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57) ABSTRACT

Disclosed is an organic electroluminescent display device.
The present invention includes a transparent substrate, an
anode formed on the transparent substrate, an organic layer
stacked on the anode, a cathode formed on the organic layer,
and a buffer layer formed between the cathode and organic
layer, the buffer layer including a first material selected from
the group consisting of an alkaline metal and an alkaline
earth metal compound and a second material selected from
the group consisting of an organic compound and an organic
metal compound.

16 Claims, 2 Drawing Sheets
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ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE

This application claims the benefit of the Korean Appli-
cation No. P2001-81833 filed on Dec. 20, 2001, which is
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electroluminescent
display, and more particularly, to an organic electrolumines-
cent display device having a buffer layer between a cathode
and an organic layer.

2. Discussion of the Related Art

Lately, demands for flat display panels occupying less
space increase as a display tends to increase in size. Rapidly
developed is a technology of an organic electroluminescent
(hereinafter abbreviated EL) device called an organic light-
emitting diode (OELD) as one of such flat display panel
devices.

An organic EL display is a device emitting light in a
following manner. First of all, electric charges are injected
into an organic layer formed between a hole injection
electrode (anode) and an electron injection electrode
(cathode). Electrons are then coupled with holes to form
pairs, respectively, and then disappear so as to emit light.

It is advantageous that such a device can be driven by a
predetermined voltage (ex. 5~10V) lower than that of a
plasma display panel (PDP) or an inorganic EL display.
Hence, many efforts are made to research and develop the
organic EL device.

The organic EL device has excellent characteristics of
wide viewing angle, high-speed response, high contrast, and
the like, thereby being applicable to a pixel of a graphic
display, a pixel of a TV video display, or a pixel of a surface
light source. The device can be formed on a flexible trans-
parent substrate such as a plastic substrate. The device can
be fabricated extremely thin and light as well as provide
excellent color tones. Hence, the organic EL. device is
suitable for the next generation flat panel display (FPD).

Moreover, the organic EL device enables to realize three
colors of green, blue, and red, requires no backlight of a
well-known liquid crystal display (LCD) so as to consume
less power, and has the excellent color sense so as to become
a matter of concern to realize the next generation full color
display device.

FIG. 1 illustrates a cross-sectional view of a general
organic EL display device. A process of fabricating a con-
ventional organic EL display device is explained in order as
follows.

First of all, an anode material is coated on a transparent
substrate. In this case, ITO (indium tin oxide) is mainly used
as the anode material.

A hole injection layer (HIL) is formed on the anode
material. CuPc (copper phthalocyanine) is mainly used as a
material of the hole injection layer and formed about 10~30
nm thick.

Subsequently, a hole transport layer (HTL) is formed.
TPD{N,N'-diphenyl-N,N'-bis(3-methylphenyl)-(1,1'-
biphenyl)-4,4'-diamine} or NPD{4,4'-bis[N-(1-naphthy)-N-
phenyl-amino Jbiphenyl} is used as a material of the hole
transport layer and formed about 30~60 nm thick.

An organic light-emitting layer is formed on the hole
transport layer. In this case, a dopant can be added to the
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organic light-emitting layer. For instance, Alg,{tris(8-
hydroxy-quinolate)aluminum } is used as a basic material of
the organic light-emitting layer, and deposited about 30~60
nm thick. In this case, Coumarin 6 or Quinacridone (Qd) is
widely used as a green dopant in general. Moreover, DCM,
DCIT, DCJTB, or the like is mainly used as a red dopant for
red luminescence.

And, an electron transport layer (ETL) and an electron
injection layer (EIL) are successively deposited on the
organic light-emitting layer.

Occasionally, in case of green luminescence, electron
injection/transport layers are not formed additionally since
Alg; used as the material of the organic light-emitting layer
has the excellent electron transport capacity.

Subsequently, LiF or Li,O about 5 A thick or alkaline
metal or alkaline earth metal such as Li, Ca, Mg, Sm, or the
like about 200 A thick as an electron injection layer is coated
thin thereon, thereby improving the electron injection.

Thereafter, Al 1s coated about 1,000 A thick on the
electron injection layer as a cathode. Unfortunately, the
material of the electron injection layer such as LiF, Li,0, or
the like used for facilitating the electron injection into the
organic light-emitting layer weakens the adhesion between
the electron transport layer and cathode.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to an
organic electroluminescent display device that substantially
obviates one or more problems due to limitations and
disadvantages of the related art.

An object of the present invention is to provide an organic
electroluminescent display device having a buffer layer
between a cathode and an organic layer so as to improve the
adhesion between a cathode and an organic layer as well as
efficiency and durability of the device.

Additional advantages, objects, and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

To achieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, an organic electroluminescent
display device according to the present invention includes a
transparent substrate, an anode formed on the transparent
substrate, an organic layer stacked on the anode, a cathode
formed on the organic layer, and a buffer layer formed
between the cathode and organic layer, the buffer layer
including a first material selected from the group consisting
of an alkaline metal and an alkaline earth metal compound
and a second material selected from the group consisting of
an organic compound and an organic metal compound.

Preferably, the buffer layer is a mixture formed by
co-depositing the first material selected from the group
consisting of the alkaline metal and the alkaline earth metal
compound and the second material selected from the group
consisting of the organic compound and the organic metal
compound.

Preferably, a composition ratio between the first and
second materials x and y constituting the buffer layer is
x:y=(1~100):1 or x:y=1:(1~100) and a total thickness of the
buffer layer is 0.1~10 nm.



US 6,893,744 B2

3

Preferably, the buffer layer is formed by stacking first/
second layers or second/first layers in order and wherein the
first layer is formed of one of alkaline metal and alkaline
earth metal and the second layer is formed of one of organic
compound and organic metal compound.

Preferably, each of the first and second layers is 0.1~20
nm thick and, a total thickness of the buffer layer including
the first and second layers is as 0.1~40 nm.

Preferably, the buffer layer is formed to have a concen-
tration gradient in accordance with positions of the first
material of one of the alkaline metal and alkaline earth metal
and the second material of one of the organic compound and
organic metal compound.

Preferably, a composition ratio between the first and
second materials x and y at an interface of the buffer layer
contacted with the cathode is x:y=1:0 or x:y=0:1, wherein
the composition ratio of the first and second materials x and
y from the interface of the buffer layer contacted with the
cathode to the other interface contacted with the organic
layer has the concentration gradient, and wherein a total
thickness of the buffer layer is 0.1~100 nm.

Preferably, the alkaline metal or alkaline earth metal
compound is selected from the group consisting of Li, Na,
K, Be, Mg, Ca, Sr, Ba, Y, La, Sm, Gd, Yb, Cs, Li,0, Li,0,,
Rb,0, Cs,0, Rb,0,, Cs,0,, LiAlO,, LiBO,, LiCl, RbCl,
Na(l, KAlO,, NaWO,, K,Si0;, Li,CO, BeO, MgO, CaO,
Sr0, Ba0, Ra0, Al:Li, Mg:Sr, and In:Li alloy.

Preferably, the organic compound or organic metal com-
pound is an aromatic compound derivative.

Preferably, the organic layer comprises a hole injection
layer, a hole transport layer, an organic light-emitting layer,
and an electron transport layer.

More preferably, the buffer layer is formed between the
cathode and electron transport layer.

More preferably, the buffer layer is formed between the
cathode and organic light-emitting layer.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

FIG. 1 illustrates a cross-sectional view of a general
organic EL display device;

FIG. 2 illustrates a cross-sectional view of an organic EL
display device having a buffer layer according to one first
embodiment of the present invention,

FIG. 3 illustrates a cross-sectional view of an organic EL.
display device having a buffer layer according to another
first embodiment of the present invention; and

FIG. 4 illustrates a brightness graph comparing a device
having a buffer layer according to the present invention to a
device failing to have a buffer layer.

DETAILED DESCRIPTION OF THE
INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
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are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts.

The present invention is formed by stacking an anode,
organic layers (hole injection layer, hole transport layer,
organic light-emitting layer, electron transport layer, etc.), a
buffer layer, and a cathode on a transparent substrate in
order.

In this case, the buffer layer can be formed between the
cathode and electron transport layer or between the cathode
and organic light-emitting layer if there is no electron
transport layer.

The buffer layer includes a first material selected from the
group consisting of alkaline metal and alkaline earth metal
compound and a second material selected from the group
consisting of starburst type organic compound and organic
metal compound.

The buffer layer, as shown in FIG. 2, can be formed by
depositing simultancously (co-depositing) the first material
selected from the group consisting of the alkaline metal and
alkaline earth metal compound and the second material
selected from the group consisting of the starburst type
organic compound and organic metal compound. In this
case, a composition ratio between the first and second
materials x and y constituting the buffer layer is
x:y=(1~100):1 or x:y=1:(1~100) and a total thickness of the
buffer layer is set up as 0.1~10 nm.

And, the buffer layer, as shown in FIG. 3, can be formed
by stacking first/second layers or second/first layers in order,
in which the first layer is formed of one of alkaline metal and
alkaline earth metal and the second layer is formed of one of
organic compound and organic metal compound. In this
case, the first and second layers are 0.1~20 nm thick,
respectively. And, a total thickness of the buffer layer
including the first and second layers is set up as 0.1~40 nm.

Moreover, the buffer layer can be formed to have a
concentration gradient in accordance with positions of the
first material of one of the alkaline metal and alkaline earth
metal and the second material of one of the organic com-
pound and organic metal compound. Namely, the composi-
tion ratio between the first and second materials x and y at
an interface of the buffer layer contacted with the cathode is
x:y=1:0 or x:y=0:1. And, the composition of the first and
second materials x and y from the interface of the buffer
layer contacted with the cathode to the other interface
contacted with the organic layer has a concentration gradi-
ent. Besides, a total thickness of the buffer layer is set up as
0.1~100 nm.

In this case, the alkaline metal or alkaline earth metal
compound can be selected from the group consisting of Li,
Na, K, Be, Mg, Ca, Sr, Ba, Y, La, Sm, Gd, Yb, Cs, Li,0,
Li,0,, Rb,0, Cs,0, Rb,0,, Cs,0,, LiAlO,, LiBO,, LiCl,
RbCl, NaCl, KAIO,, NaWO,, K,Si0;, Li,CO, BeO, MgO,
Ca0, Sr0, BaO, RaO, Al:Li, Mg:Sr, In:Li alloy, and the like,
but is not limited theses elements.

The starburst type organic compound or organic metal
compound can be an aromatic amine having the following
structural formula 1 or an aromatic compound derivative as
an aromatic compound having the following structural for-
mula 2.

Aromatic amine is shown in the following structural
formula 1.
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Structural Formula 1

where In the above structural formula 1, each of R1, R2, and
R3 is selected from the group consisting of hydrogen, alkyl
group, substituted or unsubstituted aromatic ring, and sub-
stituted or unsubstituted aromatic amine. And, at least one of
R1, R2, and R3 is substituted or unsubstituted aromatic ring
or substituted or unsubstituted aromatic amine.

Specifically, the aromatic amine can be a compound

having the following structural formula.
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where each of B, B,, B;, B, B;, B, B, B;, B, B, B,
and B, is selected from the group c0n51st1ng of hydrogen
alkyl group, substituted or unsubstituted aromatic ring, and
substituted or unsubstituted aromatic amine. And, they may
be linked to each other so as to form a saturated or
unsaturated fused cyclic ring.

More specifically, the aromatic amine can be selected
from the group consisting of:
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Specifically, the aromatic amine can have the following
structural formula.
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where each of C,, C,, C;, C,, Cs, Cq, C;, Cg, Cg, and Cy
is selected from the group conmsisting of hydrogen, alkyl
group, substituted or unsubstituted aromatic ring, and sub-
stituted or unsubstituted aromatic amine. And, they may be
linked to each other so as to form a saturated or unsaturated
fused cyclic ring.

More specifically, the aromatic amine can be selected
from the group consisting of:

YYD,
atats

Meanwhile, the aromatic compound having the structural
formula 2 is as follows:

Ay

where each of A, A,, and A, is selected from the group
consisting of hydrogen, alkyl group, substituted or unsub-
stituted aromatic ring, and substituted or unsubstituted aro-
matic amine. And, one of A;, A,, and A5 includes substituted
or unsubstituted aromatic amine.

Specifically, the aromatic compound may be a compound
having the following structural formula:
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where each of D, D, D5, D,,, D5, D¢, D4, Dg, Dg, Do, D11,
and D, is selected from the group consisting of hydrogen,
alkyl group, substituted or unsubstituted aromatic ring, and
substituted or unsubstituted aromatic amine. And, they may
be linked to each other so as to form a saturated or
unsaturated fused cyclic ring.

The buffer layer preferably is 0.1~100 nm thick.

In the following embodiments of the present invention, an
organic EL device including a buffer layer having the
combination of the starburst type derivative and alkaline
metal (or alkaline earth metal) is formed by reinforcing
adhesion between the cathode and organic layer, whereby
efficiency and durability of the device are improved. In such
a buffer layer, the starburst type derivative plays a role in
improving adhesion between the electron transport layer and
electrode and Li plays a role in improving electron injection.
Moreover, the buffer layer can be formed using various
methods.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the embodi-
ments of the present invention. Thus, it is intended that the
following embodiments cover the modifications and varia-
tions of this invention provided they come within the scope
of the appended claims and their equivalents.

First Embodiment

The first embodiment of the present invention is for
fabricating the organic EL device shown in FIG. 2 using Li
as alkaline metal.

A method of fabricating the device is explained as fol-
lows.

1) CuPc (copper phthalocyanine) having the following
structural formula is coated about 25 nm thick on a trans-
parent substrate of I'TO so as to be used as a hole injection
layer (HIL).
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2) Subsequently, NPD having the following structural
formula is coated about 35 nm thick thereon so as to be used
as a hole transport layer.

SUNe
SRS

3) Alg, having the following structural formula is doped
with Co6 by about 1%, and then coated on the hole transport
layer so as to form a green light-emitting layer.

Z
N
O /o

o’

L

4) Alg, as an electron transport layer is coated about 35
nm thick thereon.

5) Starburst type derivative and Li are deposited on the
electron transport layer in common so as to form a buffer
layer. In this case, a ratio between the two materials is shown
as follows.

Starburst type derivative:Li=x:y, where x=1~100 and y=1
or x=1 and y=1~100

Moreover, a total thickness thereof is 0.1~10 nm.

6) Thereafter, Al as a cathode is coated 200 nm thick
thereon.

Second Embodiment

The second embodiment of the present invention is for
fabricating the organic EL device shown in FIG. 3. A method
of fabricating a device is carried out by the same manner of
{he first embodiment except the step of forming a buffer
ayer.

First of all, starburst type derivative is deposited about 2
nm thick by vacuum deposition. And, Li is deposited about
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1 nm thick on the deposited starburst type derivative. Each
thickness of the starburst type derivative and Li can be
selected from 0.1~20 nm. And, the order of forming the
starburst type derivative and Li layers can be reversed.
Besides, a total thickness is 0.1~40 nm.

Third Embodiment

The third embodiment of the present invention is for
fabricating an organic EL device having a concentration
gradient in accordance with positions of two materials when
starburst type derivative and Li are mixed with each other.
And, a method of fabricating the device is carried out by the
same manner of the first embodiment except the step of
forming a buffer layer.

Namely, starburst type derivative:Li=x:y(x=1, y=0) at a
contact interface between cathode and buffer layer, starburst
type derivative:Li=x:y(x=0, y=1) at a contact interface
between electron transport layer and buffer layer, and x and
y values vary linearly between one contact interface of
cathode and buffer layer and the other contact interface of
organic layer and buffer layer.

A total thickness of the buffer layer is 0.1~100 nm.

FIG. 4 illustrates a brightness graph comparing a device
having a buffer layer according to the present invention to a
device failing to have a buffer layer.

In a graph of FIG. 4, ‘- -’ indicates an organic EL device
including CuPC/(A1q3+d0pant)/Alqa/Ll(IO A)/Al and ‘- -
indicates another organic EL device including CuPC/(Alg,+
dopant)/Alqs/1:1 starburst:Li buffer layer (100 A)/Al The
device having the buffer layer, as shown in the graph,
performs high brightness.

The present invention forms to insert the buffer layer
including alkaline metal or alkaline earth metal compound
and the starburst type derivative between the cathode and
electron transport layer (or light-emitting layer), thereby
improving efficiency and durability of the organic EL
device. The starburst type derivative contributes to improve
adhesion between the cathode and organic layer, and alka-
line metal or alkaline earth metal compound lowers an
electron injection barrier.

Moreover, the buffer layer of the present invention plays
a role in inhibiting the penetration of water into the organic
EL device and the use of the buffer layer increases an overall
thickness of the organic layer so as to reduce a capacitance
of the device. Therefore, the present invention enables to
improve efficiency and durability of the organic EL device
as well.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention. Thus, it is intended that the present invention
covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. An organic electroluminescent display device compris-
ing:

a transparent substrate;

an anode formed on the transparent substrate;

an organic layer stacked on the anode;

a cathode formed on the organic layer; and

a buffer layer formed between the cathode and organic
layer, the buffer layer including a first material selected
from the group consisting of alkaline metals, alkaline
earth metals, alkaline metal compounds and alkaline
earth metal compounds and a second material wherein
the second material is an aromatic amine having the
following structural formula:
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where each of R1, R2, and R3 is selected from the group
consisting of hydrogen, alkyl group, substituted or unsub-
stituted aromatic ring, and substituted or unsubstituted aro-
matic amine wherein at least one of R1, R2, and R3 is
substituted or unsubstituted aromatic ring or substituted or
unsubstituted aromatic amine and further, wherein a com-
position ratio between the first and second materials x and y
constituting the buffer layer is x:y=(1~100):1 or x:y=I:
(1~100) and a total thickness of the buffer layer is 0.1~10
nm.

2. The device of claim 1, wherein the buffer layer is a
mixture formed by co-depositing the first material and the
aromatic amine.

3. The device of claim 1, wherein the buffer layer is
formed by stacking first/second layers or second/first layers
in order and wherein the first layer is formed of one of
alkaline metal and alkaline earth metal.

4. The device of claim 3, wherein each of the first and
second layers is 0.1~20 nm thick and, a total thickness of the
buffer layer including the first and second layers is 0.1~40
nm.

5. The device of claim 1, wherein the buffer layer is
formed to have a concentration gradient in accordance with
positions of the first material and the aromatic amine.

6. The device of claim 5, wherein a composition ratio
between the first and second materials x and y at an interface
of the buffer layer contacted with the cathode is x:y=1:0 or
x:y=0:1, wherein the composition ratio of the first and
second materials x and y from the interface of the buffer
layer contacted with the cathode to the other interface
contacted with the organic layer has the concentration
gradient, and wherein a total thickness of the buffer layer is
0.1~100 nm.

7. The device of claim 1, wherein the alkaline metal,
alkaline earth metal, alkaline metal compound or alkaline
earth metal compound is selected from the group consisting
of Li, Na, K, Be, Mg, Ca, Sr, Ba, Y, La, Sm, Gd, Yb, Cs,
Li,0, Li,0,, Rb,0, Cs,0, Rb,0,, Cs,0,, LiAlO,, LiBO,,
LiCl, RbCl, NaCl, KAlO,, NawO,, K,Si0;, Li,CO, BeO,
MgO, Ca0, SrO, Ba0, RaO, Al:Li, Mg:Sr, and In:Li alloy.

8. The device of claim 1, wherein the aromatic amine is
a compound having the following structural formula:
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where each of B, B,, B;, B,, Bs, B, B+, Bg, Bg, B1o, Bi1,
and B, is selected from the group consisting of hydrogen,
alkyl group, substituted or unsubstituted aromatic ring, and
substituted or unsubstituted aromatic amine wherein the B,
B, B;, B, Bs, B, B, Bg, B, By, By;, and By, are linked
to each other so as 1o form a saturated or unsaturated fused
cyclic ring.

9. The device of claim 8, wherein the aromatic amine is
selected from the group consisting of:

N/\ /\N
a a
N N ;
/\| /\|
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-continued

SUSRSY

10. The device of claim 1, wherein the aromatic amine has
the following structural formula:

Cs

a)

5O
esae

where each of C,, C,, C;, C,, C,, C,, C;, Cq, Cg, and Cy
is selected from the group consisting of hydrogen, alkyl
group, substituted or unsubstituted aromatic ring, and sub-
stituted or unsubstituted aromatic amine wherein the C,, C,,
C,, Cy, Gy, Cy, €, Gy, Cy, and C,; may be linked to each
other so as to form a saturated or unsaturated fused cyclic
ring.

Cz\/ /\ Cy

11. The device of claim 10, wherein the aromatic amine
has the following structural formula:
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12. The device of claim 10, wherein the aromatic amine
has the following structural formula:

13. The device of claim 1, wherein the organic layer
comprises a hole injection layer, a hole transport layer, an
organic light-emitting layer, and an electron transport layer.

14. The device of claim 13, wherein the buffer layer is
formed between the cathode and electron transport layer.

15. The device of claim 13, wherein the buffer layer is
formed between the cathode and organic light-emitting
layer.

y16 An organic electroluminescent display device com-
prising:

a transparent substrate;

an anode formed on the transparent substrate;

an organic layer stacked on the anode;

a cathode formed on the organic layer; and a buffer layer
formed between the cathode and organic layer, the
buffer layer including a first material selected from the
group consisting of alkaline metals, alkaline earth
metals, alkaline metal compounds and an alkaline earth
metal compounds and a second material selected from
the group consisting of an organic compound and an
organic metal compound, wherein a composition ratio
between the first and second materials x and y consti-
tuting the buffer layer is x:y=(1~100):1 or x:y=I:
(1~100) and a total thickness of the buffer layer is
0.1~10 nm.
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