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[57] ABSTRACT

Light emitting bipolar devices consist of an electrolumines-
cent organic light emitting material sandwiched between
two layers of insulating material each of which is in contact
with an electrode. The devices operate with AC voltage at
voltages of less than twenty four volts and in some instances
at less than five volts. Under AC driving, the device pro-
duces modulated light output that can be frequency or
amplitude modulated. Under DC driving, the device oper-
ates in both forward and reverse bias.

47 Claims, 4 Drawing Sheets

Y
}6
2 ~— ELECTRODE (2)
167 INSULATOR (2) 24
12 ORGANIC LIGHT EMITTER
14~ INSULATOR (1)
18~ ELECTRODE (1)
26
28~ SUBSTRATE

Copy provided by USPTO from the CSIR Image Database on 04-10-2002



5,858,561
Page 2

OTHER PUBLICATIONS

Jeglinski, S.A,, et al., “Electrically Symmetric Poly(Phe-
nylene Acteylene) Diodes.” Mol. Cryst. Lig. Cryst., vol. 256
(1994), pp. 555-561.

Mach, R., “Thin Film Electroluminescence Devices.” in:
Kitai, A. H., Solid State Luminescence (London, Chapman
& Hall 1993), pp. 229-263.

Osaheni, John A, et al., “Spectroscopic and Morphological
Studies of Highly Conducting Ion—Implanted Rigid—Rod
and Ladder Polymers.” Macromolecules, vol. 25 (nov. 21,
1992), pp. 5828-5835.

Romero, D.B., “Effects of Doping in Polymer Light—Emit-
ting Diodes.” Bulletin of the American Physical Society, vol.
40 (Feb. 10, 1995), [Abstract submitted for Meeting of the
American Physical Society, San Jose, CA, Mar. 1995].

Copy provided by USPTO from the CSIR Image Database on 04-10-2002



U.S. Patent Jan. 12, 1999 Sheet 1 of 4 5,858,561

<
N
S -8
14
T \
- .
S ) E | T| w Q
u r x| W | E W
ol E| o| 28| &
o) - L - O
4 < O < 14 e
= J 3| 3| £ | &
O o oD o
w n O » | W >
m 2| 2| 2| w
)
1
O

10\
22 ~—
164
12
14 ~
18 ~

28 —~.

Copy provided by USPTO from the CSIR Image Database on 04-10-2002



U.S. Patent Jan. 12, 1999 Sheet 2 of 4 5,858,561

1_2 :I T T T l T T T T l T 1 1 T ] T T 1T 1 I T ¥ I T l T | L T l T L ] l:

11F E
— 10F =
2 C 3
S 09 3
) : .
S 08¢ ]
2 - .
g 0.7 g‘ E
£ 06F —
) - ]
Q - .
Q 0.5 [ -]
3 - .
2 " .
.E 0.4 :_ _:
g - .
5 0.3 = :
3 02F -
w - N

0.1F =

0.0 :l 1 ] 1 I 1 1 1.1 1 1 i1 1 l 1 1 1 1 I 1 1 1 l 1 i 1 1 I ) |3 1 1:

400 450 500 550 600 650 700 750
Wavelength (nm)

FIG. 2

Copy provided by USPTO from the CSIR Image Database on 04-10-2002



U.S. Patent Jan. 12, 1999 Sheet 3 of 4 5,858,561

20_TllIIIIIT"IIII]I,'I‘IIlll”‘]l|III|"‘]1'|II||'I-

i ! j

L | .

15 i ]

- i F ]

R l -

10 - i C 4 .

; i :

< 5f | ;
E i

'E' o-—————————a~— —

s | -

| - I .

=3 L . ]

O -5 : —
N o |

- @ . 4

-10 Y ! ]

! i

¥ o 1 ]

-15 - P | ]
I 4 !

_20_llll|lll.lllilllIlllJlllIlllllllllllllll|l]l|lllL—

-10 8 6 4 2 0 2 4 6 8 10
Voltage (V)

FIG. 3

Copy provided by USPTO from the CSIR Image Database on 04-10-2002



U.S. Patent Jan. 12, 1999 Sheet 4 of 4 5,858,561

10 B llll]lIll]rlrr]'_rllll|ll||||l'||‘l’]|IIIIIIITTT,'_ 10
. , - 18 _
‘ "{ ) . ::
! ) 46 S
! 3 4 ] =
n g ) 14 2
S ; ., |8
’;;' i ‘ ‘, ] 2 £
o ) ‘ . (b}
8 o &
= i 0}
> - 3
®) 5 3 -2 ()
< - 1 £
: 14 5
; -
s 1-6 ©
- ] @
8L 18 U

_10 :Illlll||lllllll]lllllllllllll]lllllllllI|ll]||lll: _10

0 5 10 15 20 25 30 35 40 45 50

Time (ms)

FIG. 4

Copy provided by USPTO from the CSIR Image Database on 04-10-2002



5,858,561

1

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 an organic
electroluminescent material 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 current. Most particularly, the invention relates to
an electroluminescent organic material device capable of
being driven by an alternating electric field, that is, the
electroluminescent organic material device is capable of
being driven by the alternating voltages associated with an
alternating current.

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 (SnO,) 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 accel-
erate 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.

In the last decade, there has been an emerging interest in
direct current (DC) molecular and polymer electrolumines-
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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
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 a low
operating voltage electroluminescent device.

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 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 invention 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 an electroluminescent organic material sand-
wiched between a first electrically insulating material and a
second insulating material. That is, the first insulating mate-
rial and the second insulating material contact the electrolu-
minescent material on opposite sides in sandwich fashion.
The first insulating material is in electrical contact with a
first electrode while the second insulating material is in
electrical contact with a second electrode. The first electrode
and the second are connected to a voltage source (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 connections can be reversed, with the first electrode

Copy provided by USPTO from the CSIR Image Database on 04-10-2002



5,858,561

3

connected to a 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 electrolumi-
nescent material, first and second insulating materials and
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 alternating
current.

A wide variety of electroluminescent (light emitting)
organic materials, insulating materials and electrodes are
used in the device. Preferably these layers are formed and
arranged as layers in a sandwich-type device. That is, the
organic light emitter is at the center surrounded by two
insulating layers which are in turn surrounded by electrode
materials which are attached to a voltage source in either
polarity and preferable to an alternating voltage associated
with alternating current.

Electroluminescent organic materials include both
molecular and polymer forms. These materials include light
emitting polymeric polypridines such as poly(p-pyridines),
copolymers such as poly(phenylenevinylene
pyridylvinylene) and molecular light emitters 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) conducting organic polymers such as
conducting doped polyaniline and conducting doped poly-
pyrrole.

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 conducting doped
polyaniline. The insulator between the light emitting mate-
rial and the transparent or partially transparent electrode is
also 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
advantage to filter or clip unwanted portions (frequencies) of
light coming from the organic light emitter.

For ease of manufacture and insulation purposes, it is
preferable to form the device on a substrate which also
serves to protect and typically insulate the device during use.
Glass or clear insulating plastic are preferable when the
device is used for lighting and display purposes. The AC
driven symmetrical device is especially suitable for light
emission from both sides of the device in which case both
insulators and electrodes are at least partially transparent as
well as any insulating substrates that may be used with one
or both electrodes.

It is noted that it is not necessary for either of the
electrodes or insulating materials to be transparent or even
partially transparent. In cases where the insulators and
electrodes are opaque to the emitter light, light emission
from the edge of the device may be utilized in, for example,
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coupling applications such as coupling the device to an
optical fiber. Since the device is 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 the electroluminescence spectrum of an indium
tin oxide/emeraldine base/poly(p-pyridine)/emeraldine
base/aluminum device showing wavelength in nanometers
on the horizontal axis and electroluminescence intensity in
arbitrary units (a.u.) on the vertical axis.

FIG. 3 is a current voltage (I-V) curve for an indium tin
oxide/emeraldine base/poly(p-pyridine)/emeraldine base/
aluminum device showing voltage on the horizontal axis in
volts (V) and current on the vertical axis in milliamperes
(mA).

FIG. 4 is a plot showing light intensity and AC voltage as
a function of time for an indium tin oxide/emeraldine
base/poly(p-pyridine)/emeraldine base/aluminum device.
AC voltage in volts (V) is shown on the left vertical axis,
light intensity in arbitrary units (a.u.) is shown on the right
vertical axis, and time in milliseconds (ms) is shown on the
horizontal axis.

In describing the preferred embodiment of the invention
which is illustrated in the drawings, specific terminology is
resorted to for the sake of clarity. However, it is not intended
that the invention be limited to the specific terms so selected
and it is to be understood that each specific term includes all
technical equivalents that operate in a similar manner to
accomplish a similar purpose.

Although a preferred embodiment of the invention has
been herein described, it is understood that various changes
and modifications in the illustrated and described structure
can be affected without departure from the basic principles
that underlie the invention. Changes and modifications of
this type are therefore deemed to be circumscribed by the
spirit and scope of the invention, except as the same may be
necessarily modified by the appended claims or reasonable
equivalents thereof.

DETAILED DESCRIPTION OF THE

INVENTION AND BEST MODE FOR

CARRYING OUT THE PREFERRED
EMBODIMENT

As shown in FIG. 1, the current invention generally
denoted by the number 10 consists of, in its basic form, an
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electroluminescent organic material, that is, organic light-
emitter 12, a first electrical insulator 14 in contact with the
organic light-emitter 12, a second electrical insulator 16 also
in contact with organic light-emitter 12 and on the opposite
side of the light-emitter 12 from the first insulator 14. A first
electrode 18 is in electrical contact with the first insulator 14
and a second electrode 22 is in electrical contact with the
second insulator 16. The first electrode 18 and the second
electrode 22 are connected to a voltage source 24 by
electrical connectors 26. Voltage source 24 can be a direct
voltage source connected in either direction, that is, con-
nected to produce a current that flows in either a forward or
reverse direction. Preferably the voltage source 24 is an
alternating voltage source producing an alternating current.

As used here, the term organic light-emitter material
refers to any electroluminescent organic material that con-
verts electric energy into electromagnetic radiation. Typi-
cally the wavelength of the output electromagnetic radiation
(light) falls in the range from ultraviolet to near infrared, that
is, from about 250 nanometers to about 2500 nanometers.
Preferably the wavelength of the output radiation is in the
range from about 300 to about 1200 nanometers.

The electroluminescent organic material (organic light
emitter) can be chosen from a wide variety of organic
light-emitting materials including both molecular and poly-
meric light emitting materials. The preparation and use of
such materials is well known to those skilled in the art. As
used here, the term polymeric material is used for materials
having repeating structural units in the chemical structure
such as, for example, H—(C.H,),—H (poly(phenylene))
whereas the term molecular material is used for materials
having only one structural unit such as, for example,
C,H,NOH (8-hydroxyquinoline). Representative polymeric
organic light emitting groups include groups such as, but not
limited to, polypyridines, polypyridylvinylenes,
polythiophenes, polyphenylenes, polyphenylenevinylenes,
rigid-rod polymers such as the polyphenylenebenzobisthia-
zoles and polybenzimidazobenzophenanthrolines,
polyfluorenes, polyvinylcarbazoles,
polynaphthalenevinylenes, polythienylenevinylenes,
polyphenyleneacetylenes, polyphenylenediacetylenes, and
polycyanoterephthalylidenes. A wide variety of specific
materials (derivatives) can be found in each of these groups
as a result of modifications to the basic structure, typically
as a result of substitution of electron donating and with-
drawing groups according to techniques well-known to
those skilled in synthetic organic chemistry. Electron-
donating groups that can be substituted on the structures of
the above light emitters can include, but are not limited to,
—R, —OR—, halogens (electron donating by means of a
resonance effect), —NR,, —NHCOR, —OH, —O—, —SR,
—OR, and —OCOR where R is an alkyl, aryl or arylalkyl
group. Electron withdrawing groups can include halogens
(electron withdrawing by way of an inductive effect),
—NO,, —COOH, —COOR, —COR, —CHO, and —CN.
As with the electron donating groups, R is an alkyl, aryl or
arylalkyl group. Nitrogen containing light emitting groups
also include the quaternized form of the nitrogen atom. In
addition, these materials can be copolymerized or mixed
with other light-emitting polymers and molecules and non-
light emitting polymers and molecules to give a wide variety
of materials with a broad range of properties including a
wide range of color outputs, light emission efficiencies,
lifetimes, and mechanical properties such as flexibility and
ease of fabrication. Illustrative specific polymeric deriva-
tives from various light emitting polymeric groups include

polypyridines (poly(p-pyridine)); polypyridylvinylenes
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(poly(p-pyridylvinylene)); polyphenylenes (poly(p-
phenylene), polyphenylenevinylenes (poly(p-
phenylenevinylene), poly(2,5-dimethoxy-p-
phenylenevinylene), poly(2-methoxy-5-(2'ethylhexoxy)-p-
phenylenevinylene), and poly(2,5-bis(cholestanoxy)-p-
phenylenevinylene)); polyphenylenebenzobisthiazoles (poly
(p-phenylenebenzobisthiazole)); polythiophenes (poly(3-
alkyl)thiophene and especially poly(3-hexylthiophene));
polyfluorenes (poly(9-alkylfluorene)); polyvinylcarbazoles
(poly(N-vinylcarbazole); and polynaphthalenevinylene
(1,4-naphthalenevinylene). Representative electrolumines-
cent light-emitting molecules include 8-hydroxyquinoline,
naphthostyrylamine, perylene, anthracene, coronene,
rhodamine B, and 12-phthaloperinene. As with the poly-
meric materials, these materials can also be mixed with other
light emitting molecules and polymers or non-light emitting
molecules and polymers to give a wide range of light-
emitting materials.

As used here, the term electrically insulating material or
alternatively, insulator or electrical insulator refers to a
material that is a poor conductor of electricity. Typically the
resistivity of the insulating material is greater than about 10°
ohm-cm. The preferred resistivity range is about ,,* to about
10" ohm-cm. A wide variety of electrical insulating mate-
rials (insulator) can be used in the present invention includ-
ing conventional ceramics, organic materials and inorganic
polymers. Ceramic materials include, for example, glass,
alumina, beryllia, porcelain, zirconia, carbides, nitrides, and
silicon nitrides. Organic insulating materials include
acrylonitrile-butadiene-styrenes, acetals, acrylics, chlori-
nated polyethers, polyvinylcarbazoles, fluorocarbons,
nylons, parylenes (polyparaxylylenes), phenoxies,
polyamide-imides, polyimides, polycarbonates,
polyethylenes, polypropylenes, polyethylene terephthalates,
polyphenylene oxides, polystyrenes, polysulfones, conju-
gated polymers, copolymers thereof and mixtures thereof.
As used in this document, the term mixture also includes
blends and dispersions. The conjugated polymers include
materials such as the polythiophenes and the insulating
forms of the polyanilines such as emeraldine base with an
imine to amine ratio of about 0.4 to about 2.5 and various
derivatives as more fully described in U.S. Pat. No. 5,079,
334 all of which is herein incorporated by reference. Insu-
lating organic molecules such as 2-(4-biphenyl)-5-(4-tert-
butylphenyl)-1,3,4-oxadiazole may also be used as the
insulating material. To facilitate the use of such insulating
organic molecules they are often dispersed in a host polymer
such as insulating emeraldine base or a polyvinylcarbazole.
Inorganic polymers include both purely inorganic and
inorganic-organic polymers such as siloxanes,
phosphazenes, and silicones. These materials can be copo-
lymerized or mixed with each other to give a wide variety of
materials with a broad range of properties including insu-
lating characteristics, flexibility or stiffness, and process-
ability.

A wide variety of electrode materials can be used as the
electrodes of the present device including 1) indium tin-
oxide, 2) metals including calcium, aluminum, indium, gold,
copper, silver, 3) alloys such as magnesium/silver, 4) con-
ducting non-metals such as carbon and graphite fibers and
filaments, and 5) conducting polymers such as polyaniline
doped with dopants such as camphor sulfonic acid, hydro-
chloric acid, tosylic acid, and dodecylbenzene sulfonic acid
and polypyrrole doped with phosphorous hexafluoride and
p-toluenesulfonate. As used here a conducting polymer is a
polymer with a conductivity of more than about 102 S/cm
and preferably more than about 107 S/cm.
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