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7) ABSTRACT

An EL display is provided with enhanced light emission
characteristics wherein light emitted from a light-emitting
layer undergoes constructive interference due to a resonance
effect. The EL display includes a transparent substrate, an
anode and a cathode formed on the same side of the
transparent substrate, and an intermediate layer interposed
between the anode and the cathode, and said intermediate
layer including a light-emitting layer that emits light when
the anode and the cathode are electrically driven by a
voltage, and wherein the anode and the cathode are formed
as a translucent conductive layer that partially reflects the
light emitted from the light-emitting layer.
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FIG. 1 (PRIOR ART)
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FIG. 2
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FIG. 4
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ELECTROLUMINESCENT DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority of Korean Patent
Application No. 2003-49543, filed on Jul. 19, 2003, and No.
2003-54794, filed on Aug. 7, 2003, in the Korean Intellec-
tual Property Office, both of which hereby are incorporated
by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an electrolumines-
cent display (EL), and more particularly, to a bi-directional
emission-type EL display.

[0004] 2. Description of the Related Art

1. Field of the Invention

[0005] EL displays are active light-emitting display
devices that have numerous advantages over cathode ray
tubes (CRTs) or liquid crystal displays (LCDs). EL displays
can provide a wider viewing angle, higher contrast, faster
response speed, lighter weight, smaller size, thinner thick-
ness, and lower power consumption. There is an increasing
interest on developing EL displays as next generation dis-
plays. EL displays are classified into inorganic and organic
EL displays, depending on whether the light-emitting layer
is made of organic or inorganic material.

[0006] FIG. 1 shows a conventional bi-directional emis-
sion-type EL display having a structure similar to that
disclosed in U.S. Pat. No. 6,469,437, which hereby is
incorporated by reference. The EL display has a sequentially
stacked structure including an anode 20, an intermediate
layer 30, and a cathode 40 on a transparent substrate 10. As
shown in FIG. 1, the intermediate layer 30 includes 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. Except for the light-emitting layer 33, the
other layers 31,32,34,35 may be omitted, if necessary. Since
the EL display is a bidirectional emission-type display, the
anode 20 and the cathode 40 are made of a transparent
material, such as indium tin oxide (ITO). Light emitted from
the light-emitting layer 33 is discharged towards both the
anode 20 and the cathode 40. However, since light emitted
from the light-emitting layer 33 is not reflected by the anode
20 or the cathode 40, it is impossible to accomplish the
enhancement of light emission characteristics by construc-
tive interference due to a resonance effect of light emitted
from the light-emitting layer 33. Weak or low amplitude
light emitted from the light-emitting layer 33 does not pass
through the anode 20 and the cathode 40, and becomes
trapped between the anode 20 and cathode 40. Energy from
the trapped light is absorbed in the layers interposed
between the anode 20 and the cathode 40. Accordingly, light
efficiency of the conventional EL display is reduced.

SUMMARY OF THE INVENTION

[0007] The present invention provides an EL display in
which light emitted from a light-emitting layer undergoes
constructive interference due to a resonance effect. As a
result, the EL display enhances light emission characteristics
such as luminance, light efficiency, and chromaticity. The
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present invention also provides an EL display that can adjust
the amount of light emitted from an anode and a cathode.

[0008] In accordance with the present invention, an EL
display comprises a transparent substrate, an anode and a
cathode formed on the same side of the transparent substrate,
and the intermediate layer interposed between the anode and
the cathode. The intermediate layer comprises a light-emit-
ting layer that emits light when the anode and the cathode
are electrically driven by an applied voltage, wherein the
anode and the cathode are formed as a translucent conduc-
tive layer that partially reflects the light emitted from the
light-emitting layer.

[0009] The intermediate layer, interposed between the
anode and the cathode, may be formed so that light reflected
by the anode and the cathode undergoes constructive inter-
ference due to a resonance effect.

[0010] The anode comprises a first transparent conductive
layer that transmits light and a first partially reflective layer
that partially reflects light, and the cathode comprises a
second transparent conductive layer that transmits light and
a second partially reflective layer that partially reflects light.

[0011] The first partially reflective layer is formed on an
inner surface or an outer surface of the first transparent
conductive layer. When the first transparent conductive layer
includes a first inner transparent conductive layer and a first
outer transparent conductive layer, the first partially reflec-
tive layer is formed in between.

[0012] The second partially reflective layer is formed on
an inner surface or an outer surface of the second transparent
conductive layer. When the second transparent conductive
layer includes a second inner transparent conductive layer
and a second outer transparent conductive layer, the second
partially reflective layer is formed in between.

[0013] The layers interposed between the first partially
reflective layer and the second partially reflective layer may
be formed so that light reflected by the first partially reflec-
tive layer and the second partially reflective layer undergoes
constructive interference due to a resonance effect.

[0014] The first transparent conductive layer and the sec-
ond transparent conductive layer may be made of a trans-
parent material selected from the group consisting of ITO,
120, and ZnO.

[0015] The first partially reflective layer may be made of
a partially reflective material selected from the group con-
sisting of Ag, Mg, Al, Pt, Pd, Au, Ni, Ir, and Cr, and the
second partially reflective layer may be made of a partially
reflective material selected from the group consisting of
Mg:Ag, Mg, Ca, Al, Ag, and Ba.

[0016] The first transparent conductive layer and the sec-
ond transparent conductive layer preferably have a thickness
of 50 to 300 nm. The first partially reflective layer and the
second partially reflective layer may have a thickness of 3 to
30 nm. The distance between the first partially reflective
layer and the second partially reflective layer may be in the
range of 50 to 500 nm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a cross-sectional view of a conventional
bi-directional emission-type EL is display;
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[0018] FIG. 2 is a cross-sectional view of an EL display
configured in accordance to a first embodiment of the
present invention;

[0019] FIG. 3 is a cross-sectional view of an EL display
configured in accordance to a second embodiment of the
present invention;

[0020] FIG. 4 is a cross-sectional view of an EL display
configured in accordance to a third embodiment of the
present invention; and

[0021] FIG. 5 is a cross-sectional view of an EL display
configured in accordance to a fourth embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0022] FIG. 2 illustrates one sub-pixel of a passive matrix
EL display configured in accordance to one embodiment of
the present invention. The EL display is a bi-directional
emission-type display including a transparent substrate 10,
an anode 200, a cathode 400, and an intermediate layer 30.
The transparent substrate 10 may be a glass substrate. The
anode 200, the intermediate layer 30, and the cathode 400
are formed on the transparent substrate 10.

[0023] The intermediate layer 30 is interposed between the
anode 200 and the cathode 400. The intermediate layer 30
includes a light-emitting layer 33 that emits light when a
voltage is applied across the anode 200 and the cathode 400.
The intermediate layer 30 includes 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. While other layers may be omitted if needed, the
light-emitting layer 33 cannot be omitted.

[0024] The EL display can be an organic EL display or an
inorganic EL display, depending upon material comprising
the light-emitting layer 33. In an organic EL display, the
light-emitting layer 33 is made of phthalocyanine, such as
copper phthalocyanine (CuPc), N,N'-di(naphthalene-1-yl)-
N,N'-diphenyl benzidine (NPB), or tris-8-hydroxyquinoline
aluminium (Alq3), or other similar materials. In an inorganic
EL display, the light-emitting layer 33 is made of metal
sulfide, such as ZnS, SrS, and CsS or alkaline earth-based
calcium sulfide, such as CaCa,S, and SrCa,S,, or other
similar materials and light emitting core atoms of transition
metals, such as Mn, Ce, Tb, Eu, Tm, Er, Pr, and Pb or
alkaline rare earth metals or other similar materials.
Although the EL display illustrated in FIG. 2 is an organic
display, an inorganic EL display also may be utilized in the
present invention. In an inorganic EL display, insulating
layers are interposed between the cathode 400 and the
light-emitting layer 33, and also between the anode 200 and
the light-emitting layer 33.

[0025] The anode 200 and the cathode 400 are located on
the same side of the transparent substrate 10. The interme-
diate layer 30, including the light-emitting layer 33, is
deposed between the anode 200 and the cathode 400. The
anode 200 and the cathode 400 are formed as a translucent
conductive layer that partially reflects light emitted from the
light-emitting layer 33. Both the anode 200 and the cathode
400 include transparent conductive layers 210 and 410,
respectively, and partially reflective layers, 220 and 420,
respectively. The first transparent conductive layer 210
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transmits light. The first partially reflective layer 220 is
formed on an inner surface 210a of the first transparent
conductive layer 210.

[0026] The cathode 400 includes a second transparent
conductive layer 410 that transmits light. A second partially
reflective layer 420 of the cathode 400 is formed on an inner
surface 4104 of the second transparent conductive layer 410.
The first and second partially reflective layers 220 and 420
partially reflect light. The layers 31,32,33,34,35 interposed
between the first partially reflective layer 220 and the second
partially reflective layer 420 are formed having reflective
indexes and thicknesses such that light, reflected by the first
partially reflective layer 220 and the second partially reflec-
tive layer 420, undergoes constructive interference due to a
resonance effect.

[0027] The first partially reflective layer 220 and the
second partially reflective layer 420 reflect relatively weak
light emitted from the light-emitting layer 33 that cannot
pass through the partially reflective layers 220 and 420. The
reflected light gains higher intensity due to constructive
interference with other light emitted from the light-emitting
layer 33 or other reflected light, and then the reflected light
having higher intensity is discharged through one of the
partially reflective layers 220 and 420.

[0028] Some light emitted from the light-emitting layer 33
vibrates between the anode 200 and the cathode 400. The
vibrating light undergoes constructive interference due to
resonance corresponding to a particular light wavelength.
The layers 31,32,33,34,35 arc each designed to have a
thickness and refractive index that produces constructive
interference of reflected light between the partially reflective
layers 220 and 420.

[0029] Some of the light emitted from the light-emitting
layer 33 has a relatively low intensity and smaller wave-
length amplitude, and such light is reflected back by the
partially reflective layers 220 and 420 toward the light-
emitting layer 33. As the reflected light continues to be
reflected between the light emitting layer 33 and the partially
reflective layers 220 and 420, the reflected light gains higher
intensity and larger wavelength amplitude as a result of
constructive interference with higher intensity light emitted
by the light-emitting layer 33. After the reflected light gains
a minimum intensity as a result of compounding construc-
tive interference, the reflected light is then discharged from
the EL layer 33 by passing through the partially reflective
layers 220 and 420 and the anode 200 and cathode 400.

[0030] As a result of the reflected light undergoing con-
structive interference and passing through the anode 200 and
the cathode 400, in addition to the partially reflective layers
220 and 420, the light efficiency of the EL display is
enhanced. Such constructive interference also enhances
luminance and chromaticity of the EL display.

[0031] The distance between the first partially reflective
layer 220 and the second partially reflective layer 420 may
be within a range of 50 to 500 nm, considering that the
wavelength of visible light is in the range of 380 to 770 nm.

[0032] The first transparent conductive layer 210 and the
second transparent conductive layer 410 may be made of a
transparent material selected from the group consisting of
indium tin oxide (ITO), indium zinc oxide (IZO), zinc oxide
(ZnO) and other similar materials. The first partially reflec-
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tive 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 or other similar materials. The second partially
reflective layer 420 preferably is made of a partially reflec-
tive material selected from the group consisting of Mg:Ag,
Mg, Ca, Al, Ag, and Ba or other similar materials.

[0033] As used in this specification, the term “transparent
material” indicates a material preferably having a visible
light transmittance of 50% or more with a 100 nm thickness.
The term “partially reflective material” preferably indicates
a material having both a light reflectivity and a light trans-
mittance of 40% or more, and light absorptivity of less than
30% with a 100 nm thickness.

[0034] The amount of light that passes through the first
partially reflective layer 220 and the second partially reflec-
tive layer 420 can be controlled by adjusting the thickness of
the partially reflective layers 220 and 420. In particular, this
is useful in a situation where the amount of light passing
through the anode 200 and the cathode 400 is required to be
relatively equal. In the exemplary embodiment, the first
transparent conductive layer 210 and the second transparent
conductive layer 410 each have a thickness of 50 to 300 nm.
If it is thinner than 50 nm, electrical conductivity is lowered.
On the other hand, if it is thicker 300 nm, light transmittance
is lowered and material cost increases. Preferably, both the
first partially reflective layer 220 and the second partially
reflective layer 420 have a thickness of 3 to 30 nm. If it is
thinner than 3 nm, light reflectivity decreases excessively.
On the other hand, if it is thicker than 30 nm, light trans-
mittance decreases too much.

[0035] The EL layer 30, interposed between the first
partially reflective layer 220 and the second partially reflec-
tive layer 420, may include all or some of the following
layers: 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. The layers 31,32,33,
3435, interposed between the first partially reflective layer
220 and the second partially reflective layer 420, are opti-
mized so that light reflected by the first partially reflective
layer 220 and the second partially reflective layer 420
undergoes constructive interference. The thickness of each
of the layers 31,32,33,34,35 is determined by the reflective
index of each of these layers and the wavelength of light
emitted from the light-emitting layer 33.

[0036] Turning now to some examples, discussed below
are an example of the present invention compared to an
example of a conventional design.

EXAMPLE 1

[0037] An EL display was prepared including the trans-
parent substrate 10, the first transparent conductive layer
210 made of ITO on the transparent substrate 10, the first
partially reflective layer 220 (20 nm thickness) made of Ag
on the first transparent conductive layer 210, the hole
injection layer 31 (10 nm thickness) made of CuPc on the
first partially reflective layer 220, the hole transport layer 32
(50 nm thickness) made of N,N'-di(1-naphtyl)-N,N'-diphe-
nylbenzidine (NPD) on the hole injection layer 31, the
light-emitting layer 33 (30 nm thickness) made of carbazole
biphenyl (CBP) doped with 5% tris (fac-phenylpyridien)
iridium on the hole transport layer 32, a hole blocking layer
(5 nm thickness) made of biphenoxy-bi(8-quinolinolato)alu-
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minum (BAlg) on the light-emitting layer 33, the electron
transport layer 34 (20 nm thickness) made of tris(8-quino-
linolato)aluminum (Alq) on the hole blocking layer, the
electron injection layer 35 (0.5 nm thickness) made of LiF
on the electron transport layer 34, the second partially
reflective layer 420 (6 nm thickness) made of Mg:Al (20:1)
on the electron injection layer 35, and the second transparent
conductive layer 410 (80 nm thickness) made of IZO on the
second partially reflective layer 420.

[0038] When this EL display was driven at 8 volts, light
emitted from the anode 200 had 400 cd/M? of luminance,
14.4 cd/A of light efficiency, and [0.27, 0.65] of chromatic-
ity. Light emitted from the cathode 400 had 210 cd/m* of
luminance, 8.0 ¢d/A of light efficiency, and [0.27, 0.65] of
chromaticity.

COMPARATIVE EXAMPLE 2
(CONVENTIONAL DESIGN)

[0039] An EL display was manufactured in the same
manner as in the preceding Example 1, except that the first
partially reflective layer 220 and the second partially reflec-
tive layer 420 were omitted. Comparative Example 2 cor-
responds to a conventional EL display.

[0040] When the EL display was driven at 8 Volts, light
emitted from an anode had 335 cd/m? of luminance, 12.5
cd/A of light efficiency, and [0.28, 0.62] of chromaticity.
Light emitted from a cathode had 98 cd/m? of luminance, 3.6
cd/A of light efficiency, and [0.29, 0.60] of chromaticity.

[0041] As scen from Example 1 and Comparative
Example 2, the luminance and light efficiency of the EL
display according to the exemplary embodiment of the
present invention (Example 1) are higher than those of the
conventional EL display (Comparative Example 2). In par-
ticular, the luminance and efficiency of light emitted from
the cathode of the EL display of Example 1 are more than
twice that of the light emitted from the cathode of Com-
parative Example 2. Chromaticity of the preceding Example
1 also is better than that of Comparative Example 2.

[0042] FIG. 3 illustrates an EL display configured in
accordance to another embodiment of the present invention.
As shown in FIG. 3, the EL display differs from the EL
display in FIG. 2 because the first partially reflective layer
220 is formed on the outer surface 2105 of a first transparent
conductive layer 210, and a second partially reflective layer
420 is formed on the outer surface 410b of a second
transparent conductive layer 410. Therefore, light reflected
by the first partially reflective layer 220 and the second
partially reflective layer 420 undergoes constructive inter-
ference between layers 31,32,33,34,35 as well as the first
transparent conductive layer 210 and the second transparent
conductive layer 410.

[0043] The first transparent conductive layer 210, an EL
layer 30, and the second transparent conductive layer 410
are interposed between the first partially reflective layer 220
and the second partially reflective layer 420. The EL layer 30
may include all or some of the following layers: 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. Preferably, the layers interposed between
the first partially reflective layer 220 and the second partially
reflective layer 420 are optimized so that light reflected by
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the first partially reflective layer 220 and the second partially
reflective layer 420 undergoes constructive interference.

[0044] FIG. 4 illustrates the present invention configured
in accordance to a third embodiment of the present inven-
tion. As shown in FIG. 4, the EL display is different from EL
display in FIGS. 2 and 3 because a first transparent con-
ductive layer 210 is formed on both surfaces of a first
partially reflective layer 220, and a second transparent
conductive layer 410 is formed on both surfaces of a second
partially reflective layer 420. The first transparent conduc-
tive layer 210 includes a first outer transparent conductive
layer 212 and a first inner transparent conductive layer 211,
and the first partially reflective layer 220 is interposed in
between. The second transparent conductive layer 410
includes a second outer transparent conductive layer 412 and
a second inner transparent conductive layer 411, and the
second partially reflective layer 420 is interposed in
between.

[0045] When the first partially reflective layer 220 is in
direct contact with another organic material layer, problems
may result due to a difference in energy levels. In order to
solve these problems, the first inner transparent conductive
layer 211 must be interposed between the first partially
reflective layer 220 and the organic material layer.

[0046] In this embodiment, the first inner transparent
conductive layer 211, an EL layer 30, and the second inner
transparent conductive layer 411 are interposed between the
first partially reflective layer 220 and the second partially
reflective layer 420. The EL layer 30 may include all or some
of the following layers: 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. Pref-
erably, the layers interposed between the first partially
reflective layer 220 and the second partially reflective layer
420 are optimized so that light reflected by the first partially
reflective layer 220 and the second partially reflective layer
420 undergoes constructive interference.

[0047] FIG. 5 illustrates another embodiment of the
present invention. This embodiment is a combination of the
first embodiment and the second embodiment. The EL
display shown in FIG. 5 includes an anode 200 of the first
embodiment and a cathode 400 of the second embodiment.
Of course, the present invention is not limited to this specific
combination. Each of the anodes 200 and cathodes 400
shown in each of the first three embodiments may be
interchanged in accordance with the present invention. The
EL display is simply one example of such combinations.

[0048] As is apparent from the above description, the
present invention provides an EL display providing
enhancements in luminance, chromaticity, and light effi-
ciency. An EL display configured in accordance with the
present invention provides higher luminance, thus enabling
power requirements to be reduced while still obtaining a
desired luminance. The present invention also provides an
EL display that can adjust the amount of light emitted from
an anode and a cathode.

[0049] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments 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 present invention as defined by the following claims.
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What is claimed is:
1. An electroluminescent (EL) display, comprising:

a transparent substrate;
an anode;
a cathode; and

an electroluminescent (EL) layer interposed between the
anode and the cathode,

wherein the EL layer comprises a light emitting layer that
emits light when the anode and the cathode are elec-
trically driven, and wherein the anode and the cathode
are formed as a translucent conductive layer that par-
tially reflects the light emitted from the light-emitting
layer.

2. The EL display of claim 1, wherein the EL layer
interposed between the anode and the cathode is formed so
that light reflected by the anode and the cathode undergoes
constructive interference by a resonance effect.

3. The EL display of claim 1, wherein the anode com-
prises a first transparent conductive layer that transmits light
and a first partially reflective layer that partially reflects
light, and the cathode comprises a second transparent con-
ductive layer that transmits light and a second partially
reflective layer that partially reflects light.

4. The EL display of claim 3, wherein the first partially
reflective layer is formed on an inner surface of the first
transparent conductive layer.

5. The EL display of claim 3, wherein the second partially
reflective layer is formed on an inner surface of the second
transparent conductive layer.

6. The EL display of claim 3, wherein the first partially
reflective layer is formed on an outer surface of the first
transparent conductive layer.

7. The EL display of claim 3, wherein the second partially
reflective layer is formed on an outer surface of the second
transparent conductive layer.

8. The EL display of claim 3, wherein when the first
transparent conductive layer comprises a first inner trans-
parent conductive layer and a first outer transparent conduc-
tive layer, the first partially reflective layer is formed ther-
ebetween.

9. The EL display of claim 3, wherein when the second
transparent conductive layer comprises a second inner trans-
parent conductive layer and a second outer transparent
conductive layer, the second partially reflective layer is
formed therebetween.

10. The EL display of claim 3, wherein layers interposed
between the first partially reflective layer and the second
partially reflective layer are formed so that light reflected by
the first partially reflective layer and the second partially
reflective layer undergoes constructive interference by a
resonance effect.

11. The EL display of claim 3, wherein the first transpar-
ent conductive layer is made of a transparent material
selected from the group consisting of ITO, IZO, and ZnO.

12. The EL display of claim 3, wherein the second
transparent conductive layer is made of a transparent mate-
rial selected from the group consisting of ITO, IZO, and
ZnO0.

13. The EL display of claim 3, wherein the first partially
reflective layer is made of a partially reflective material
selected from the group consisting of Ag, Mg, Al, Pt, Pd, Au,
Ni, Ir, and Cr or similar material.
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14. The EL display of claim 3, wherein the second
partially reflective layer is made of a partially reflective
material selected from the group consisting of Mg:Ag, Mg,
Ca, Al, Ag, and Ba or similar material.

15. The EL display of claim 3, wherein the first transpar-
ent conductive layer and the second transparent conductive
layer have a thickness of about 50 to about 300 nm.
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16. The EL display of claim 3, wherein the first partially
reflective layer and the second partially reflective layer have
a thickness of about 3 to about 30 nm.

17. The EL display of claim 3, wherein the distance
between the first partially reflective layer and the second
partially reflective layer is in the range of about 50 to about
500 nm.
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