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ABSTRACT

An inorganic electroluminescent device includes; a conduc-
tive layer, a fluorescent material layer disposed on a surface of
the conductive layer, a dielectric material layer disposed on a
surface of the conductive layer substantially opposite to the
surface on which the fluorescent material layer is disposed, a
first electrode disposed on the fluorescent layer, and a second
electrode disposed on the dielectric material layer.
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INORGANIC ELECTROLUMINESCENT
DEVICE AND DISPLAY APPARATUS
EMPLOYING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2008-0092924, filed on Sep. 22, 2008,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the contents of which in its entirety are herein incorporated by
reference.

BACKGROUND
[0002] 1. Field

[0003] One or more exemplary embodiments relate to an
inorganic electroluminescent device and a display apparatus
employing the same.

[0004] 2. Description of the Related Art

[0005] Electroluminescent devices use a phenomenon
wherein electrical energy is converted to light energy, and
such electroluminescent devices are used as lamp-type light
sources or may be used in active-luminescent display devices.
Electroluminescent devices can be divided into two different
types according to the materials that make up the luminescent
layers of the electroluminescent device: organic electrolumi-
nescent devices and inorganic electroluminescent devices.
Inorganic electroluminescent devices include powder-type
inorganic electroluminescent devices, which are widely used
as light sources for keypads for cellular phones, billboards,
simple medical equipments, and various other devices. How-
ever, it is difficult to embody a display apparatus using inor-
ganic electroluminescent devices due to crosstalk occurring
when the display apparatus employing inorganic electrolumi-
nescent devices is driven.

SUMMARY

[0006] One or more exemplary embodiments provide inor-
ganic electroluminescent devices reducing crosstalk when a
display apparatus is driven.

[0007] One or more exemplary embodiments provide a dis-
play apparatus employing inorganic electroluminescent
devices, such that crosstalk is reduced when the display appa-
ratus is driven.

[0008] Additional aspects, advantages and features will be
set forth in part in the description which follows and, in part,
will be apparent from the description, or may be learned by
practice of the invention.

[0009] One or more exemplary embodiments may include
an inorganic electroluminescent device including; a conduc-
tive layer, a fluorescent material layer disposed on a surface of
the conductive layer, a dielectric material layer disposed on a
surface of the conductive layer substantially opposite to the
surface on which the fluorescent material layer is disposed, a
first electrode disposed on the fluorescent material layer, and
a second electrode disposed on the dielectric material layer.

[0010] In one exemplary embodiment, at least one of the
first electrode and the second electrode may be a transparent
electrode.

[0011] Inoneexemplary embodiment, the conductive layer
may be formed of one of a conductive polymer, silver paste,
carbon nano tube (“CNT”) paste or a combination thereof.
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[0012] In one exemplary embodiment, an interface
between the conductive layer and the dielectric material layer
may have a substantially planar surface.

[0013] Oneormore exemplary embodiments may include a
display apparatus including a first electrode array including a
plurality of first electrodes arranged in a stripe shape, a sec-
ond electrode array including a plurality of second electrodes
arranged in a stripe shape extending substantially perpen-
dicular to the plurality of first electrodes of the first electrode
array, a conductive layer interposed between the first elec-
trode array and the second electrode array, a fluorescent mate-
rial layer interposed between the conductive layer and the first
electrode array, and a dielectric material layer interposed
between the conductive layer and the second electrode array.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Theseand/or other aspects, advantages, and features
of exemplary embodiments of the invention will become
apparent and more readily appreciated from the following
description of the embodiments, taken in conjunction with the
accompanying drawings of which:

[0015] FIG. 1 is a schematic diagram illustrating an exem-
plary embodiment of an inorganic electroluminescent device
according to the present invention;

[0016] FIG. 2 is schematic a diagram illustrating another
exemplary embodiment of an inorganic electroluminescent
device according to the present invention;

[0017] FIG. 3 is a schematic diagram showing a compara-
tive embodiment of an inorganic electroluminescent device
for comparing to an exemplary embodiment of an inorganic
electroluminescent device according to the present invention;
[0018] FIG. 4 is a graph showing a comparison of bright-
ness changes with respect to driving voltages between an
exemplary embodiment of an inorganic electroluminescent
device according to the present invention and the comparative
embodiment of an inorganic electroluminescent device; and
[0019] FIG. 5 is a schematic diagram illustrating an exem-
plary embodiment of a display apparatus according to the
present invention.

DETAILED DESCRIPTION

[0020] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which embodiments of the invention are shown. This inven-
tion may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0021] 1t will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

[0022] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
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distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the present invention.

[0023] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” or “includes” and/or “including” when used
in this specification, specify the presence of stated features,
regions, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, regions, integers, steps, operations, ele-
ments, components, and/or groups thereof.

[0024] Furthermore, relative terms, such as “lower” or
“bottom™ and “upper” or “top,” may be used herein to
describe one element’s relationship to another elements as
illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, if the device in one of the figures is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on “upper” sides of the other
elements. The exemplary term “lower”, can therefore,
encompasses both an orientation of “lower” and “upper,”
depending on the particular orientation of the figure. Simi-
larly, ifthe device in one of the figures is turned over, elements
described as “below” or “beneath” other elements would then
be oriented “above” the other elements. The exemplary terms
“below” or “beneath” can, therefore, encompass both an ori-
entation of above and below.

[0025] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0026] Exemplary embodiments of the present invention
are described herein with reference to cross section illustra-
tions that are schematic illustrations of idealized embodi-
ments of the present invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the present invention should not be
construed as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes that result,
for example, from manufacturing. For example, a region
illustrated or described as flat may, typically, have rough
and/or nonlinear features. Moreover, sharp angles that are
illustrated may be rounded. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are not
intended to limit the scope of the present invention.

[0027] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
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examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

[0028] Hereinafter, an exemplary embodiment of an inor-
ganic electroluminescent device and an exemplary embodi-
ment of a display apparatus employing the same will be
described in detail. The present exemplary embodiment of an
inorganic electroluminescent device includes a conductive
layer, a fluorescent material layer disposed on one surface of
the conductive layer, and a dielectric material layer disposed
on the other surface of the conductive layer.

[0029] FIG. 1 is a schematic diagram illustrating an exem-
plary embodiment of an inorganic electroluminescent device.
[0030] Referring to FIG. 1, the present exemplary embodi-
ment of an inorganic electroluminescent device includes a
fluorescent material layer 15 disposed on a first electrode 12,
a conductive layer 17 disposed on the fluorescent material
layer 17, a dielectric material layer 20 disposed on the con-
ductive layer 17, and a second electrode 22 disposed on the
dielectric material layer 20. Exemplary embodiments include
configurations wherein a substrate 10 may be disposed below
the first electrode 12. Exemplary embodiments include con-
figurations wherein the fluorescent material layer 15 may be
formed as powders. Exemplary embodiments include con-
figurations wherein at least one of the first electrode 12 and
the second electrode 22 may be formed as an indium tin oxide
(“ITO”) transparent electrode, and an electrode through
which luminescent light generated by the fluorescent material
layer 15 travels may be formed as a transparent electrode. The
present exemplary embodiment of an inorganic electrolumi-
nescent device shown in FIG. 1 is a bottom view type elec-
troluminescent device wherein luminescent light is transmit-
ted in a direction toward the substrate 10, and the first
electrode 12 may be formed as a transparent electrode.
[0031] FIG. 2 is schematic a diagram illustrating another
exemplary embodiment of an inorganic electroluminescent
device according to the present invention;

[0032] Referring to FIG. 2, the exemplary embodiment of
an inorganic electroluminescent device shown in FIG. 2 is a
top view type electroluminescent device including a first elec-
trode 52 disposed on a substrate 50, a dielectric material layer
55 disposed on the first electrode 52, a conductive layer 57
disposed on the dielectric material layer 55, and a fluorescent
material layer 60 disposed on the conductive layer 57. A
second electrode 62 is disposed on the fluorescent material
layer 60. In the present exemplary embodiment, the second
electrode 62 may be formed as a transparent electrode. Fur-
thermore, exemplary embodiments include configurations
wherein both of the first electrode 52 and the second electrode
62 may be formed as transparent electrodes.

[0033] According to the above described exemplary
embodiments, the conductive layers 17 and 57 are interposed
between the fluorescent material layers 15 and 60 and the
dielectric material layers 20 and 55, respectively, and inter-
faces between the conductive layers 17 and 57 and the dielec-
tric material layers 20 and 55 are formed to have even, sub-
stantially planar, surfaces. Exemplary embodiments of the
conductive layers 17 and 57 are formed of a conductive mate-
rial. Exemplary embodiments of the conductive layers 17 and
57 may be formed of at least one of a conductive polymer,
silver paste, carbon nano tube (“CNT”) paste, combinations
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thereof, or other materials having similar characteristics.
Exemplary embodiments include configurations wherein the
conductive layers 17 and 57 may be formed using methods
such as screen printing, spin coating, electroplating, spraying
or other similar methods. Furthermore, exemplary embodi-
ments of the fluorescent material layers 15 and 60, the dielec-
tric material layers 20 and 55, the first electrodes 12 and 52,
and the second electrodes 22 and 62 may be formed using the
screen printing method, or other similar methods.

[0034] Next, operations of an exemplary embodiment of an
inorganic electroluminescent device will be described. When
a voltage is applied to the inorganic electroluminescent
device, an electric field is generated between the first elec-
trode 12 or 52 and the second electrode 22 or 62. Electrons,
which exit from the dielectric material layer 20 or 55, are
accelerated by the electric field and collide against a fluores-
cent material in the fluorescent material layer 15 or 60.
[0035] The thickness of the dielectric material layer 20 or
55 in exemplary embodiments of the inorganic electrolumi-
nescent device is substantially constant, and an interface
between the dielectric material layer 20 or 55 and the con-
ductive layer 17 or 57 is formed to have an even, substantially
planar, surface. Thus, the electric field is evenly generated in
the dielectric material layer 20 or 55. Since the conductive
layer 17 or 57 is not affected by the electric field, the electric
field generated in the dielectric material layer 20 or 55 is
directly applied to the fluorescent material layer 15 or 60 as if
the conductive layer 17 or 57 was not present. Therefore, an
electric field generated in the dielectric material layer 20 or 55
is applied to the fluorescent material layer 15 or 60 substan-
tially simultaneously with the application of the electric field
across the first and second electrodes 12 and 22 and 52 and 62,
respectively. In one exemplary embodiment, electrons are
injected from the dielectric material layer 20 or 55 into the
fluorescent material layer 15 or 60 substantially simulta-
neously with the application of an electric field to the first and
second electrodes 12 and 22 and 52 and 62, respectively.
Thus, the fluorescent material layer 15 or 60 begins to emit
light when the electric field exceeds a predetermined thresh-
old voltage, and the fluorescent material layer 15 or 60 does
not emit light if electric field is below the threshold voltage.
[0036] For an easier explanation of the operations of the
exemplary embodiment of an inorganic electroluminescent
device, a comparative embodiment of an inorganic electrolu-
minescent device is shown in FIG. 3. The inorganic electrolu-
minescent device shown in FIG. 3 includes a substrate 100, a
first electrode 103, a fluorescent material layer 105, a dielec-
tric material layer 107, and a second electrode 110, wherein
no conductive layer is interposed between the fluorescent
material layer 105 and the dielectric material layer 107.
[0037] Since the fluorescent material layer 105 is formed as
apowder including a plurality of granules as shown in FIG. 3,
an interface between the fluorescent material layer 105 and
the dielectric material layer 107 has an uneven surface. Dueto
the uneven nature of the dielectric material layer 107 surface,
the thickness of the dielectric material layer 107 is not con-
stant. Thus, when voltages are applied to the first electrode
103 and the second electrode 110, an electric field formed in
the dielectric material layer 107 is non-uniform, and thus
electric fields affecting each of the individual granules of the
powder forming the fluorescent material layer are not uni-
form. Therefore, the individual granules of the fluorescent
material layer 105 do not emit a uniform amount of light, and
light is sequentially emitted from the granules of the fluores-

Mar. 25, 2010

cent material layer closest to the top surface of the dielectric
material layer 107 to the fluorescent material farthest from the
top surface of the dielectric material layer 107. Therefore, as
shown in FIG. 4, the brightness of the comparative embodi-
ment of an inorganic electroluminescent device with respect
to the driving voltage changes in a linear fashion in the com-
parative embodiment (B).

[0038] When the comparative embodiment is employed in
adisplay apparatus, crosstalk occurs. In a display apparatus in
which the pixels thereof include the comparative embodiment
of an inorganic electroluminescent device shown in FIG. 3,
when the driving voltage is applied to a predetermined pixel,
the pixels adjacent to the predetermined pixel are also
affected by the driving voltage. In other words, the driving
voltage is also partially applied to the pixels adjacent to the
predetermined pixel. In the embodiment wherein a driving
voltage of 120V is applied to a predetermined pixel, voltages
of approximately 40 V may be applied to the pixels adjacent
to the predetermined pixel. In such a situation, if the bright-
ness changes in a linear fashion with respect to the driving
voltages, undesired pixels emit light even when only a voltage
of 40 V is applied thereto, and thus undesirable crosstalk
occurs.

[0039] In contrast, in the above-described exemplary
embodiments of inorganic electroluminescent devices, an
electric field is applied to the fluorescent material layer 15 or
60 substantially simultaneously as the application of the elec-
tric field due to the conductive layer 17 or 57 interposed
between the fluorescent material layer 15 or 60 and the dielec-
tric material layer 20 or 55. Thus, the brightness of light
emitted by the fluorescent material layer 15 or 60 changes
exponentially with respect to the driving voltages applied
thereto as indicated by line A in FIG. 4. In other words, the
fluorescent material layer 15 or 60 emits light with respect to
the voltage exceeding a predetermined threshold. In one
exemplary embodiment, when a driving voltage of 120V is
applied to a pixel and a voltage of approximately 40 V is
applied to an adjacent pixel, a fluorescent material layer of the
adjacent pixel does not emit light, and thus an undesirable
crosstalk may be reduced or effectively eliminated. In one
exemplary embodiment, the threshold of the driving voltage
at which a fluorescent material layer begins to emit light may
be controlled by changing the thickness of a dielectric mate-
rial layer.

[0040] Since the exemplary embodiment of an inorganic
electroluminescent device can reduce crosstalk as described
above, an exemplary embodiment of a display apparatus
employing the exemplary embodiment of an inorganic elec-
troluminescent device can be constructed. Next, the exem-
plary embodiment of a display apparatus according to the
present invention will be described.

[0041] FIG. 5 illustrates an exemplary embodiment of a
display apparatus according to the present invention. Refer-
ring to FIGS. 1, 2, and 5, the display apparatus includes a first
electrode array 72 in which a plurality of first electrodes 12 or
52 are arranged in stripe shapes and a second electrode array
82 in which a plurality of second electrodes 22 or 62 are
arranged in stripe shapes. The first electrode array 72 and the
second electrode array 82 are arranged to be substantially
perpendicular to one another. In one exemplary embodiment,
a pixel 90 may be formed at each intersection where the first
electrodes 12 or 52 and the second electrodes 22 or 62 cross
over each other. According to a cross-sectional view of the
pixel 90, obtained along a line A-A, each of the pixels 90 has
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a layer structure of the exemplary embodiment of an inor-
ganic electroluminescent device shown in FIG. 1 or FIG. 2.
As shown in FIG. 1, the conductive layer 17 may be inter-
posed between the first electrode 12 and the second electrode
22, the fluorescent material layer 15 may be interposed
between the conductive layer 17 and the first electrode 12, and
the dielectric material layer 20 may be interposed between the
conductive layer 17 and the second electrode 22. Referring to
FIG. 2, the conductive layer 57 may be interposed between
the first electrode 52 and the second electrode 62, the dielec-
tric material layer 55 may be interposed between the first
electrode 52 and the conductive layer 57, and the fluorescent
material layer 60 may be interposed between the second
electrode 62 and the conductive layer 57. Furthermore, exem-
plary embodiments include configurations wherein the sub-
strate 10 or 50, shown in FIGS. 1 and 2, may be disposed
below the first electrode array 72.

[0042] In the present exemplary embodiment of a display
apparatus, a voltage is selectively applied to one of the first
electrode array 72 and the second electrode array 82 to apply
a voltage to a predetermined pixel. When a voltage is applied
to the predetermined pixel, an electric field is applied to the
predetermined pixel, and the fluorescent material layer 15 or
60 of the predetermined pixel emits light, and thus, an image
is displayed.

[0043] An exemplary embodiment of a display apparatus
according to the present invention includes a conductive layer
disposed between a dielectric material layer and a fluorescent
material layer such that an electric field is applied to the
fluorescent material layer substantially simultaneously as a
driving voltage is applied to the display apparatus. Thus,
crosstalk in adjacent pixels is inhibited. Accordingly, a dis-
play apparatus can be driven. Although descriptions of the
exemplary embodiments above are regarding a passive matrix
structure, alternative exemplary embodiments may also be
applied to an active matrix structure.

[0044] As described above, according to the one or more of
the above exemplary embodiments, an exemplary embodi-
ment ofa display apparatus employing an exemplary embodi-
ment of an inorganic electroluminescent device, which
reduces crosstalk, can be embodied.

[0045] It should be understood that the exemplary embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.

What is claimed is:

1. An inorganic electroluminescent device comprising:

a conductive layer;

a fluorescent material layer disposed on a surface of the
conductive layer;

a dielectric material layer disposed on a surface of the
conductive layer substantially opposite to the surface on
which the fluorescent material layer is disposed;

a first electrode disposed on the fluorescent material layer;
and

asecond electrode disposed on the dielectric material layer.

2. The inorganic electroluminescent device of claim 1,

wherein at least one of the first electrode and the second
electrode is a transparent electrode.
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3. The inorganic electroluminescent device of claim 1,
wherein the conductive layer comprises at least one of a
conductive polymer, silver paste, carbon nano tube paste or a
combination thereof.

4. The inorganic electroluminescent device of claim 1,
wherein an interface between the conductive layer and the
dielectric material layer has a substantially planar surface.

5. The inorganic electroluminescent device of claim 1,
wherein the fluorescent material layer is a powder.

6. The inorganic electroluminescent device of claim 5,
wherein the fluorescent material layer includes a plurality of
granules.

7. The inorganic electroluminescent device of claim 1,
wherein a thickness of the conductive layer varies according
to a thickness of the fluorescent material layer.

8. The inorganic electroluminescent device of claim 1,
wherein the dielectric material layer has a substantially uni-
form thickness.

9. A display apparatus comprising:

a first electrode array including a plurality of first elec-

trodes arranged in stripe shapes;

a second electrode array including a plurality of second
electrodes arranged in stripe shapes extending substan-
tially perpendicular to the plurality of first electrodes of
the first electrode array;

a conductive layer interposed between the first electrode
array and the second electrode array;

a fluorescent material layer interposed between the con-
ductive layer and the first electrode array; and

a dielectric material layer interposed between the conduc-
tive layer and the second electrode array.

10. The display apparatus of claim 9, wherein at least one
of'the first electrode and the second electrode is a transparent
electrode.

11. The display apparatus of claim 9, wherein the conduc-
tive layer comprises at least one of a conductive polymer,
silver paste, carbon nano tube paste or a combination thereof.

12. The display apparatus of claim 9, wherein an interface
between the conductive layer and the dielectric material layer
has a substantially planar surface.

13. The display apparatus of claim 9, wherein the fluores-
cent material layer is a powder.

14. The display apparatus of claim 12, wherein the fluo-
rescent material layer includes a plurality of granules.

15. The display apparatus of claim 9, wherein a thickness
of the conductive layer varies according to a thickness of the
fluorescent material layer.

16. The display apparatus of claim 9, wherein the dielectric
material layer has a substantially uniform thickness.

17. A method of manufacturing an inorganic electrolumi-
nescent device, the method comprising:

providing a conductive layer;

disposing a fluorescent material layer on a surface of the
conductive layer;

disposing a dielectric material layer on a surface of the
conductive layer substantially opposite to the surface on
which the fluorescent material layer is disposed;

disposing a first electrode on the fluorescent material layer;
and

disposing a second electrode on the dielectric material
layer.
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