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[57] ABSTRACT

Light-emitting bipolar devices consist of a light-emitter
formed from an electroluminescent organic light-emitting
material in contact with an insulating material. The light

emitter is in contact with two electrodes that are maintained
in spaced apart relation with each other. The light emitter can
be formed as an integral mixture of light emitting materials
and insulating materials or as separate layers of light-
emitting and insulating materials. The devices operate with
AC voltage of less than twenty-four volts and in some
instances at less than five volts. Under AC driving. the
devices produce modulated light output that can be fre-
quency or amplitude modulated. Under DC driving. the
devices operate in both forward and reverse bias.

70 Claims, 7 Drawing Sheets
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BIPOLAR ELECTROLUMINESCENT
DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to light-emitting devices driven by
an electric field and which are commonly referred to as
electroluminescent devices. In particular, this invention
relates to electroluminescent devices having a light emitter
formed from an electroluminescent light-emitting material
and an insulating material and which is capable of being
driven by either a positive or negative electric field, that is,
the device is capable of being used with either a forward or
reverse electrical potential. Most particularly, the invention
relates to a light emitter capable of being driven by an
alternating electric field. that is, the light emitter is capable
or being driven by the alternating voltages associated with
an alternating current in either a forward or reverse current
direction.

2. Background

Inorganic electroluminescence devices were discovered
by Destriau in 1936. Destriau observed that when suitably
prepared inorganic zinc sulfide phosphor powders activated
with small additions of copper, were suspended in an insu-
lator and an intense alternating electric field (15 kV) applied
with capacitor-like electrodes, light emission resulted. Elec-
troluminescent research gained further impetus with the
advent of transparent conducting electrodes based on tin
oxide (SnQ,) in the late 1940’s. Typically early devices were
composed of two sheets of electrically conductive material
serving as electrodes, one a thin conducting backing and the
other a transparent conductive film, placed on opposite sides
of a plastic or ceramic sheet impregnated with an inorganic
phosphor, such as zinc sulfide doped with small amounts of
copper or manganese. A transparent glass sheet placed next
to the transparent conductive sheet served as an outermost
protective substrate. Application of an alternating voltage to
the electrodes caused an electric field to be applied to the
phosphor. Each time the field would change, radiation of the
wavelength of visible light was emitted. Although a large
amount of research and investigation was conducted on the
alternating current electroluminescent devices, the devices
never achieved practical application although they were
originally highly touted as a room lighting source.
Unfortunately, at high brightness levels, the AC electrolu-
minescent devices exhibited a very short life and after about
1963, most of the research into the AC electroluminescence
devices was severely curtailed. The most recent efforts in
this area have been directed to a molecular carbon
(fullerene-60) system. The high voltage drive requirements,
the associated high cost of drive circuitry, poor stability, and
lack of color tunability have made these devices cost pro-
hibitive.

Two other inorganic devices, 1) direct current (DC)
inorganic semiconductor light emitting diodes (LEDs) and
2) fluorescent ion doped inorganic semiconductor thin film
devices, trace their origins to the mid-fifties. Light emitting
diodes based on forward biased inorganic semiconductor p-n
junctions are limited to small area applications as a result of
color. efficiency, and cost limitations. The other inorganic
devices, fluorescent ion-doped inorganic semiconductor thin
film devices, require high operating voltages to accelerate
electrons or holes to sufficient energies in order to excite or
ionize the fluorescent ion centers. Such high operating
voltages result in thin-film instability and failure of such
devices.
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In the last decade, there has been an emerging interest in
direct current (DC) molecular and polymer electrolumines-
cence devices. A variety of organic molecules and conju-
gated polymers, copolymers, and mixtures have been found
to exhibit electroluminescent properties. Light-emitting
diodes incorporating these materials have demonstrated all
of the necessary colors (red, green and blue) needed for
display applications. However, a need continues to exist to
lower the device operating voltages and to increase their
light-emitting (output) efficiency. Further improvements in
charge injection and the balancing of charge transport are
needed. Because of the asymmetry of the device
configuration, efficient charge injection occurs only in one
direction (forward DC bias). Under reverse bias, most of the
devices either degrade quickly or show very poor perfor-
mance. Although efforts have been made to improve the
charge injection efficiency by the use of low work function
electrodes such as calcium or magnesium and the use of an
electron transporting material to improve negative charge
(electron) injection, such devices continue to be operational
only in one direction. Similarly, efforts have been made to
improve charge injection efficiency by the use of high work
function electrodes such as indium tin oxide (ITO) or gold
and the use of hole transporting materials to improve posi-
tive charge (hole) injection. Such devices also continue to be
fully operational in only one direction. A need continues to
exist to develop bipolar devices that have low turn on and
operating voltages, flexibility, large area, high operating
(light output) efficiency and low production cost.

It is an object of the present invention to provide an
alternating or reversible direct voltage drive electrolumines-
cent device.

It is an object of the present invention to provide a low
operating voltage electroluminescent device.

It is an object of the present invention to provide an
electroluminescent device using electroluminescent organic
materials including organic molecules and organic poly-
mers.

It is an object of the present invention to provide a flexible
electroluminescent device.

It is an object of the present invention to provide a large
electroluminescent area device.

It is an object of the present invention to provide a device
with a longer lifetime.

It is an object of the present imvention to provide an
electroluminescent device with high emissive light output.

It is an object of the present invention to provide fre-
quency modulated light output.

It is an object of the present invention to provide ampli-
tude modulated light output.

SUMMARY OF THE INVENTION

These objects have been met with the present invention of
a bipolar electroluminescent organic material device. This
device features a light emitter composed of an electrolumi-
nescent organic light-emitting material in contact with an
insulating material. The light emitter is also in electrical
contact with a first electrode and a second electrode with the
first and second electrodes arranged in spaced relation with
each other. The first electrode and the second electrode are
electrically connected to a potential difference in either
direction. That is, the first electrode can be connected to a
positive potential (anode) while the second electrode is
connected to a negative potential (cathode) or the connec-
tions can be reversed, with the first electrode connected to a
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negative potential while the second electrode is connected to
a positive potential (opposite current direction). Since the
device can be operated in either current direction with
similar output efficiency, the device is referred to as a bipolar
device. Such an arrangement of electroluminescent organic
light-emitting material and insulating material and the first
and second electrodes is of particular advantage in that it
allows the device to be driven with an alternating voltage,
that is. the device can and is preferably used with an
alternating current.

A wide variety of electroluminescent organic light-
emitting materials, insulating materials and electrode mate-
rials can be used in the device. The organic light-emitting
material and the insulating material contact each other to
form the light emitter. The light emitter is in electrical
contact with two electrodes that are themselves in spaced
apart relation to each other. The electrodes are attached to a
potential difference in either polarity and preferably to an
alternating potential difference associated with alternating
current. The light emitter can be fabricated in many ways
including 1) as a mixture of insulating material and light-
emitting material, 2) as a layer of insulating material in
contact with the light-emitting material, and 3) as a layer of
light-emitting material sandwiched between two layers of
contacting insulating material. As used here, the term mix-
ture is defined to include both uniform and nonuniform
distributions of components and is inclusive of terms such as
blends and dispersions. When a single layer of insulating
material is used together with light-emitting material(s), one
of the electrodes is in contact with the light-emitting mate-
rial and the second electrode is in contact with the insulating
material. In such cases, the first electrode. which is in
contact with the insulating material, preferably has a higher
electron work function than the second electrode. When two
layers of insulating material sandwich the light-emitting
material, one of the electrodes contacts one of the insulating
layers while the other electrode contacts the other insulating
layer.

Electroluminescent organic light-emitting materials
include both molecular and polymer forms. These materials
include light-emitting polymeric polypyridines such as poly
(p-pyridines), copolymers such as poly(phenylenevinylene
pyridylvinylene) and light-emitting molecules such as
8-hydroxyquinoline. Insulating materials include a wide
variety of ceramics such as aluminum oxide and inorganic
and organic materials such as polysilane,
polymethylmethacylate, nylon, emeraldine base (an insulat-
ing polyaniline polymer) and organic molecules such as
2-(4-biphenyl)-5-(4-tert-butylphenyl)-1.3.4 oxdiazole. Elec-
trodes can be fashioned from any suitable conductor
including. but not limited to, a wide variety of conducting
materials including 1) indium tin-oxide, 2) metals such as
gold, aluminum, calcium, silver, copper. indium. 3) alloys
such as magnesium-silver, 4) conducting fibers such as
carbon fibers, and 5) highly-conducting organic polymers
such as highly-conducting doped polyaniline and highty-
conducting doped polypyrrole.

In typical applications where the device is used for
lighting and display. at least one of the electrodes is fash-
ioned from a transparent material such as indium tin oxide
or a partially transparent material such as highly-conducting
doped polyaniline. The insulating material may also be
transparent or partially transparent and fabricated from an
optically clear insulating polymer such as polymethyl-
methacylate or a partially transparent insulating polymer
such as the insulating emeraldine base form of polyaniline.
Partially transparent electrodes and insulators can be used to

10

15

25

30

35

45

50

35

65

4

advantage to filter or clip unwanted portions (frequencies) of
light coming from the organic light-emitting material.

For ease of manufacture and safety purposes, it is often
desirable to form the device on a substrate which also serves
to protect and often insulates (both physically and
electrically) the device during use. Glass or clear electrically
insulating plastic substrates are preferable when the device
is used for lighting and display purposes. An AC driven
device is especially suitable for light emission from both
sides of the device in which case all of the insulating
material and electrode materials are at least partially trans-
parent as well as any protective substrates that may be used
with one or both electrodes.

It is noted that it is not necessary that either the electrode
material or insulating material be transparent or even par-
tially transparent. In cases where the insulating and electrode
materials are opaque to the emitted light, light emission from
the edge of the device may be utilized in, for example,
coupling applications such as in coupling the device to an
optical fiber. Since the device can be AC driven., it has the
advantage of delivering modulated light output in frequency
modulated or amplitude modulated form.

The invention features a relatively low turn-on and oper-
ating AC or DC voltage of less than about 24 volts. More
preferably a turn-on and operating voltage of less than about
12 and less than about 6 volts have been achieved. In some
cases a turn-on and operating voltage of less than about 5
volts has been achieved. These low voltages make these
devices particularly advantageous for use in toys, as com-
mercial light strips such as found on airplanes and in
theaters, as signs, and as flat panel displays for computer and
television use.

The foregoing and other advantages of the invention will
become apparent from the following disclosure in which one
or more preferred embodiments of the invention are
described in detail and illustrated in the accompanying
drawings. It is contemplated that variations in procedures,
processing, structural features, arrangement of parts, experi-
mental design, ingredients. compositions, compounds, and
elements may appear to a person skilled in the art without
departing from the scope of or sacrificing any of the advan-
tages of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing of the bipolar device of the
present invention.

FIG. 2 is a current voltage (I-V) curve for an Indium
Tin-Oxide/Poly(p-pyridine) and Nylon/Aluminum device of
Example 1 showing voltage on the horizontal axis in volts
(V) and current on the vertical axis in milliamperes (mA).

FIG. 3 is the electroluminescence spectrum of Indium
Tin-Oxide/Emeraldine Base/Poly(p-pyridine)/Aluminum
device of Example IV showing wavelength in nanometers
on the harizontal axis and electroluminescence intensity in
arbitrary units (a.u.) on the vertical axis.

FIG. 4 is a schematic drawing of an alternate embodiment
of the present invention showing the light emitter formed as
a layer of insulating material and a layer of light-emitting
material.

FIG. 5 is a current voltage (I-V) curve for Indium Tin-
Oxide/Polymethylmethacrylate/Poly(p-pyridine)/
Aluminum device Example VIII showing voltage on the
horizontal axis in volts (V) and current on the vertical axis
in milliamperes (mA).

FIG. 6 is a current voltage (I-V) curve for the Indium Tin
Oxide/Polymethylmethacrylate/Poly(p-pyridylvinylene)/
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