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(57) ABSTRACT

A bottom emission type electroluminescent display in which
light emitted from a light emitting layer undergoes construc-
tive interference between a first electrode and a second
electrode. The bottom emission type electroluminescent
display has a transparent substrate, a first electrode and a
second electrode. The first electrode and the second elec-
trode are formed on the same side of the transparent sub-
strate. The electroluminescent display also has a medium
layer interposed between the first electrode and the second
electrode and includes a light emission layer that emits light
when the first electrode and the second electrode are elec-
trically driven. The first electrode is formed as a translucent
conductive layer that partially reflects the light emitted from
the light emission layer and the second electrode is formed
as a reflection layer that reflects the light emitted from the
light emission layer.

6 Claims, 3 Drawing Sheets
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FIG. 1 (PRIOR ART)
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FIG. 3
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BOTTOM EMISSION TYPE
ELECTROLUMINESCENT DISPLAY WITH
PARTIALLY REFLECTING ELECTRODES

This application claims priority from Korean Patent
Application No. 2003-41441, filed on Jun. 25, 2003, in the
Korean Intellectual Property Office, the disclosure of which
is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The invention relates to a bottom emission type electrolu-
minescent display.

(b) Description of the Related Art

Electroluminescent displays are active light-emitting dis-
play devices and have many advantages over cathode ray
tubes (CRTs) or liquid crystal displays (LCDs). For
example, electroluminescent displays have a wide viewing
angle, high contrast, fast response speed, light weight, small
size, thin thickness, and low power consumption. Therefore,
there has been an increasing interest in electroluminescent
displays. Electroluminescent displays are generally classi-
fied as inorganic electroluminescent displays and organic
electroluminescent displays based on whether a light emis-
sion layer is made of an inorganic material or an organic
material.

FIG. 1 shows a conventional electroluminescent display
having a structure similar to the structure disclosed in U.S.
Pat. No. 4,539,507. The electroluminescent display of FIG.
1 has a stacked structure including an anode 20, a medium
layer 30, and a cathode 40 on a transparent substrate 10. As
shown in FIG. 1, the medium layer comprises a hole
injection layer 31, a hole transport layer 32, a light emitting
layer 33, an electron transport layer 34, and an electron
injection layer 35. However, all the layers, except for the
light emission layer, may be omitted as needed. The anode
20 is made of a transparent material, such as indium tin
oxide (ITO). While some light emitted from the light emit-
ting layer 33 is reflected by the cathode 40 and then
discharged through the anode 20 and the transparent sub-
strate 10, other light is directly discharged through the anode
20 and the transparent substrate 10 without being reflected
by the cathode 40. However, since light emitted from the
light emitting layer undergoes once constructive interference
one time before being discharged from the electrolumines-
cent display, enhancement of light emission characteristics
is slight.

FIG. 2 shows a top emission type electroluminescent
display as disclosed in Applied Physics Letter, Vol. 63, 594
(1993). In this electroluminescent display, some light emit-
ted from a light emitting layer 33 undergoes constructive
interference by anode 20 and a partial reflection layer 50.

SUMMARY OF THE INVENTION

The invention provides an electroluminescent display in
which light emitted from a light emitting layer undergoes
constructive interference between a first electrode and a
second electrode two or more times. Therefore, the elec-
troluminescent display has the enhanced light emission
characteristics such as enhanced luminance, chromaticity,
and light efficiency.

According to an aspect of the invention, there is provided
a bottom emission type electroluminescent display compris-
ing a transparent substrate, a first electrode and a second
electrode. The first electrode and the second electrode are
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formed on the same side of the transparent substrate. A
medium layer is interposed between the first electrode and
the second electrode and the medium layer comprises a light
emission layer that emits light when the first electrode and
the second electrode are electrically driven. The first elec-
trode is formed as a translucent conductive layer that par-
tially reflects the light emitted from the light emitting layer
and the second electrode is formed as a reflection layer that
reflects the light emitted from the light emitting layer.

The first electrode may be formed as a single layer. In this
case, the medium layer interposed between the first electrode
and the second electrode may be formed so that light
reflected by the first electrode and the second electrode
undergoes constructive interference. The medium layer
interposed between the first electrode and the second elec-
trode may have a thickness and a refractive index which
maximizes the luminance of light discharged from the
electroluminescent display. The first electrode may be made
of a composite material comprising a transparent material
and a partially reflective material. The transparent material
may be selected from the group consisting of indium tin
oxide (ITO), indium zinc oxide (IZ0), aluminum tin oxide
(ATO), and zinc oxide (ZnO), and the partially reflective
material may be selected from the group consisting of Ag,
Mg, Al, Pt, Pd, Au, Ni, Ir, and Cr. The first electrode may
have a light transmittance of about 20% to about 80%.

The first electrode may comprise a first transparent con-
ductive layer that transmits light and a partial reflection layer
that partially reflects light. In this case, the partial reflection
layer may be interposed between the medium layer and the
first transparent conductive layer. Alternatively, the first
transparent conductive layer is formed on both surfaces of
the partial reflection layer. The layer interposed between the
partial reflection layer and the second electrode may be
formed so that light reflected by the partial reflection layer
and the second electrode undergoes constructive interfer-
ence. The layer interposed between the partial reflection
layer and the second electrode may have a thickness and a
refractive index which maximizes the luminance of light
discharged from the electroluminescent display. The first
transparent conductive layer may be made of a transparent
material selected from the group consisting of ITO, 170,
ATO, and Zn0, and the partial reflection layer may be made
of a partially reflective material selected from the group
consisting of Ag, Mg, Al, Pt, Pd, Au, Ni, Ir, and Cr. The
partial reflection layer may have a light transmittance of
about 20% to about 80%. The partial reflection layer made
of Ag or Ag alloy may have a thickness of about 5 nm to
about 30 nm, the partial reflection layer made of Al or Al
alloy may have a thickness of about 2 nm to about 10 nm,
and the partial reflection layer made of Mg or Mg alloy may
have a thickness of about 3 nm to about 15 nm.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the
invention will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
attached drawings.

FIG. 1 is a sectional view of a conventional electrolumi-
nescent display.

FIG. 2 is a sectional view of another conventional elec-
troluminescent display.

FIG. 3 is a sectional view of a bottom emission type
electroluminescent display according to a first exemplary
embodiment of the invention.
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FIG. 4 is a sectional view of a bottom emission type
electroluminescent display according to a second exemplary
embodiment of the invention.

FIG. 5 is a sectional view of a bottom emission type
electroluminescent display according to a third exemplary
embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

Hereinafter, an electroluminescent display according to a
first exemplary embodiment of the invention will be
described with reference to FIG. 3.

A bottom emission type electroluminescent display
according to this exemplary embodiment comprises a trans-
parent substrate 10, a first electrode 200, a second electrode
400, and a medium layer 30. The transparent substrate 10
may be a glass substrate, and the first electrode, the medium
layer, and the second electrode are formed consecutively on
the substrate. It should be understood that other layers may
be included as well. One of the first electrode 200 and the
second electrode 400 is an anode and the other electrode s
a cathode. In all exemplary embodiments of the invention
described herein including this embodiment, the first elec-
trode is set as an anode and the second electrode is set as a
cathode. However, the first electrode may be a cathode and
the second electrode may be an anode.

The medium layer 30 is interposed between the anode 200
and the cathode 400 and comprises a light emitting layer 33
that emits light when the anode and the cathode are electri-
cally driven. FIG. 3 shows that the medium layer comprises
a hole injection layer 31, a hole transport layer 32, the light
emitting layer 33, an electron transport layer 34, and an
electron injection layer 35. However, all the layers, except
for the light emission layer, may be omitted as needed. An
electroluminescent display can be an organic electrolumi-
nescent display and an inorganic electroluminescent display
based on the materials of the light emitting layer 33.

The light emission layer 33 of an organic electrolumines-
cent display may be made of phthalocyanine, such as,
copper phthalocyanine (CuPc), N,N'-di(naphthalene-1-yl)-
N,N'-diphenyl benzidine (NPB), or tris-8-hydroxyquinoline
aluminium (Alg3). The light emitting layer 33 of an inor-
ganic electroluminescent display may be made of metal
sulfide such as ZnS, SrS, and CsS or alkaline earth-based
calcium sulfide such as CaCa,S, and SrCa,S,, and the light
emitting core atoms of transition metals, such as, Mn, Ce,
Tb, Eu, Tm, Er, Pr, and Pb or alkaline rare earth metals.
Although FIG. 3 shows an organic electroluminescent dis-
play, an inorganic electroluminescent display is also within
the scope of the invention. For an inorganic electrolumines-
cent display, insulating layers are interposed between the
first electrode and the light emission layer and between the
second electrode and the light emission layer.

The anode 200 and the cathode 400 are located at the
same side of the transparent substrate, and the medium layer
30 comprising the light emitting layer 33 is interposed
therebetweern. In particular, in this exemplary embodiment
of the invention, the anode 200 is formed as a single layer
made of a translucent conductive material, which is different
from the other exemplary embodiments of the invention
which will be described later. Since the anode is formed as
a single layer in this embodiment, a manufacturing process
is simplified relative to the other exemplary embodiments.

In this exemplary embodiment, the anode 200 is formed
as a translucent conductive layer which allows some light
emitted from the light emitting layer 33 to be reflected while
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simultaneously transmitting other light. The cathode 400 is
formed as a reflection layer that allows light to be reflected.
While the cathode allows all light to be reflected, the anode
allows some light to be reflected. Therefore, some light
emitted from the light emitting layer vibrates between the
anode and the cathode, as represented by the arrows in FIG.
3. The vibrating light undergoes constructive interference
two or more times according to the wavelength of the light,
the refractive index and the thickness of the medium layer
interposed between the anode and the cathode and before
being discharged through the anode 200 and the transparent
substrate 10. Therefore, an electroluminescent display
according to this exemplary embodiment has the enhance-
ments in light emission characteristics, such as, enhanced
luminance, enhanced chromaticity, and enhanced light effi-
ciency.

The anode 200 may be made of a composite material
comprising a transparent material and a partially reflective
material. The transparent material may be selected from the
group consisting of indium tin oxide (ITO), indium zinc
oxide (IZ0), aluminum tin oxide (ATO), and zinc oxide
(Zn0), and the partially reflective material may be selected
from the group consisting of Ag, Mg, Al, Pt, Pd, Au, Ni, Ir,
and Cr. In various exemplary embodiments according to the
invention, the anode has a light transmittance of about 20%
to about 80%.

Generally, if the light transmittance of the anode is less
than about 20%, light reflectivity increases excessively. As
a result, light is trapped between the anode 200 and the
cathode 400, thereby decreasing the luminance and the light
efficiency of an electroluminescent display. On the other
hand, if the light transmittance of the anode exceeds about
80%, light reflectivity decreases excessively. As a result, the
constructive interference of light occurs insufficiently, which
makes it difficult to enhance the luminance and the light
efficiency. For reference, the anode has light absorptivity of
30% or less and the sum of light absorptivity, reflectivity,
and transmittance of the anode is about 100%. The light
transmittance of the anode can be adjusted, for example, by
controlling the ratio of the transparent material to the
partially reflective material or the oxygen content of the
anode. The cathode may be made of a conventional material,
such as, for example, LiF/Al, Mg/Ag, or Ca/Ag.

In this embodiment, the medium layer may wholly or
partially comprise the hole injection layer 31, the hole
transport layer 32, the light emitting layer 33, the electron
transport layer 34, and the electron injection layer 35.
Generally, these layers may be optimized so that light
reflected by the anode and the cathode undergoes construc-
tive interference. The medium layer generally has a thick-
ness and a refractive index which maximizes the luminance
(Et) of light discharged from an electroluminescent display.
The luminance (Et) may be calculated from Equation 1
below.

Equation 1
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wherein E | is the luminance of light emitted from the light
emitting layer 33, E, is the luminance of the light discharged
from an electroluminescent display, t is the light transmit-
tance of the anode 200, A is the wavelength of light emitted
from the light emitting layer 33, n, is the refractive index of
the medium laver 30 interposed between the anode and the
cathode, d is a half of the thickness of the medium layer 30,
r 1s the light reflectivity of the anode 200, and ' is the light
reflectivity of the cathode 400.

An electroluminescent display according to a second
exemplary embodiment of the invention will now be
described with reference to FIG. 4. Only the differences
between the first embodiment and the second embodiment
will be discussed. In this exemplary embodiment, the anode
200 comprises a first transparent conductive layer 210 that
transmits light and a partial reflection layer 220 that partially
reflects light, instead of using a single translucent conduc-
tive layer. Layers interposed between the partial reflection
layer 220 and the cathode 400 are formed so that light
reflected by the partial reflection layer and the cathode
undergoes constructive interference.

Since the anode comprises the partial reflection layer 220
that allows some light to be reflected while other light is
transmitted through the layer, a reflection distance decreases
(see FIG. 4), when compared to the first embodiment.
Therefore, the constructive interference of light occurs more
efficiently. In particular, since the partial reflection layer 220
is formed on an interior surface 210a, some light emitted
from the light emission layer 33 vibrates between the partial
reflection layer 220 and the cathode 400, as represented by
arrows in FIG. 4. The vibrating light undergoes constructive
interference according to the wavelength of the light, the
refractive index and the thickness of the medium layer
interposed between the partial reflection layer and the cath-
ode before being discharged outside. Therefore, an elec-
troluminescent display according to this exemplary embodi-
ment has enhanced light emission characteristics such as
enhanced luminance, enhanced chromaticity, and enhanced
light efficiency.

The first transparent conductive layer 210 may be made of
a transparent material selected from the group consisting of
ITO. IZ0, ATO, and ZnO, and the partial reflection layer 220
may be made of a partially reflective material selected from
the group consisting of Ag, Mg, Al, Pt, Pd, Au, Ni, Ir, and
Cr.

In this exemplary embodiment, the medium layer 30
interposed between the partial reflection layer 220 and the
cathode 400 may wholly or partially comprise a hole injec-
tion layer 31, a hole transport layer 32, a light emitting layer
33, an electron transport layer 34, and an electron injection
layer 35. In various embodiments of the invention, the
medium layer may be interposed between the partial reflec-
tion layer 220 and the cathode 400 may be formed so that
light reflected by the partial reflection layer 220 and the
cathode 400 undergoes constructive interference. In detail,
the medium layer has a thickness and a refractive index
which maximizes the luminance (E,) of light discharged
from an electroluminescent display. The luminance (E,) may
be calculated from Equation 1 above.
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Applying Equation 1 to this exemplary embodiment, E_ is
the luminance of light emitted from the light emitting layer
33, E, is the luminance of light discharged from an elec-
troluminescent display, t is the light transmittance of the
partial reflection layer 220, A is the wavelength of light
emitted from the light emission layer 33, n, is the refractive
index of the medium layer 30 interposed between the partial
reflection layer and the cathode, d is a half of the thickness
of the medium layer 30, r is the light reflectivity of the partial
reflection layer 220, and r' is the light reflectivity of the
cathode 400.

In various embodiments of the invention, the first trans-
parent conductive layer has a thickness of about 50 nm to
about 300 nm. If the thickness of the first transparent
conductive layer is less than about 50 nm, conductivity
decreases. On the other hand, if it exceeds 300 nm, a light
transmittance decreases and a material cost increases.

In various embodiments of the invention, the partial
reflection layer 220 may have a light transmittance of about
20% to about 80%. If the light transmittance of the partial
reflection layer is less than about 20%, light reflectivity
increases excessively. As a result, light is trapped between
the partial reflection layer 220 and the cathode 400, thereby
decreasing the luminance and the light efficiency of an
electroluminescent display. On the other hand, if the light
transmittance of the partial reflection layer 220 exceeds
about 80%, light reflectivity decreases excessively. As a
result, the constructive interference of light occurs insuffi-
ciently, which makes it difficult to enhance the luminance
and the light efficiency. For reference, the partial reflection
layer has light absorptivity of about 30% or less and the sum
of light absorptivity, reflectivity, and transmittance of the
partial reflection layer is about or equal to 100%.

According to the results obtained from experiments, in
order to have a light transmittance of about 20% to about
80%, the partial reflection layer made of Ag or Ag alloy must
have a thickness of about 5 nm to about 30 nm, the partial
reflection layer made of Al or Al alloy must have a thickness
of about 2 nm to about 10 nm, and the partial reflection layer
made of Mg or Mg alloy must have a thickuess of about 3
nm to about 15 nm.

An electroluminescent display according to a third exem-
plary embodiment of the invention will now be described in
detail with reference to FIG. 5. Only differences between the
second exemplary embodiment and the third exemplary
embodiment will be discussed below. In this exemplary
embodiment a first transparent conductive layer 210 is
formed on both surfaces of a partial reflection layer 220.
That is, the first transparent conductive layer comprises a
first upper transparent conductive layer 211 and a first lower
transparent conductive layer 212, and the partial reflection
layer is interposed therebetween.

When the partial reflection layer 220 is in direct contact
with organic material layers, the related problems due to an
energy level difference may be caused. In order to solve
these problems, the first upper transparent conductive layer
211 is required to be interposed between the partial reflec-
tion layer and the organic material layers.

In this exemplary embodiment, the first upper transparent
conductive layer 211 and the medium layer 30 are interposed
between the partial reflection layer 220 and the cathode 400.
The medium layer 30 may wholly or partially comprise a
hole injection layer 31, a hole transport laver 32, a light
emitting layer 33, an electron transport layer 34, and an
electron injection layer 35. In various exemplary embodi-
ments of the invention, the layers interposed between the
partial reflection layer 220 and the cathode 400 are opti-
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mized so that light reflected by the partial reflection layer
220 and the cathode 400 undergoes constructive interfer-
ence. The layers interposed between the partial reflection
layer and the cathode may have a thickness and a refractive
index which maximizes the luminance (E,) of light dis-
charged from an electroluminescent display. The luminance
(E,) may be calculated from Equation 1 above.

Applying Equation 1 to this embodiment, E, is the lumi-
nance of light emitted from the light emission layer 33, E, is
the luminance of light discharged from an electrolumines-
cent display, t is the light transmittance of the partial
reflection layer 220, A is the wavelength of light emitted
from the light emitting layer 33, n, is the refractive index of
the layers interposed between the partial reflection layer and
the cathode, d is a half of the thickness of the layers
interposed between the partial reflection layer and the cath-
ode, r is the light reflectivity of the partial reflection layer
220, and ' is the light reflectivity of the cathode 400.

As is apparent from the above description, the invention
provides a bottom emission type electroluminescent display
with enhanced luminance, chromaticity, and light efficiency.
The bottom emission type electroluminescent display has
high luminance, which makes it possible to reduce a driving
power required for obtaining a desired luminance.

While the invention has been particularly shown and
described with reference to exemplary embodiments thereof,
it will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the invention
as defined by the following claims.

What is claimed is:

1. A bottom emission type electroluminescent display,
comprising:

a transparent substrate;

a first electrode and a second electrode formed on a same

side of the transparent substrate; and

a medium layer interposed between the first electrode and

the second electrode and comprising a light emitting
layer that emits light when the first electrode and the
second electrode are electrically driven,

wherein the first electrode is formed as a translucent

conductive layer that partially reflects the light emitted
from the light emitting layer and the second electrode
is formed as a reflection layer that reflects the light
emitted from the light emitting layer, and the first
electrode is formed as a single layer.

2. The bottom emission type electroluminescent display
of claim 1, wherein the medium layer interposed between
the first electrode and the second electrode is formed so that
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light reflected by the first electrode and the second electrode
undergoes constructive interference.

3. The bottom emission type electroluminescent display
of claim 2, wherein the medium layer interposed between
the first electrode and the second electrode has a thickness
and a refractive index which substantially maximize the
value of E, in the following formula:

S
E o 1+rrd a2y
[—'):ze"fnzd ) N +
. LR
E {r’m"/\*”md)} ..
2K
L+rred 1y

2
iy no(3d)
e .
{r’re 12 } +
2
2 Lerdam®
='T"

2
1- rr’elTnsz)

wherein E, is a luminance of light discharged from the
bottom emission type electroluminescent display, E_ is
a luminance of light emitted from the light emitting
layer, t is a light transmittance of the first layer, A is a
wavelength of light emitted from the light emitting
layer, n, is a refractive index of the medium layer, 2d
is a thickness of the medium layer, r is a light reflec-
tivity of the first layer, r' is a light reflectivity of the
second layer, e represents an exponential function, and
i represents an imaginary number.

4. The bottom emission type electroluminescent display
according to claim 1, wherein the first electrode is made of
a composite material comprising a transparent material and
a partially reflective material.

5. The bottom emission type electroluminescent display
according to claim 4, wherein the transparent material is
selected from the group consisting of indium zinc oxide
(IZO), aluminum tin oxide (ATO), and zinc oxide (ZnO), an
reflective material selected from the group consisting of Ag,
Mg, Al, Pt, Pd, Au, Ni, Ir, and Cr.

6. The bottom emission type electroluminescent display
of claim 1, wherein the first electrode has a light transmit-
tance of about 20% to about 80%.
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