, a polymer film, and the like, and the lower
electrode 200 is formed on the substrate 100.

[0039] The lower electrode 200 may be a transparent con-
ductive layer or an opaque conductive layer. Transparent con-
ductive layer may be made of, for example, a transparent
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conductive oxide such as ITO, IZ0, and the like, and the
opaque conductive layer may be made of, for example a metal
such as aluminum (Al), copper (Cu), molybdenum (Mo),
silver (Ag), or a combination thereof. When the lower elec-
trode 200 is an opaque electrode, top emission (where light is
emitted toward the opposite side of the substrate) is realized,
while when the lower electrode 200 is transparent electrode,
both side emission where light is emitted toward the substrate
100 and opposite to the substrate 100 is realized.

[0040] Hereinafter, the present disclosure is illustrated in
more detail with reference to examples. However, these
examples are exemplary, and the present disclosure is not
limited thereto.

Manufacture of Organic Light Emitting Diode
Device

Example 1

[0041] A cathode was formed by stacking MgAg and pat-
terning it on a glass substrate, ahole injection layer (HIL) was
formed by depositing CuPc and F4-TCNQ on the cathode, a
hole transport layer (HTL) was formed by depositing NPB on
the hole injection layer (HIL), an emission layer was formed
through codeposition by doping Alq3 (tris_ 8-hydroxyquino-
line_aluminum) with 1 wt % of coumarin 6, and then an
electron transport layer (ETL) was formed on the emission
layer by depositing Bepq2. Subsequently, a 30 A thick buffer
layer was formed by depositing ytterbium (Yb) and LiF in a
ratio of 1:1 on the electron transport layer (ETL), and an
anode was formed on the buffer layer by codepositing silver
(Ag) and ytterbium (Yb) in a ratio of 14:1.

Example 2

[0042] An organic light emitting diode device was manu-
factured according to the same method as Example 1, except
for codepositing Yb and LiF in a ratio of 1:4 to form a buffer
layer.

Exaniple 3

[0043] An organic light emitting diode device was manu-
factured according to the same method as Example 1, except
for codepositing Ag and Yb in a ratio of 140:4 to form the
anode.

Comparative Example 1

[0044] An organic light emitting diode device was manu-
factured according to the same method as Example 1, except
for forming a 60 A-thick buffer layer by codepositing Ag and
Yb.
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Comparative Example 2

[0045] An anode was formed by stacking ITO on a glass
substrate and patterning it, a hole injection layer (HIL) was
formed on the anode by depositing CuPc, and a hole transport
layer (HTL) was formed thereon by depositing NPB, an emis-
sion layer was formed by codepositing Alg3 (tris_ 8-hydrox-
yquinoline_aluminum) doped with 1 wt % of coumarin 6, an
electron transport layer (ETL) was formed by depositing
Bepq2 thereon, and then an electron injection layer (EIL) was
formed by depositing lithium quinolate thereon. Then, a cath-
ode was formed by depositing Mg and silver (Ag).

Comparative Example 3

[0046] An anode was formed by depositing ITO and pat-
terning it on a glass substrate, ahole injection layer (HIL) was
formed on the anode by depositing CuPc, a hole transport
layer (HTL) was formed on the hole injection layer (HIL) by
depositing NPB, an emission layer was formed by codepos-
iting Alg3 (tris_ 8-hydroxyquinoline_aluminum) doped with
1 wt % of coumarin 6, an electron transport layer (ETL) was
formed on the emission layer by depositing Bepq2, and an
electron injection layer (EIL) was formed on the electron
transport layer (ETL) by depositing lithium quinolate. Sub-
sequently, a cathode was formed by depositing Mg and silver
(Ag).

Comparative Example 4

[0047] An organic light emitting diode device was manu-
factured according to the same method as Example 1, except
for forming a 2-layered Yb/LiF buffer layer by sequentially
depositing Yb and LiF after depositing an electron transport
layer (ETL).

Evaluation 1

[0048] The current-voltage-luminance (IVL) characteris-
tics of the organic light emitting diode devices according to
BExample 1 and Comparative Examples 1 and 2 were mea-
sured. The current and luminance of the organic light emitting
diode devices according to Example 1 and Comparative
Examples 1 and 2 were measured at each voltage by changing
a driving voltage using a power supplier measuring current
(Keithley 238 Current Source Measure Unit), and measuring
luminance (Photo Research PR650). The resulting TVL char-
acteristics are provided in the following Table 1.

TABLE 1

Driving  Current Current  Luminous Color

voltage  density  Luminance efficiency efficiency _ coordinate
Condition (V) (mAlem?) (nit) (Cd/A) (Im/W) X y  Efficiency/y
Ex. 1 45 131 632.8 4.8 3.4 0.131 0.064 75.784

6 577 2748.0 4.8 2.5 0.131 0.064 74.822

Comp. 5 10.6 581.4 55 3.5 0.101 0.175 31.515
Ex. 1 6.5 438 2411.0 55 2.7 0.101 0.175 31.573
Comp. 45 74 380.3 5.1 3.6 0.129 0.070 73.165
Ex.2 6 359 1782.0 5.0 2.6 0.129 0.070 70.852
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Evaluation 2

[0049] Color characteristics of the light emitting diode
devices according to Examples 1 to 3 and Comparative
Example 3 were measured. The light-emitting color charac-
teristics were measured by using a PR650 luminance meter
and Keithley 2400 source measurement unit.

TABLE 2
Red (R) Green (G) Blue (B)
R effi- Geffi- Beffi-  Expected W
R_x ciency G_x ciency B_x vciency efficiency

Ex. 1 0.668 374 0210 3521 0.055 942 28.1

Ex. 2 0.671 381 0213 550 0.059 932 28.5

Ex. 3 0.661 397 0215 347 0.062 984 29.5
Comp. 0.681 346 0197 555 0,060 100.1 29.0

Ex. 3

[0050] The organic light emitting diode devices according

to Examples 1 to 3 showed similar light-emitting color char-
acteristics and expected white efficiency to those of the
organic light emitting diode device according to Comparative
Example 3.

Evaluation 3

[0051] The light absorption rate of the organic light emit-
ting diode devices according to Example 1 and Comparative
Example 4 were measured by using a UV-visible spectrom-
eter (PerkinElmer® LAMBDA 1050/950/850 UV/Vis &
UVNis/NIR), and the results are provided in FIG. 2.
[0052] FIG. 2 shows the light absorption rates of the
organic light emitting diode devices according to Example 1
and Comparative Example 4.
[0053] Referring to FIG. 2, the organic light emitting diode
device according to Example 1 had a lower light absorption
rate than that of the organic light emitting diode device
according to Comparative Example 4. Therefore, based on
the above results, the organic light emitting diode device
according to Example 1 had higher light transmittance than
that of the organic light emitting diode device according to
Comparative Example 4.
[0054] While this disclosure has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

1. An organic light emitting diode device, comprising

an anode,

a cathode,

an emission layer between the anode and the cathode, and
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a buffer layer positioned between the emission layer and
the anode, the buffer layer comprising a first material
that is an oxide, fluoride, quinolate, or acetoacetate of an
alkaline metal or an alkaline-earth metal, the buffer layer
further comprising a second material having a work
function in a range from about 2.6 to about 4.5 eV, the
buffer layer further having a thickness in a range from
about 30 A to about 400 A.

2. The organic light emitting diode device of claim 1,
wherein the buffer layer comprises amounts of the first mate-
rial and the second material in a weight ratio having a range
from about 1:4 to about 4:1.

3. The organic light emitting diode device of claim 1,
wherein the second material comprises any one or more of
ytterbium (Yb), aluminum (Al), silver (Ag), and magnesium
Mg).

4. The organic light emitting diode device of claim 1,
wherein the first material comprises at least one of LiF, NaF,
NaCl, CsF, Li20, BaO, and lithium quinolate.

5. The organic light emitting diode device of claim 1,
further comprising a hole injection layer (HIL) doped with
P-type material, the HIL positioned between the buffer layer
and the emission layer.

6. The organic light emitting diode device of claim 1,
wherein the anode comptrises one or more of a transparent
conductive layer including a transparent conductive oxide,
and a semi-transparent conductive layer having a thickness of
about 8 nm to about 30 nm and including aluminum (Al), an
aluminum-alloy (Al-alloy), silver (Ag), or a silver-alloy (Ag-
alloy).

7. The organic light emitting diode device of claim 1,
further comprising at least one organic layer selected from a
hole injection layer (HIL), a hole transport layer (HIL), an
electron blocking layer (EBL), a hole blocking layer (HBL),
an electron transport layer (ETL), and an electron injection
layer (EIL).

8. An organic light emitting diode device, comprising

an anode,

a cathode,

an emission layer between the anode and the cathode, and

a buffer layer disposed between the emission layer and the
anode, the buffer layer comprising:

a first metal selected from the group consisting of LiF, NaF,
NaCl, Li,O, and lithium quinolate, and

a second metal selected from the group consisting of ytter-
bium (Yb), aluminum (Al), silver (Ag), magnesium
(Mg) and Mg/Ag alloy.

9. The organic light emitting diode device of claim 1,
wherein the buffer layer comprises amounts of the first metal
and the second metal in a weight ratio having a range from
about 1:4 to about 4:1.
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