47011250 A1 IJAF P 0 D YO0 OO Ol

—

20

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
5 February 2004 (05.02.2004)

(10) International Publication Number

WO 2004/011250 Al

B32B 19/00,

(51) International Patent Classification’:
9/00, HO1J 1/62, 63/04

(21) International Application Number:
PCT/US2003/022473

(22) International Filing Date: 18 July 2003 (18.07.2003)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
10/207,576 29 July 2002 (29.07.2002) US
10/352,476 28 January 2003 (28.01.2003) US
(71) Applicant (for all designated States except US):
CROSSLINK POLYMER RESEARCH [US/US];

950 Bolger Court, St. Louis, MO 63026-2029 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): KINLEN, Patrick,
J. [US/US]; 1348 Remington Oaks Terrace, Fenton, MO
63026 (US).

(74) Agents: DUNLAP, Charles, E. et al.; Nelson Mullins Ri-
ley & Scarborough, LLLP, Keenan Building, 3rd floor, 1330
Lady Street, Columbia, SC 29201 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BY, BZ, CA, CH, CN, CO, CR, CU,
CZ,DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC,
SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US,UZ,VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: ELECTROLUMINESCENT DISPLAY DEVICE INCORPORATING A LUMINESCENT DEVICE AND METHODS

FOR THEIR PRODUCTION

(57) Abstract: A luminescent device is disclosed that comprises an electroluminescent phosphor in operative contact with a light-
emitting material wherein excitation of the electroluminescent phosphor by an alternating current electrical field causes the emission
of light by the light-emitting material. Methods of making the device and an electroluminescent display device in which it is used

are also described.



10

15

20

25

30

WO 2004/011250 PCT/US2003/022473

ELECTROLUMINESCENT DISPLAY DEVICE INCORPORATING A
LUMINESCENT DEVICE AND METHODS FOR THEIR PRODUCTION

CROSS REFERENCE TO RELATED PATENTS AND PATENT
APPLICATIONS
[0001] The subject matter of the present invention is related to and
claims the benefit of copending and commonly assigned United States
Patent Application Serial Number 10/207,5786, filed July 29, 2002, and
Patent Application Serial Number 10/352,476, filed January 28, 2003,
each of which is relied on herein and incorporated herein by reference in
its entirety.
‘BACKGROUND OF THE INVENTION

(1) Field of the Invention:
[0002] The present invention relates to luminescent devices and
electroluminescent display devices that incorporate such luminescent
devices, and more particularly to alternating-current powered luminescent
devices and electroluminescent display devices.
(2) Description of the Related Art:
[0003] Luminescence is a general term that is used to describe the
emission of radiation from a solid when it is supplied with some form of
energy. The various types of luminescence can be distinguished by the
method of excitation that is used to supply the energy.
Electroluminescence excitation results from the application of an electric
field, which may be either AC or DC. Whatever the form of energy input to
the luminescing material, the final stage in the process is an electronic
transition between two energy levels. See, e.g. Display Devices, at
http/www/geocities.com/Athens/Bridge/2702/CAP4I (10/28/02).
[0004] Fluorescence occurs when a material emits visible light after
being excited by an excitation source applied from outside. A fluorescent
lamp, a discharge tube, and a cathode ray tube utilize fluorescence. A

material that emits fluorescence is called a phosphor.
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[0005] Electroluminescence is a solid state phenomenon, which
involves the emission of visible or invisible radiation as a result of the
absorption of exciting energy. It is a general term which includes both
fluorescence and phosphorescence. Invisible light further includes
infrared and ultraviolet radiation.

[0006] An electroluminescent (EL) display device generally includes
a layer of phosphor positioned between two electrodes, with at least one of
the electrodes being light-transmissive. At least one dielectric also is
positioned between the electrodes so the EL display device functions as a
capacitor. When a voltage is applied across the electrodes, the phosphor
material is activated and emits light.

[0007] Phosphors may be employed in the manufacture of
electroluminescent devices. Long-lasting phosphors are known in the an,
and include sulfides and oxides. Many long-lasting phosphor products are
those with a sulfide as their base crystal, such as ZnS:Cu. The
phosphorescence characteristics of phosphors are influenced by
composition, particle diameter, and environment, in particular, the
phosphorescence brightness.

[0008] Other light-emitting materials, such as certain small
molecules and certain polymers, may also be employed in the
manufacture of electroluminescent devices. Suitable light-emitting small
molecules include quinolines, fluorescein, and the like.

[0009] Light-emitting polymers (LEPs) may further be employed in
the manufacture of electroluminescent devices. Suitable light-emitting
polymers include MEHPPV (2-methoxy-5-2’ ethylhexyloxy)-1,4-
phenylenevinylene copolymer, MEH-BP-PPV (poly[2-Methoxy-5-(2’-
ethylhexyloxy)-1,4-phenylenevinylene-co-4,4’-bisphenylenevinylene]), and
MEH-CN-PPV (poly[2-methoxy-5-(2'-ethylhexyloxy)-1-
(cyanovinylene)phenylene). These LEPs absorb radiation at about 400 to
about 500 nm (blue light) and emit radiation at about 600 and 800 nm

(yellow, orange, and red light).
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[00010] The short lifetime of organic light-emitting polymers (LEPs)
has been a major impediment to their use in commercial environments.
Organic LEPs are unstable when exposed to air and humidity. In addition
to oxygen, other contaminants present in air, such as ozone and NHj, also
adversely affect the useful lifetime of LEPs.

[00011] Heretofore, lamps fabricated from LEPs have been entirely
encapsulated, or have had exposed surfaces coated with protective layers
to achieve stability. This large-scale encapsulation/coating procesé is
costly, and requires the use of a relatively expensive transparent material.
[00012] Another characteristic of phosphor materials is that the
selection of wavelengths of emissive radiation that could be obtained from
phosphors that were excitable by a simple electric field was substantially
limited to blues, greens and oranges -- depending upon the dopant that
was used in the phosphor. Radiation of other wavelengths could be
obtained from different phosphors, but those phosphors required high-
energy photons or an electron beam for excitation. Accordingly, effective
provision of electroluminescent radiation having wavelength of a desired
spectra -- other than blue, green or orange -- was difficult to achieve.
[00013] It would be useful, therefore, to provide an
electroluminescent device capable of emitting radiation at a desired
wavelength that was other than blue, green, or orange, but which was
powered by an electric field. 1t would also be useful if the electric field
could be supplied by an alternating current source. Furthermore, it would
be useful if the electroluminescent device could be produced simply and
easily, and without the use of inert atmospheres, high vacuum, sputtering,
or the use of electrodes composed of low-work function metals, such as

calcium, aluminum, sodium and magnesium, or their oxides.

SUMMARY OF THE INVENTION
[00014] Briefly, therefore, the present invention is directed to a novel
luminescent device comprising an electroluminescent phosphor in

operative contact with a light-emitting material wherein excitation of the
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electroluminescent phosphor by an alternating current electrical field
causes the emission of light by the light-emitting material.
[00015] The present invention is also directed to a novel method of
making a luminescent device comprising placing an electroluminescent
phosphor in operative contact with a light-emitting material.
[00016] The present invention is also directed to a novel method of
making an electroluminescent display device comprising the steps:
placing an electroluminescent phosphor and an insulating layer
between a first electrode and a second electrode; and
placing a light-emitting material in operative contact with the
electroluminescent phosphor.
[00017] Among the several advantages found to be achieved by the
present invention, therefore, may be noted the provision of an
electroluminescent device capable of emitting radiation at desired
wavelengths that are in addition to blue, green, or orange, but which is
powered by an electric field; the provision of an electroluminescent device
where the electric field can be supplied by an alternating current source;
and the provision of an electroluminescent device which can be produced
simply and easily, and without the use of inert atmospheres, high vacuum,
sputtering, or the use of electrodes composed of low-work function metals,

such as calcium, aluminum, sodium and magnesium, or their oxides.

BRIEF DESCRIPTION OF THE DRAWINGS
[00018] Figure 1 is an illustration of a luminescent device showing an
electroluminescent phosphor (marked with diagonal lines) that is in
operational contact with a light-emitting material (marked with dots),
wherein excitation of the electroluminescent phosphor by an electrical field
results in light emission by the light-emitting material;
[00019] Figure 2 shows several examples of alternative
embodiments of a luminescent device of the present invention comprising
an electroluminescent phosphor (diagonal lines) and light-emitting material

(dots), and including: (a) an electroluminescent phosphor particle coated
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with a light-emitting material to make a light-emitting particle, (b) an
electroluminescent phosphor particle in direct contact with a light-emitting
material, (c and ¢’) an electroluminescent phosphor particle that is located
separate from, but in operational contact with a light-emitting material, (d)
an electroluminescent phosphor particle embedded within a light-emitting
material, (e) an electroluminescent phosphor layer adjacent a light-emitting
material, and (f) an electroluminescent phosphor layer that is located
separate from, but in operative contact with a light-emitting material;
[00020] Figure 3 is an illustration of an electroluminescent display
device having a substrate, a first electrode, a phosphor layer, a layer of a
light-emitting material, and a second electrode;

[00021] Figure 4 is an illustration of an electroluminescent display
device having a substrate, a first electrode, phosphor particles dispersed
in a layer of a light-emitting material, and a second electrode;

[00022] Figure 5 is an illustration of an electroluminescent display
device having a substrate, a first electrode, phosphor particles and
particles of a light-emitting material embedded in a dielectric, and a
second electrode;

[00023] Figure 6 is an illustration of an electroluminescent display
device having a substrate, a first electrode, light-emitting particles
dispersed in a dielectric, and a second electrode;

[00024] Figure 7 is an illustration of an electroluminescent display
device having a substrate, a first electrode, a dielectric layer, a layer
composed of light-emitting particles dispersed in a dielectric, and a second
electrode;

[00025] Figure 8 is an illustration of an electroluminescent display
device having a substrate, a first electrode, a dielectric layer, a layer
composed of phosphor particles dispersed in a dielectric, a second
electrode, a layer composed of a light-emitting material, and a protective
layer;

[00026] Figure 9 is an illustration of an electroluminescent display

device having a substrate, a first electrode, a light-emitting layer
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composed of light-emitting particles dispersed in a dielectric, a second
electrode, and a front outlining electrode;

[00027] Figure 10 is an illustration of electroluminescent display
device having a substrate, a first electrode, a dielectric layer, a light-
emitting layer composed of light-emitting particles dispersed in a dielectric,
a second electrode, and a front outlining electrode; and

[00028] Figure 11 is an illustration of an edge view (a) and an oblique
view (b) of an electroluminescent display device showing a first and a
second electrical lead connecting a source of alternating current to the first
electrode and the second electrode, respectively, of an electroluminescent
device of the present invention, and with the oblique view showing an
illuminated element in the form of a letter "A".

[00029] Corresponding reference characters indicate corresponding

part thought the several views of the drawings.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[00030] In accordance with the present invention, it has been
discovered that a luminescent device can be constructed that comprises
an electroluminescent phosphor in operative contact with a light-emitting
material, wherein excitation of the electroluminescent phosphor by an
alternating current electrical field causes the emission of light by the light-
emitting material. The present luminescent devices can be used as the
basis for electroluminescent display devices.

[00031] In one embodiment, an electrode, which can be composed of
poly(3,4-ethylenedioxythiophene) (PEDOT), for example, can be applied to
a substrate, such as a plastic film, or a fabric. Particles of a phosphor,
such as copper-doped zinc sulfide (ZnS:Cu), can be coated with a light-
emitting material, such as poly[2-methoxy-5-(2"-ethyl)hexoxy-1,4-
phenylenevinylene] (MEHPPV), and the coated particles can be
compounded with a binder polymer into a UV-curable ink. The ink easily
can be applied to the electrode-coated substrate to form a light-emitting

layer by conventional methods such as screen-printing, or ink-jet printing,
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for example. The cured ink layer acts as an electrically insulating layer
that contains the coated phosphor particles. A second electrode, which
can be transparent to the radiation emitted by the light-emitting material,
and which can also be composed of poly(3,4-ethylenedioxythiophene), is
then applied over the cured ink layer. If desired, layers of dielectric
materials can be added between the electrodes, or protective layers can
be used to coat the display. Application of an AC electrical field across the
two electrodes causes excitation of the electroluminescent phosphor,
which, in turn, transfers energy to the light-emitting material, which emits
radiation from the display device.

[00032] The novel device has a number of advantageous features
that include the ability to provide luminescent light of a desired frequency
by supplying only an AC electric field. In other words, the device provides
a way to excite luminescent materials that emit radiant energy at a desired
wavelength, but which are not normally excitable by an electric field.
Heretofore, electroluminescent materials, such as ZnS:Cu, ZnS:Mn, or
ZnS:Ag, or the like, have provided a limited choice as to the colors of light
emitted. If other colors are required, one had to resort to materials that
required methods of excitation other than a simple AC electric field. Such
methods included photoexcitation by laser, collimated light, etc., or
cathodoexcitation, by bombardment with a beam of electrons. Now it has
been discovered that by judicious selection of materials, initial excitation of
an electroluminescent phosphor can be obtained by imposing an AC field,
and radiant energy of almost any desired wavelength — from UV, to visible,
to IR -- can be produced. This has been achieved by coupling the
phosphor with a separate light-emitting material. In an alternative
embodiment, the device can employ one or more intermediate energy-
transfer materials that transfer energy between the electroluminescent
phosphor and the light-emitting material. Each intermediate layer, in turn,
being excited by a luminescent material that is either emitting radiant
energy of a particular wavelength or transferring energy by another

mechanism, and then radiating energy itself at a wavelength that excites a
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separate luminescent material. The combination of luminescent materials
forming a cascade of energy transfer, starting with excitation with an AC
electric field and ending with emission of radiant energy of a desired
wavelength by a light-emitting material.

[00033] An additional advantage of the present device is that is it
easily fabricated by inexpensive and conventional means, such as, for
example, screen printing, ink jet printing, or the like. The devices require
no low-work function electrode materials, such as calcium, aluminum,
sodium, or magnesium, or the oxides thereof, and, therefore, are less
susceptible to corrosion than conventional devices that includes these
metals. Moreover, the present devices do not require expensive
fabrication techniques such as vacuum fabrication, vapor deposition, or
sputtering. Fabrication of the present devices can occur entirely at
ambient conditions and without the provision of special atmospheres.
[00034] Furthermore, due to the structure and the materials that can
be used in the present devices, there is no need to encase the devices in
glass to protect their stability. Such simple fabrication techniques result in
electroluminescent devices having a greater range of colors, which can be
produced at lower cost, and which can be applied over larger areas by
conventional printing techniques.

[00035] One element of the present device is an electroluminescent
phosphor. Any solid material that is electroluminescent -- that is, can emit

radiation after excitation by an alternating current (AC) electrical field --

can serve as the electroluminescent phosphor of the present invention. In

the present invention, the electroluminescent phosphor is capable of
emitting radiation at a first wavelength.

[00036] As used herein, the terms "radiation" and "light" can be used
interchangeably, and include ultraviolet, visible, and infrared radiation.
[00037] As used herein, when it is said that a material emits light at a
particular wavelength, it should be understood that some luminescent
materials can emit light at several different wavelengths, and what is

meant is the principle or peak wavelength of the radiation emitted by the



10

15

20

25

30

WO 2004/011250 PCT/US2003/022473

material. The wavelength of radiation can also be referred to in terms of
its frequency, and each of the two terms would be recognized by a skilled
artisan as being related to the other and interconvertable.

[00038] Electroluminescent phosphor materials can be inorganic
solids or organic materials. Inorganic solid phosphors are preferred.
[00039] Examples of electroluminescent phosphors that are useful in
the present invention include CdSe; InAs; LaPOs, undoped or doped with
one or more of Pr, Nd, Er, or Yb; YOS, undoped or doped with Er; ZnS,
undoped, or doped with Ag, Cu, Mn, Th, TbF, TbF3; ZnSe, undoped or
doped with Cu or Mn; undoped or doped ZnCdS; compounds that can be
expressed as M"M"(S, Se)s, where M"" = Ca, Sr or Ba and M= Al, Ga,
In, or Y, undoped, or doped with Eu®* or Ce®; and mixtures of any two or
more of these materials. When a phosphor is doped with a material, the
doped phosphor can be expressed as: (the name of the phosphor
molecule:the dopant). By way of example, copper-doped zinc sulfide can
be expressed as ZnS:Cu.

[00040] Commercially available phosphors, such as, for example,
phosphors "830", "TNE", and "GGS" (all available from Sylvania Co.) are
suitable for use in the present invention.

[00041] Any of the electroluminescent phosphor materials that are
described in such publications as: (1) Phosphor Handbook, Shionoya, S.
and W. M. Yen, Eds. CRC Press, Boca Raton, FA (1999); (2) Hebbink, G.
A., et al., Adv. Mater, 14(16):1147 - 1150 (2002); (3) Gumlich, H.-E. et al,
Electroluminescence, Chap. 6, pp. 221-269, in Luminescence of Solids, D.
R. Vij, Ed., Plenum Press, New York, (1998); (4) Suyver, J. F. etal.,
Photochemistry of layers of ZnS:Mn2+ nanocrystals, in Proceedings of the
2" International Symposium on Advanced Luminescent Materials arnd
Quantum Confinement, 201% Meeting of the Electrochemical Society, 175
(2002); and (4) in other publications by Suyver, listed at
hitp://www.phys.uu.nl/~suyver/Publications (11/27/2002), can be used as
the electroluminescent phosphor of the present invention. Additional

information about useful phosphors and methods of preparing
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electroluminescent phosphor materials can be found in U.S. Patent Nos.
5,598,058, 5,602,445, 5,711,898, 5,702,643, 5,700,692, 5,700,591,
5,677,594, 5,675,217, 5,643,496, 5,635,110, 5,612,591, 5,598,059,
5,593,782, 5,554,449, 5,543,237, 5,309,071, and 5,309,070.

[00042] Some inorganic electroluminescent phosphors can be
purchased commercially from such sources as Phosphor Technology, Ltd.,
Essex, England; South Bank University, London, England; and Osram
Sylvania, Danvers, MA; among others.

[00043] The electroluminescent phosphor can be used in the present
device in any physical form, but it is preferred that the phosphor is a solid
material. The phosphor can have any physical shape, but particles are
preferred. The particles can be roughly spherical, or they can be irregular.
The particles can be of any size. It is preferred, however, that the particles
are sufficiently large to preserve the crystalline fine structure necessary for
luminescent activity. When the size of a phosphor particle is described
herein, it should be understood that it is the nominal size (average
diameter of a roughly spherical particle) that is being described.
Accordingly, the terms "10 micron particles" would be interpreted to be a
number of roughly spherical solid particles having a number average
diameter of 10 microns.

[00044] In an embodiment of the present device, the phosphor
particles have an average nominal size of from about 0.05 microns to
about 50 microns, and preferably, have an average nominal size of from
about 10 micron to about 40 microns. When it is desirable to use the
particle size of the phosphor particles as a parameter for controlling the
wavelength of the radiation emitted from the phosphor, the preferred size
range of the particles is from about 0.1 to about 10 nm, and more
preferably, from about 0.5 nm to about 5 nm, and yet more preferably,
from about 1 nm to about 3 nm.

[00045] Some commercially produced electroluminescent phosphor

particles are coated with a protective coating of, for example, aluminum
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nitride, or silicon oxide. The particles can be used in the present invention
whether or not such coatings are present.

[00046] In the present device, the electroluminescent phosphor is in
operable contact with a light-emitting material. The light-emitting material
of the present device can be any material which is excited when in
operative contact with the excited electroluminescent phosphor and which
is capable of emitting light of a wavelength that is different than the light
emitted by the electroluminescent phosphor.

[00047] In an embodiment of the present invention, the light-emitting
material is an inorganic solid. Examples of such materials include LaPQ,,
undoped or doped with one or more of Pr, Nd, Er, or Yb (See, e.g., the
description of such near IR-emitting materials by Hebbink, G. A., et al., in
Adv. Mater, 14(16):1 147 - 1150 (2002)). YOS, undoped or doped with Er.
Inorganic light emitting materials can also include compounds having the
description: M""M,"(S, Se)s, where M" = Ca, Sr or Ba, and M" = Al, Ga,
In, Y, or is optionally absent, and the compounds can be undoped, or
doped with Eu?* or Ce®. Mixtures of such materials can also be used.
[00048] In a preferred embodiment of the present invention, the light-
emitting material is an organic material. Examples of organic materials
that are useful as the light-emitting material in the present device include:
antracene, undoped or doped with tetracene; aluminum tris(8-
hydroxyquinolinate); poly-(p-phenylenevinylene) (PPV); poly[2-methoxy-5-
(2'-ethyl)hexoxy-1,4-phenylenevinylene] (MEHPPV); poly[2-methoxy-5-(2’-
ethylhexyloxy)-1,4-phenylenevinylene-co-4,4’-bisphenylenevinylene]
(MEH-BP-PPV), poly[2-methoxy-5-(2'-ethylhexyloxy)-1-
(cyanovinylene)phenylene (MEH-CN-PPV), poly[1,3-propanedioxy-1,4-
phenylene-1,2-ethylene-(2,5-bis(trimethylsilyl)-1,4-phenylene)-1,2-
ethylene-1,4-phenylene] (DiSiPV); Tb tris(acetylacetonate); Eu (1,10-
phenanthroline)-tris(4,4,4-trifluoro-1-(2-thienyl)butane-1,3-dionate; Eu
tris(dibenzoylmethanato)phenanthroline; Th
tris(acetylacetonate)phenthroline; Eu (4,7-diphenyl phenanthroline)-
tris(4,4,4-trifluoro)-1-(2-thienyl)-butane-1,3-dionate;

11
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Nd (4,7-diphenylphenanthroline)(dibenzoylmethanato)s;
Eu(dibenzolmethanato)s-2-(2-pyridyl)benzimidazole;
Eu(dibenzolmethanato),-1-ethyl-2-(2-pyridyl)benzimidazole; Th-[3-(5-
phenyl-1,3,4-oxadiazol-2-yl)-2,4-pentanedionate]s;
lanthanide-tris(4-methylbenzoate); lanthanide-tris(4-methoxybenzoate); Tb
tris(4-methylbenzoate); Tb tris(4-methoxybenzoylbenzoate);

Eu tris(4-methoxybenzoylbenzoate); Tb-
tris(tetradecylphethalate)phenantroline; Th-imidodiphosphinate; Th 1-
phenyl-3-methyl-4-(trimethylacetyl)pyrazol-4-one; polypyridine; poly(p-
phenylene vinylene); poly[2-methoxy-5-(2'-ethylhexyloxy)-1,4-
phenylenevinylene]; poly[2-methoxy-5-(2-ethylhexyloxy)-1,4-phenylene-
vinylene]; poly[(2-methoxy-5-(2-ethylhexyloxy)-1,4-phenylene-vinylene)-
alt-co-(4,4’-biphenylene-vinylene)]; poly[(9,9-dioctyl-2,7-
divinylenefluorenylene)-alt-co-(9,10-anthracene)]; poly[(9,9-dioctyl-2,7-
divinylenefluorenylene)-alt-co-(4,4’-biphenylene)]; poly[{9,9-dioctyl-2,7-
divinylene-fluorenylene}-alt-co-{2-methoxy-5-(2-ethyl-hexyloxy)-1,4-
phenylene}]; poly[{9,9-dioctyl-2,7-bis(2-cyanovinylene-fluorenylene}-alt-co-
{2-methoxy-5- (2-ethyl hexyloxy)-1,4-phenylene}]; poly[2-methoxy-5-(2-
ethylhexyloxy)-1,4-(1-cyanovinylenephenylene)]; poly[{9,9-dihexyl-2,7-
bis(1-cyanovinylene)fluorenylene}-alt-co-{2,5-bis(N, N'-diphenylamino)-
1,4-phenylene}]; poly[{9-ethyl-3,6-bis(2-cyanovinylene)carbazolylene)}-alt-
co-{2-methoxy-5-(2- ethylhexyloxy)-1,4-phenylene}]; poly[(9,9-di(2-
ethylhexyl)-fluorenyl-2,7-diyl)-co-(N, N’-diphenyl)-N, N’-di-(p-butyl phenyl)-
1,4-diaminobenzene]; poly[2-(6-cyano-6-methylheptyloxy)-1,4-phenylene);
poly[{9,9-dioctylfluorenyl-2,7-diyl}-co-{1,4-(2,5-dimethoxy)benzene}];
poly[{9,9-dioctylfluorenyl-2,7-diyl}-co-{1,4-(2,5-dimethoxy)benzene}];
poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(1,4-ethylenylbenzene)]; poly[(9,9-
dioctylfluorenyl-2,7-diyl)-co-(1,4-diphenylene-vinylene-2-methoxy -5-{2-
ethylhexyloxy}-benzene)]; poly[(9,9-dihexyifluorenyl-2,7-
divinylenefluorenylene)]; poly[(9,9-dihexyl-2,7-(2-cyanodivinylene)-
fluorenylene)]; poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(1,4-
vinylenephenylene)]; poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(1,4-

12
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vinylenephenylene)]; poly(9,9-dioctylfluorenyl-2,7-diyl; poly(9,9-
dihexylfluorenyl-2,7-diyl) ; poly[9,9-di-(2-ethylhexyl)-fluorenyl-2,7-diyl];
poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(N,N’-diphenyl)-N,N’-di(p-
butyloxyphenyl)-1,4-diaminobenzene)]; poly[(9,9-dioctylfluorenyl-2,7-diyl)-
alt-co-(N,N’-diphenyi)-N,N’- di(p-butyloxy- phenyl)-1,4-diaminobenzene)];
poly[(9,9-dihexylfluorenyl-2,7-diyl)-co-(1,4-benzo-{2,1’ ,3}-thiadiazole)];
poly[(9,9-dihexylfluorenyl-2,7-diyl)-alt-co-(9,10-anthracene)]; poly[(9,9-
dioctylfluorenyl-2,7-diyl)-alt-co-(N,N’ -bis{4-butylphenyl}-benzidine- N,N’-
{1,4-diphenylene})]; poly[(9,9-dihexylfluorenyl-2,7-diyl)-alt-co-(2-methoxy-
5-{2-ethylhexyloxy}-1,4-phenylene)]; poly[(9,9-dihexylfluorenyl-2,7-diyl)-co-
(9,ethyl-3,6-carbazole)]; poly[(9,9-dihexylfluorenyl-2,7-diyl)-alt-co-(9,ethyl-
3,6-carbazole)]; poly[(9,9-dihexylfluorenyl-2,7-diyl)-alt-co-(9,9’-
spirobifluorene-2,7-diyl]; poly[(9,9-dihexylfluorenyl-2,7-diyl)-co-(2,5-p-
xylene)]; poly[(9,9-dihexylfluorenyl-2,7-diyl)-co-(3,5-pyridine)]; poly[(9,9-
dihexylfluorenyl-2,7-diyl)-co-(1,4-phenylene)]; poly[(9,9-dihexylfluorenyl-
2,7-diyl)-alt-co-(9,9-di-{5-pentanyl}-fluorenyl-2’,7’-diyl; poly[(9,9-
dihexylfluorenyl-2,7-diyl)-co-(6,6'{2,2-bipyridine})]; poly[(9,9-
dihexylfluorenyl-2,7-diyl)-co-(6,6'-{2,2": 6’,2"-terpyridine})]; poly[(9,9-
dihexylfluorenyl-2,7-diyl)-co-(N,N’ bis{p-butylphenyl}-1,4-diamino
phenylene)]; 8-hydroxyquinoline; fluorescein; rhodamine; xanthene,
substituted or unsubstituted; substituted coumarin; substituted
hydroxycoumarin; substituted or unsubstituted tetra-cyanoquinolines;
ethidium bromide; propidium iodide; benzoxanthene yellow; bixbenzimide
((2'-[4-hydroxyphenyl]-5-[4-methyl-1-piperazinyl]-2,5'-bi-1H-benzimidazol);
(2'-[4-ethoxyphenyl]-5-[4-methyl-1-piperazinyl]-2,5'-bi-1 H-benzimidazol));
4,6-diamidino-2-phenylindole (DAPI); lithium tetra (2-methyl-8-
hydroxyquinolinato)boron,; bis(8-hydroxyquinolinato)zinc;
tris(benzoylacetonato)mono(phenanthroline)europium(lll); tris(2-
phenylpyridine)iridium(lll); and tris(8-hydroxyquinolinato)gallium(ll); tris(8-
hydroxyquinolato) aluminum; tetra(2-methyl-8-hydroxyquinolato) boron;
lithium salt; 4,4’-bis(9-ethyl-3-carbazovinylene)-1,1’-biphenyl; 9,10-di[(9-
ethyl-3-carbazoyl)-vinylenyl)]-anthracene; 4,4’-bis(diphenylvinylenyl)-
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biphenyl; 1,4-bis(9-ethyl-3-carbazovinylene)-2-methoxy-5-(2-
ethylhexyloxy)benzene; tris(benzoylacetonato)mono(phenanthroline)
europium (Il); tris(dibenzoylmethane)mono(phenanthroline) europium (l1f);
tris(dibenzoylmethane)mono(5-aminophenanthroline)europium (lll);
tris(dinapthoylmethane)mono(phenanthroline) europium (I11);
tris(biphenoylmethane)mono(phenanthroline) europium (lll);
tris(dibenzoylmethane)mono(4,7-diphenylphenanthroline}europium (1ny;
tris(dibenzoylmethane)mono(4,7-dimethylphenanthroline)europium (ll);
tris(dibenzoyimethane)mono(4,7-dihydroxyphenanthroline)europium (1il);
tris(dibenzoylmethane)mono(4,7-dihydroxyloxyphenanthroline)europium
(11); lithium tetra(8-hydroxyquinolinato) boron; 4,4'-bis(9-ethyl-3-
carbazovinylene)-1,1-biphenyl; bis(8-hydroxyquinolinato)zinc; bis(2-
methyl-8-hydroxyquinolinato)zinc; iridium (ll) tris(2-phenylpyridine); tris(8-
hydroxyquinoiine)aluminum; and tris[1-phenyl-3-methyl-4-(2,2-
dimethylpropan-1-oyl)-pyrazolin-5-one]-terbium. Mixtures of two or more
of any of these organic light-emitting materials can also be used.

[00049] The light-emitting material of the present invention may be
synthesized, or may be purchased from commercial suppliers, one of
which is American Dye Source, Quebec, Canada, Further information on
the synthesis and use of lanthanide complexes can be found in Kido, J. et
al., Chem. Rev. 102:2357-2368 (2002). Further information on organic
light emitting materials that emit in the infrared region, which are useful in
the present invention, can be found in U.S. Patent Publication
US2001/0030325 Af.

[00050] In an embodiment of the present invention the light-emitting
material is one that is not excited by an alternating current electrical field.
[00051] In the present device, the electroluminescent phosphor is in
operative contact with the light-emitting material. By the terms "operative
contact", what is meant is that the location of the electroluminescent
phosphor in the device relative to the light-emitting material is such that a
transfer of energy from the excited phosphor to the light-emitting material

is possible that is sufficient to raise the light-emitting material to an excited
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state that results in the emission of radiation from the light-emitting
material. In some embodiments, operative contact is direct physical
contact between the phosphor and the light-emitting material. In
alternative embodiments, operative contact is close proximity of the
phosphor to the light-emitting material, such as when both are in the same
layer. In yet other embodiments, operative contact is the presence of the
phosphor in one layer and the presence of the light-emitting material in
another layer of the device where the two layers are adjacent, or are
separated only by a layer or layers that permit the energy transfer from the
phosphor to the light-emitting material.

[00052] A useful feature of the present device is that it can be
produced by conventional fabrication methods that do not require unusual
techniques or atmospheres. With reference to the figures that are
attached hereto, one embodiment of the electroluminescent device (101)
can be constructed as shown in Fig. 3, by applying a first electrode (201)
to a substrate (501). Almost any material to which an electrode can be
applied can be used as the substrate in the present device. An
advantageous feature of the present invention is that the substrate can be
a flexible material, such as a plastic film or a woven or non-woven textile
material. It is preferred that the substrate is an electrically insulating
material. However, the substrate may be a metal, which could serve as
one electrode.

[00053] The first electrode (201) is an electrically conductive
material. It is preferred that the first electrode is composed of a material
that can be applied to the substrate by conventional coating or printing
methods, such as by screen printing, ink jet printing, or the like. In some
embodiments, it is preferred that the first electrode is free of metals and
metal oxides. As used herein when describing electrodes, the term
"metals" is to be understood to include high work function metals, such as
indium and titanium, as well as lower work function metals, such as

calcium, aluminum, and magnesium.
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[00054] In preferred embodiments, the first electrode (201) is
composed of an intrinsically conductive polymer (IGP). The terms
"intrinsically conductive polymer", or "ICP", as used herein, are intended to
include any polymer that, in at least one valence state, has an electrical
conductivity greater than about 10® S/cm and preferably greater than
about 10 S/cm. ICP's generally have polyconjugated .pi. electron
systems and can be doped with an ionic dopant species to an electrically
conductive state. A number of conjugated organic polymers that are
suitable for this purpose are known in the art and include, for example,
polyaniline, polyacetylene, poly-p-phenylene, poly-m-phenylene,.
polyphenylene sulfide, polypyrrole, polythiophene, polycarbazole and the
like, which can be substituted or unsubstituted. Such ICP's are well known
and those of ordinary skill in the art will readily recognize those ICP's that
are within the scope of this invention.

[00055] In preferred embodiments, the first electrode is constructed
of poly(3,4-ethylenedioxythiophene) doped with polystyrenesulfonic acid
(PEDOT/PSSA, available from Agfa-Gevaert, Mortsel, Belgium).
PEDOT/PSSA is a water soluble polymer and can be applied to the
substrate in the form of an aqueous solution. The aqueous solution of
PEDOT/PSSA can be applied to the substrate by any conventional
technique, including, for example, rolling, brushing, spraying, dipping, spin-
coating, screen printing, jet printing, and the like.

[00056] An electroluminescent phosphor (301) can be applied over
the first electrode (201). Any one of the electroluminescent phosphor
materials described above can be used.

[00057] A light-emitting material (401) can then be applied over the
electroluminescent phosphor.

[00058] Finally, a second electrode (202) can be applied over the
light-emitting material (401). The second elecirode (202) can be any
material that is suitable for use as an electrode. Intrinsically conductive
polymers are preferred for use as the second electrode. It is preferred that

the second electrode is constructed of a material that is transparent to the
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radiation emitted by the light-emitting material in order for that radiation to
exit the electroluminescent device (101). In preferred embodiments, the
second electrode is free of a metal or metal oxide. In more preferred
embodiments, the second electrode (202) is constructed of the same
material as the first electrode (201). One example of a material that is
preferred for use in both the first electrode (201) and the second electrode
(202) is poly(3,4-ethylenedioxythiophene) (PEDOT). The PEDOT can be
doped with polystyrenesulfonic acid (PSSA).

[00059] In an alternate embodiment, shown in Fig. 4, the
electroluminescent device (101) can be constructed as described above,
except that the electroluminescent phosphor (301) can be present in the
form of particles, and the particles can be embedded within, or distributed
within, the light-emitting material (401), which can act as a matrix for the
electroluminescent phosphor particles.

[00060] In the embodiments of the device shown in both Fig. 3 and
Fig. 4 it is preferred that the layers that include the electroluminescent
phosphor (301) and light-emitting material (401), of the device of Fig. 3,
and the layer containing the electroluminescent phosphor (301) and light-
emitting material (401), of the device of Fig. 4, (i.e., the layers between the
first and the second electrodes), be electrically non-conductive. This is
believed to facilitate the establishment of an electrical field across the two
electrodes when an alternating current (AC) is charged to the electrodes.
[00061] In an alternative embodiment, shown in Fig. 5, both the
electroluminescent phosphor (301) and the light-emitting material (401)
can be in particulate form and both can be dispersed within a binder (601).
In this case, the binder is preferably an electrically non-conducting
material. In the embodiment shown in Fig. 5, the light-emitting material
(401) can be present either as very small particles distributed through the
binder material (601), or even dissolved in the binder material.

[00062] It should be understood that the depiction of particles in any

of the drawings is not meant to limit or represent the size or shape of any
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particle, or the relative size or shape of any particle with respect to another
type of particle.

[00063] Suitable binder materials can be any suitable thermoplastic,
including poly(vinylbutyral), poly(vinylalcohol), poly (vinylchloride),
polycarbonate, polystyrene, poly(vinylidene chloride), poly(vinylidene
fluoride), poly(vinylidenedifluoride), poly(acrylonitrile), poly(oxyethylene),
cellulose esters, cellulose ethers, nylon 6,6, nylon 12, nylon 6,12,
poly(ethylene oxide),poly(ethylene-co-vinylacetate),poly(vinylcarbazole),
poly(caprolactone), polysulfone, poly(vinylpyrrolidone), poly(4-vinylphenol),
poly(methyloctadecylsiloxane), and the like. A preferred binder is
poly(vinylidenedifluoride) (PVDF).

.[00064] Other binder systems that may be employed include systems

employing thermosetting resins, for example, systems with urethane and
epoxies, as well as UV-curable binder systems.

[00065] The binder polymer can be put into solution with, or
dispersed into, a solvent. Light-emitting particles (103), binder polymer,
and solvent can be formulated into an ink, which can be applied by any
conventional printing process. In preferred embodiments, the binder
polymer and solvent are selected so that the light-emitting material is
insoluble, or has limited solubility, in the binder/solvent. By the term
"insoluble”, it is meant that the light-emitting material has a solubility of
less than about 10 mg/l at room temperature. It is preferred that the light-
emitting material has a solubility in the binder/solvent system of less than
about 1 mg/l. When it is said that the light-emitting material has limited
solubility in the binder/solvent system, what is meant is that the light-
emitting material is soluble in the binder/solvent system at room
temperature of less than about 0.5% by weight. It is preferred that a light-
emitting material having limited solubility is soluble in the binder/solvent
system at room temperature of less than about 0.1% by weight

[00066] One preferred embodiment is the dispersal of MEHPPV-
coated ZnS:Cu phophor particles into poly(methylmethacrylate) or
poly(butylmethacrylate) in a suitable solvent. Some examples of suitable
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solvents include tetrahydrofuran (THF), xylene, terpinol mixed isomers
(TERP), ethyldiglycol acetate (EDGA), dichloroethane (DGE), and the like,
and mixtures thereof.

[00067] A preferred binder system includes a UV-curable polymer-
forming system in a liquid that can be applied by a conventional printing
system, such as, for example, a screen-printing system. An example of
such a preferred binder is the ink that includes a UV curable urethane
acrylate/acrylate monomer blend of proprietary composition, designated
FD 3007 CL, available from Allied Photochemical Inc., Kimball, MI. This
type of ink can be applied by screen printing and cured by exposure to UV
illumination.

[00068] Another example of a UV-curable binder system that is
useful is available from DuPont, Wilmington, DE, and is identified as
Product Number 5018A.

[00069] For the description of other UV curable binder systems that
are useful in the present invention, see
http://www.sartomer.com/wpapers/3300.

[00070] In another embodiment, the light-emitting material (401) can
be in direct contact with the electroluminescent phosphor (301). Ina
preferred embodiment, shown in Fig. 2(a), the electroluminescent
phosphor (301) is coated with the light-emitting material (401), to form a
luminescent device in the form of a light-emitting particle (103). As
discussed above, the light-emitting particle (103) can optionally have a thin
coating of a protective material, such as aluminum nitride or silicon oxide,
between the phosphor particle (301) and the light-emitting material coating
(401).

[00071] The light emitting particles (103) can be used in an
embodiment of the present electroluminescent display device, an example
of which is shown in Fig. 6. In this embodiment, a first electrode (201) is
applied to a substrate (501), as described above. A layer comprising the
light-emitting particles (103) distributed in a binder (601) is then applied
over the first electrode. The layer containing the binder (601) and the

19



10

15

20

25

30

WO 2004/011250 PCT/US2003/022473

light-emitting particles (103) can be referred to as the light emitting layer.
Next, a second electrode (202) is applied to the cured bindetr/light-emitting
particle layer.

[00072] In an optional embodiment, shown in Fig. 7, a layer of a
dielectric material (701), such as, for example, barium titanate, can be
used in the device. A preferred location for the dielectric layer (701) is
between the first electrode (201) and the light-emitting layer. An
advantage of the use of a dielectric layer at this location is that it facilitates
the formation of a suitable electric field across the light emitting layer upon
the application of an AC current across the two electrodes. Such dielectric
layer can also be added to the configurations of the device shown in Fig.
3, Fig. 4, and Fig. 5, with the same advantageous effect.

[00073] In Fig. 8, an alternative embodiment of the
electroluminescent display device (101) is constructed by the application
of a first electrode (201) onto a substrate (501) as described above. A
layer of dielectric material (701) may be applied over the first electrode,
and the dielectric layer can be followed by the application of a binder layer
(601) in which phosphor particles (301) are embedded. The
binder/phosphor layer can be topped with a second electrode (202), which
is preferably composed of a material that is transparent to the radiant
energy emitted by the phosphor (301). A layer containing a light-emitting
material (401) can be applied over the second electrode, and this can be
covered with a protective layer (801), which can be a protective polymer,
glass, or the like. It is noteworthy that in this embodiment, the phosphor
and the light-emitting material are separated by the second electrode.
[00074] Figure 9 is an illustration of an electroluminescent display
device having a substrate(501), a first electrode (201), a light-emitting
layer (105) composed of light-emitting particles (103) dispersed in a
dielectric (601), a second electrode (202), and a front outlining electrode
(9083).

[00075] Figure 10 is an illustration of electroluminescent display

device having a substrate (501), a first electrode (201), a dielectric layer
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(701), a light-emitting layer (105) composed of light-emitting particles (103)
dispersed in a dielectric (601), a second electrode (202), and a front
outlining electrode (903). '

[00076] Fig. 11(a) and (b) illustrate the use of any one of the
electroluminescent display devices of Figures 3, 4, 5, 6, 7, 8, 9 or 10 in an
alternating current electrical system. Here, a first lead (901) of the AC
circuit is connected to the first electrode (201), and a second lead (902) is
connected to the second electrode (202). The leads can be made of any
material that will conduct an electric current, but the use of a metal, such
as silver, is preferred. The use of the device to display a specific
illuminated area, here the letter "A", is illustrated in Fig. 11(b).

[00077] When a source of alternating current of the proper voltage
and amperage is applied fo the first lead (901) and the second lead (902),
the resulting electric field causes excitation of the phosphor (301), which,
in turn, causes excitation of the light-emitting material (401), which emits
radiation from the device.

[00078] If desirable, other system components, such as timing
devices, switches, and the like can be added to the electrical system to
control the operation of the electroluminescent device. By way of
example, the device can be made to turn on and off, to blink, to fade
and/or brighten, and the like.

[00079] When the present luminescent device and
electroluminescent display device are produced, certain relative amounts
of the phosphor (301), the light-emitting material (401), and the binder
(601) -- when a binder is used -- have been found to be useful. It has
been found that a preferred ratio of the amount by weight of the light-
emitting material (401) to the weight of the phosphor (301) is within a
range of from about 1x10°:1 to about 1:1, more preferred is a ratio of from
about 0.00001: 1 to about 0.5:1, even more preferred is a ratio of from
about 0.0001:1 to about 0.3:1, yet more preferred is a ratio of from about
0.0005:1 to about 0.1:1, and even more preferred is a ratio of from about
0.0005:1 to about 0.01:1.
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[00080] When a binder is used, it is preferred that the ratio of the
sum of the amount by weight of the phosphor (301) and the amount by
weight of the light emitting material (401) to the amount by weight of the
binder solids is within a range of from about 1:1 to about 50:1, more
preferred to be within a range of from about 6:1 to about 30:1, and yet
more preferred to be within a range of from about 4:1 to about 10:1.
[00081] The electroluminescent display device of the present
invention can be used in signs, displays, and, in fact, anywhere a
conventional electroluminescent system is useful.

[00082] The following examples describe preferred embodiments of
the invention. Other embodiments within the scope of the claims herein
will be apparent to one skilled in the art from consideration of the
specification or practice of the invention as disclosed herein. lt is intended
that the specification, together with the examples, be considered to be
exemplary only, with the scope and spirit of the invention being indicated
by the claims which follow the examples. In the examples all percentages

are given on a weight basis unless otherwise indicated.

EXAMPLE 1

This example illustrates the production of an electroluminescent
phosphor particle coated with a light-emitting material.
[00083] Particles of an electroluminescent phosphor, such as ZnS:Cu
are prepared by precipitation, spray pyrolysis, spray chilling, and the like.
Further reduction in particle size may be achieved by micronizing using an
air mill or grinding them to an ultimate particle size of approximately 50
microns or less.
[00084] Phosphor particles of the desired size are then coated with a
light-emitting material, such as poly(p-phenylene vinylene) or poly[2-
methoxy-5-(2'-ethylhexyloxy)-1 ,4-phenylenevinylene]. In this process, the
phosphor particles are fluidized in an air or nitrogen stream and the light-
emitting material is spray coated onto the particles to form encapsulated

particles (Light-Emitting Particles). In an alternative method, the light-
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emitting polymer can be dispersed or put into solution in a solvent. The
light-emitting polymer solution is then added to the phosphor particles with
mixing. When the particles are coated with the light-emitting
polymer/solvent mixture, the solvent can be removed by evaporation, such
as in a rotating/ vacuum device while gentle heat is being applied.
[00085] If desired, a printing ink may be formulated by mixing the
encapsulated phosphor particles with one or more binder polymers, such
as, for example, poly(methylmethacrylate) or poly(butylmethacrylate), in a
suitable solvent. The ink is then ready for storage or for application to
form a part of an electroluminescent device.

. EXAMPLE 2.
[00086] This illustrates the fabrication and testing of
electroluminescent display devices that incorporate light-emitting particles
composed of various phosphor/ light-emitting material combinations.
[00087] With gentle heating as needed, one gram of
polymethylmethacrylate (PMMA), polystyrene (PS), or
poly(vinylidenedifluoride) (PVDF) was dissolved in 10 grams of 1,2
dichloroethane (DCE), tetrahydrofuran (THF), xylene, terpinol mixed
isomers (TERP), ethyldiglycol acetate (EDGA), or mixtures of two or more
of these, in a 25 ml glass vial. In a separate 15 ml glass vial, 0.2 gm of
particles of either TNE "white", or GGS "white" type phosphors, available
from Sylvania Corporation, were mixed with 0.5 gm of MEHPPV. After the
particles and the polymer were well mixed, 0.5 gm of the PMMA/DCE
polymer carrier solution described above was added to the vial, and the
contents were mixed and heated to 60°C for one minute. The light-
emitting material coated phosphor particles in the PMMA binder
[00088] The amount of the phosphor patticles, the binder, the
MEHPPV, and the solvents were varied from the amounts described
above in order to determine the effect of the relative amounts of each
component. Combinations of phosphor, light-emitting material, binder,
binder solvent, and relative amounts of these materials were used as

shown in Table 1.
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[00089] Electroluminescent display devices of the general type
shown in Fig. 6 were constructed by screen printing (through a polyester
screen of 158 mesh) a first electrode (201) of PEDOT onto a sheet of
polycarbonate (0.030" thick) used as the substrate (501). The PEDOT
was cured at 220°F. Next, a layer of Allied UV curable ink, product
number FD 3007 CL, available from Allied Photochemical, Inc., Kimball,
MI, was screen printed through a patterned 158 mesh screen onto the first
electrode, but a 2 mm diameter well was left unprinted. One microliter of
the mixture containing the light-emitting material-coated phosphor particles
in the binder was added to the well and the binder was cured by heating to
form a light emitting layer. When the light emitting layer was cured, a
second electrode (202) of PEDOT was screen printed over the dielectric
layer and the light-emitting layer well and the PEDOT was cured as
described above. Electrode leads of silver were screen printed to contact
each PEDOT electrode. Each of the electroluminescent display devices
was connected to an AC source of controlled voltage and the devices were
tested to determine (1) the minimum voltage (at 400 Hz) at which light was
first emitted, (2) the intensity of emitted radiation at standard conditions of

340 v, 400 Hz., and (3) the color of the emitted radiation.

24



PCT/US2003/022473

WO 2004/011250

F0E'0 | 90v°0 8L'¥ ove ot
Pee€0 | 8lv0 ¥E'E 8% S
9E0 | BEVO 8E'C 0¥e [
8/E°0 | €9Y0 G670 ove 0
e/ e/u ERE! 128 70 LG %02 HO®IN SAd 1:G00°0 %S0 0€8 4
uoIssiwe
6y oN 0ve ¥'0 L:g %0¢ | 8[Ujuoedy | VYINING L:100°0 %10 0€8 L
B/ B/U 699 %> 0¢
e e/ ¢S89 8% St
e Be/u €8'9 0¥e )"
e/u B/ 99 0% S
eu e/ vy 012> [4
e/ e/ €9} 0ye 70
B/ Ee/u =RE 19 70 SHUHUI 0 9UON SUON 1:10°0 % INL| VO
(mam)
£ y (2150 ofel (1m/am)
(SLIN) | (swon) | o Jepuid opye
lojo) | Aususiu] | Jemod Jdoydsoyd | u,0uo0H Juanjos Joydsouyd oiq QU0
Juoissiwe jybif Jo uogezuerIeyD | +AddHINW | Jepuig lepuig | Jepuld | /AddHIW | AddHIN | Joydsoud | “ON

'seolnep Aejdsip Jusossujwn|oloele Jo eourwiopad pue sjusuodwon 1| s|ge |

25



PCT/US2003/022473

WO 2004/011250

£0£°0 | 61E0 205 ore g
€80 | g¥e0 LvE 0123 Z
220 | 9/80 8Ll o¥e | %0
voa3
14 el %0 L'y | %S2 -diel | 4dAd L1100°0 %10 0g8 g
9820 | $82°0 8g"L 3 02
20| 6620 62 L 0ve Gl
2920 | 1€0 S6'9 ore ok
€820 | 6220 89y ove g
€LE°0| 6580 A 0¥e Z
1980 | 6£0 2’| 0¥ |  ¥'0
B/U B/u 314 S| ¥0 1S | %02 HO®W and 111000 %10 0€8 4
1461 oN o¥e|  ¥0 'S | %02 | ejuuuoedy | YINING L1000 %10 e8| ¢
98¢0 Gg8e'0 €e'e 10)%> 0¢
6820 | 06€0 G6'S 0ve St
(Im/m)
< y (Zh3) onel (1m/am)
(SLIN) | (suom) | o Jepuig onel
10]0D \Emcowc_ 19MOd \‘_ocamo:n_ u,ouon JUBAOS ._ocQwOr_n_ o.n.ocoO
Joissiwe 1y6if Jo uoezURlORIRYY | +AJdHIN | lepuig lepuig | pepulg | /AddHIN | AddHIW | Joydsoyd | "ON

26



PCT/US2003/022473

WO 2004/011250

892°0| 0220 Ll ove of
7620 | 9¥€0 72l 0¥e g
Y220 | 680 £8'8 0¥e 4
980 | LI¥O 282 obe| ¥0
314 0S| %0 1'G | %02 | eluHuoedy | YNNG 1:G00°0 %S0 0e8 L
1€2°0 | €920 6'GE 0re 02
1#2'0 | 220 €98 ove St
8920 | /820 7’1 0ve 0k
€82°0| 80E0 Lz ove g
LIE0| 6E£0 £Gl 0¥e 4
9920 | 2lE0 10§ ove| ¥0
14| 92| ¥0 ' | %02 HO®W dAd 111000 %10 0€8 9
gs2'0| 0420 966 0ve 02
092°0| 1820 188 0ve Sl
082°0 | 6620 v'9/L obe ol
(m/am)
< y (Z13) onel (1mm)
(SLIN) | (swon) | o 4 lepuig onel
Jojon | Aususuj | Jemod Jloydsoud | usu0n SJUBAI0S Joydsoyd oq OUOD
JUorssiwis 16| jo uonezieioerey) | +AddHIN | Jepuld Jopuig | Jepuig | /AddHAW | AddHIN | oudsoud | "ON

27



PCT/US2003/022473

WO 2004/011250

£6¢°0 £0 £es 0¥E g
12g0 £€0 9°Geg 0ve [4
/80 19€°0 ech ove ¥'0
voa3s
EJE 0ge 70 Ly %S¢ -die] | 4and L1000 % L0 0e8 6
/20| 60€0 LS 0re 0¢
8/2'0 | £2€0 [4S] 0re Gl
68c'0 | LEE0 209 ove 0}
[432¢) 19€°0 666 0%€ g
e’ 0| 0620 L'le 0¥e ¢
80| SH¥0 9’6 0ve 0
vod3
EQE| o 70 %% %S¢ -dia] ddAd }:G00°0 %S0 0€8 8
0420} /620 1°0¢ 4% 0¢
G9¢'0 | S0g0 }'02 8% Gl
(1mam)
p y (Z50) onel (1mAam)
(SLIN) | (sHon) | o ; Jspuig oljes
l0j00 | Aususiu] | Jemod /doydsoyd | u,0u0D SJUSAJ0S joydsoyd | 54 0U0D
Juoissiwe yby jo uopezyeioeieyd | +AddHAW | Jepulg lepuid | Jepulg | /AAdHIW | AddHIIN | Loydsoyd | “ON

28



PCT/US2003/022473

WO 2004/011250

6€2°0| 1/2°0 gLy )23 g
6.2°0| 20£0 zle 0ve 4
e/Uu e/u ] ove| v0
vHa3
4| 62| 0 Ly | %Se -diel | 4aAd 1:G00°0 %S0 ANL | ViE
LS7°0| LEVO 1270 0ve 02
€S0 | 620 1270 0ve Gl
Lvy'0 | 80¥°0 £2°0 ove ok
89%°0 | 99¥°0 810 0¥e g
L9v'0| /S¥°0 GL0 023 4
89%'0 | 1ESO L0 obe| v0
314 0LL] 0 IS | %02 | elnuolepy | VINING 1150070 %S0 aNL| OF
9¥e 0| 1520 0L 0¥e 02
G820 | 2920 796 0ve Sl
692°0 | 8420 L'¥8 ) 0L
(1mam)
p y (Zpi) onel (Imam)
(SLIN) | (swon) | r lepuig onel
10|00 \ﬁ_wcwyc_ JeMOd \LO_.\_QwOr_Q u,ouon SUBA|0S Locamosn_ o.n.OCOO
Juoissiwe 16| jo uonezusiorieyy | +AddHIN | Jepulg Jepuig | Jepuig | /AddHIW | AddHAN | foydsoyd | "oN

29



PCT/US2003/022473

WO 2004/011250

€420 | 6620 gece 0¥e g
te'0| ZLcg0 [ % [4
792’0 | €9€°0 GE'8 ove 70

ERE 8¢ 70 [ %0¢ | 8juHuoledyY | VINING 1:100°0 % L0 ANL cl
P0c0 | 9¥¢0 615 0y€ 0¢
¢lc’0| %5920 ¥'6¥ 0re Sl
9¢c’0| 9920 g'cy %3 Ot
98¢0 | 6820 8'cE ove g
€620 LIEO L'ie ove [4
e/u e/u 0L [0)74 0

voa3

ERE| c'qe 70 by %52 -diel | 4aAd F10°0 %} INL | gt
g6L'0} S§€C0 968 ove 0c
2’0 L¥e'0 99/ 0ve gl
€le’0| ¢25e¢0 £°89 ove 0]

(1m/am)
5 < Zp0) onel (1mam)
(SLIN) | (swon) |, 4 Jepuig ojel
Jojon | Alsusiu| | Jemod Jloydsoud | u,ouon JusAj08 Joydsoyd oq"OUOD
Juoissiwse JyBi| jo uonezeorieyy | +AddHIN | Jepuig lepuig | Jopuid | /AddHIN | AddH3W | oydsoyd | "ON

30



PCT/US2003/022473

WO 2004/011250

GEc’0 | S0g€0 8'6 ove gl
6vc0| 8leo 168 0ve Ol
e/ e/ 86 /L 0ve g
e/l E/u g9'v 0vE [4
e/u e/l 1971 10123 ¥'0

ERE! 9Ly 70 F:OF %01 aug|Ax Sd 1:600°0 %S0 3INL vl
LEe 0!l 8¥2C0 [ ove Gl
GlLg'0j €920 L'El ove ]
20| €L20 70l 023 g
1120 €0 G/ ove 4
€0 | 8¢g0 LLc 0% 70

4 14 70 1S %02 HO®N dAd 1:100°0 %10 ANL el
¢cc’0| 6920 8’y 023 0¢
€20 9920 158214 0¥e gl
E¥e’0| 8420 LG 0re 013

(Im/im)
P y (213) onel (im/am)
(SLIN) | (smon) |\ . Jepulg olel
l0[00 | Aususiu | lemod Jloydsoyd | u,0u0n JUSAI0S Joydsoyd | ,,0U0D
,uorssiwe 46| jo uoiezpeloeIBYD | +AJJHIW | Jepulg depulg | Jepulg | /AddHIW | AddHIN | Joydsoyd | "ON

31



PCT/US2003/022473

WO 2004/011250

¢le’0| 9ee0 14413 ove 0c
102’0 | vEe0 6,6 ove Gl
600 | €vc0 g'/8 0re ] 8
982’0 | €920 GL org g
€/2°0| 6820 67| Ope 4
€20 | 8lE0 291 o¥e | ¥0
voad
a1 7|  ¥0 Iy | %S2 -diel | 4aAd 1:100°0 %10 aNL | vol
020 | 920 861 ore Gl
802’0 | 9920 €8l 0ve 3
L£2°0 | 9920 Ll 0¥e g
G20 ¢62’0 801 ove [4
9£¢°0 [RANS 8L°¢E 0ve 70
314 o | v0 1S | %02 HO®W and 1:100°0 %10 ANL| G
9220 | 1620 Ll 0re 0z
(1mam)
< < (z1p) ofes (1m/3m)
(SLIN) | (sHon) |, I Jepuig onel
10]0D \Emcmwc_ JBMOd to:n_mor_a u,ouon SUBAJ0S ‘_ocamocn_ o.n.ocoO
Joissiwie 1yfj| jo uolrezisloeIeyy | +AddHIN | epulg Jepulg | Jopuid | /AddHAW | AddHAN | Joydsoyd | "oN

32



PCT/US2003/022473

WO 2004/011250

d71d Oy 70 LS %0¢ | dlljuoledy | VINNG }:600°0 %S0 ANL | 941
70| 1820 G0 0ve 0¢
Ye€'0| P0E0 cl'0 0vE Sl
890 | LOE'0 S9°0 0ve 01
9Llvy'0 | S¢e0 0 0re g
evy'0| 6920 6¢'0 0¥E [4
G0S'0| ¥L¥O GL'0 0ve 0

g4 9€1 0 LG %0¢ | 8juiucedy | YININd L:100°0 %10 dNL | VI
e/ e/ GL'o 0ye 0¢
e/l e/u ¢ 0 ove Gl
e/ B/ ¥¢0 ove 0l
e/ e/u 920 ove S
e/ e/u 810 0ve [4
e/u e/ 90'0 ove 70

374 8'¥8 70 L0} %0k 30d | VINING 1:10°0 %l dN1L | 991

(Im/am)
p y Zo0) ojel (1m/m)
(SLIN) | (swon) | . r Jepuig onel
10100 | Aususyu| | iemod /ioydsoyd | u,0u0) JUaAj0S Joydsoyd |  ,,0U0D
,uoissiwe yfy| Jo uoyezieloriey) | +AddHAN | Jepulg Jepuig | Jepuig | /AddHAW | AddHIN | Joydsoud | "oN

33



PCT/US2003/022473

WO 2004/011250

9gc’0 Gc'0 966 0ve 02
12c 0| 6v20 (41" 4% Gl
8¢c’0| €920 L0} % 0t
9¥2°0 120 9'c8 0% g
£€8c0| /620 £°GS % [4
vie'0 | S¢g'0 g8l 0¥ 70
voas
3714 9% 70 % %SC -diel | d4dAd 1:100°0 %10 3N.L 8l
¥2'0| 2020 Syl 0ve 0¢
¢gc’0| cleo Sl 0ye Gl
292’0 | G¢e0 Vel 0ve 0t
760 | LvED 91°6 0¥E g
€e0| S.£°0 k79 0ve 4
G8E'0 | 80v'0 14 8% 0
(mam)
£ y (Z1p0) ofyel (n/am)
(SLIN) | (swon) | o Jepuid ofes
l0j00 | Aususiu] | lemod Jioydsoyd | u,0u0p RIVEY oI Joydsoyd oq'OU0D
,uoissjwe 1yb| jo uolezusioeieyd | +AddHIAN | Jepuld Jopulg | Jepuld | /AddHINW | AddHIN | «foudsoyd | "ON

34



PCT/US2003/022473

WO 2004/011250

810 | 2120 Y 0¥€ Gl
8610 G220 cb 0vE 0l
€cc’o 20 [SAS) ore ]
2920 €920 z0v 0¥e 4
9ee’0 G620 L€l ove 70
voda3
4| 8¥e| ¥0 Ly | %Se -diel | 4aAd 0 %0 S | 0z
8810 | 9120 o] 0ve 02
6810 6120 Z'.6 0ve Gl
/610 9¢c’0 7'e8 ove Ol
3220 | %20 £0L ore g
920 | €920 61y 0re Z
Gee’0 | ¥62°0 76l o¥e |  ¥0
voa3
4| 2gee| ¥0 Iy | %Se -dlel | 4aAd 0 %0 SHn | 6l
(Imam)
. y 2H0) onel (1mam)
(SLIN) | (swon) | o m Jepulg oles
10|0D \ﬁ_wcwpc_ JoMOd \‘_o:n_wOr_Q u,ouon SUBAIOS ‘_Ocamocn_ o.n.ocoO
uoissiwe jyby jo uogezueioereyy | +AddHIN | tepuig Jepulg | Jepuid | /AddHIN | AddHINW | »oydsoud | "ON

35



PCT/US2003/022473

WO 2004/011250

¥61°0| Ll20 6cl 0% ol
¢éc'0| 8¢c0 [44]" 4% g
c9c0| 0820 ¢'19 ove [4
8¢€0| G20 L0¢ ove 70
voa3d

EJE ¥'69 70 by %S¢ -diel | 4dAd 0 %0 ANL| ©@¢
910 1020 8¢l ove 0¢
2210 ¥#02°0 L2l 0re gl
8810 | <cle0 9Lt ove ]
€lg0| 9¢c’0 001 ove g
6v¥¢’0 | L¥c/0 €29 ove [4
LE'0| 0/c°0 ele 0re 70

voda3

ENE! 8'le ¥'0 by %S2 -die] | dJaAd 0 %0 ANL| ¢

¢8L'0| €lc0 Gcl 0% 02
(mam)
. . (zhp1) onel (1mam)
(SLIN) | (swom) | p Jepuig onel
10j09 | Aususiy| | Jemod Aoydsoyd | u,ouo0n JUan08 joydsoyd | ,,"0UOD
joissiwe 1ybi| Jo uopeziueloeiey) | +AddHIW | Jepuig Jopulg | Jopuid | /AddHIN | AddHAN | »oydsoud | "ON

36



PCT/US2003/022473

WO 2004/011250

¥ec' 0l £92°0 959 %3 1]
e/l E/U €9 0ve G
e/ E/U 6E'¥ 4% 4
B/ B’/u 9’ 0ve 70

EjE 719 70 1S %0¢C dHL1 | VAN }1:G000°0 %S0°0 ANL ¥e
€lc’0| €¥c0 G'a8 ove 4
¢lg’ol 9veo 806 0% gl
6le’0| ¥S20 €8 (0% 0l
gye’ 0| ¥.c0 6°GL 0¥€ g
1820 10€°0 6V ore [4
8e€'0 | 8¢E0 ¢l 0ye 0

voda4d

ERE 9'Ge 0 Ly %S¢ -dis| 40Ad 1:G000°0 %50°0 ANL £¢
910 | 8610 8.1 ove 0¢
¢8L'0 | €020 091 0ve Gl

(mam)
P y (Z1pi) olel (mam)
(SLIN) | (swom) |y Jepuig ope)
Jojon | Aususpu| | 1emod Jloydsoud | u,ouon Juanjog Joydsoyd oq OUOD
Juoissjwe 6| jo uoiezyeloesey) | +AddHIW | Jepulg lepuig | Jepulg | /AddHIW | AddHIN | Joydsoyd | "oN

37



PCT/US2003/022473

WO 2004/011250

lgz’0| §/20 ¥'92 0ve 0l
6
¥2/0| 9620 Z'8l ove g
982°0 | 9220 gzh 0¥€ Z
v¥E0 | 65£°0 43R4 o¥e|  ¥0
314 6| 0 1S | %03 HO®N and 115000 %S0 INL| 92
802°0 | /¥20 Z'8e 0re 02
e1zo| eseo Lroe| ove| st
9220 | ¥92°0 £'Ge ove 0l
962°0 | ¥82°0 908 ore g
6820 | 0LED 1’61 ore Z
B/ B/U g9 ore |  +0
14| Ser| %0 1S | %02 auslAX Sd | €000°0 %S0°0 INL| Sg
v120 | 1520 ¥1'9 ore 02
¥120| S§52°0 ¥9'9 ore !
(1)
A X (zH>) o (o)
(SLIN) | (swon) | . lepuig ones
10]0D \Ew:m”_c_ J2MOd \‘_o_.\_n_moco_ u,ouon SJUBAIOS Locamo:n_ oﬁ.OCOO
Juoissiwe by jo uonezyseieyd | +AddHIN | Jepulg Jepuid | tepuld | /AddHIW | AddHIW | oydsoyd | "ON

38



PCT/US2003/022473

WO 2004/011250

€20 | 2820 44! 0ve 0l
9520 | 6¥20 998 023 g
6820 | L/20 £'8g ove Z
eye 0 620 9°0¢ ove 0
voad
314 A Ly | %Se -diel | 4aAd 0 %0 0g8| 82
g6L°0 | /£2°0 9'/8 o¥e 02
9020 | Sveo 9ge| ore Sl
€220 | 6520 gee|  ope 0l
¥S2°0 | 0820 812|  Ope g
1620 11€0 ad 0¥e Z
1980 | SPE0 LS| oke| v
314 20L| v 16| %02 HO®W and 1:500°0 %S0 aNL | Zz
0020 | §520 682| OFE 0z
L02°0| 2920 €82| ove Gl
(Imam)
P < Z50) oljel (1m/am)
(SLIN) | (swon) | . Jepuig . olel
10]0D \ﬁ_mcwwc_ 19MOd \Locamosa u,ouon 1USA[OS \_chwocn_ ud.ocoO
Joissiwe 1ybi jo uoirezusioeIRY) | +ADJHAN | epulg lepuid | Jepulg | /AddHAW | AddHIW | Joydsoyd | "oN

39



PCT/US2003/022473

WO 2004/011250

02¢0| ¥cc0 619 0% Gl
8cc'0| €eC0 L°LG 0oye 13
€620 G20 L0 0¥e g
68¢°0 AN G Lc ove [4
&0 160 668 % 0

14 [ 0 }-G %00 HO®IN dAd 0 %0 0€8 0
2120 ¢c’0 g'yS ove 0¢
¢c'0| ¥ec0 7’98 0ve Gl
6cc’0| ¥ECO L'cg 0ve 0l
€820 | 1s20 8¢ 0ve G
1820 | ¢lc0 8'Gc 014> [4
cre’0| 9620 66°8 ove 70

EjE Ge 70 }:S %02 | eluoedy | VNN 0 %0 0g8 6¢
Si¢0| Ll2O0 ogl ove 0¢
8L¢'0 | €¢g0 1€1 02> Gl

| (1/300)
P < (Z1p) ope! (3m/3m)
(SLIN) | (sWon) | o “_ Japuig onel
lojon | Aususiuj | Jamod Joydsoyd | u,ou0n JUBA0S loydsoyd |, 0U0D
Joisslwe By jo uoezueioriey) | +AddHIN | Jepuig Jepuig | Jepuig | /AddHIN | AddHAW | oydsoud | ‘oN

40



PCT/US2003/022473

WO 2004/011250

SdouBUIWNT Ylog sainsesW Jolew SIY] Y00 L-SD [8POIN 4818\ BUWOIYD pueiqg BIOUI) B UIM USYE] lem slusliainsesw
SU "painsesw pue pasuses si 18] Japun 92iAsp sy} wody Bulelpes 1ybl| eyl Ajuo pue payeuiwie st WyBI| snosueixe
oyl ||e 1eym wool pajjoiuod 1ybi| e Ul usH el alom SusWaINSesw Jojod pue Ajsusiul uojjeuiwny|| i
(voa3-die]) erereoe [00A|6GIpIAYIe yum papus|q siawos] paxiw jouidie] pue {(30() euey180iojudIp
‘ejuyuoleoe ‘(HOBIN) jourylew ‘ausihx ‘(4H1) UrinjoipAyelis; pepnjoul pesh slem eyl SJUSAJOS Jopulg ‘o
(gnd) rerfangiAuinijod pue
“(4aAd) (epuonypeusplifuin)Ajod (Sd) eueifishjod ‘(VINING) erelfioeyswiAyiswAjod pepnjoul pesn sispuig p
‘NddHIW pepnjoul 18U} sedirep 8soyl Ul AddHIIN 10} JUSAOS 8y} se pesn sem (JDQ) sueyieololyolq o

(AddHAIN)
‘leus|Auineusifusyd-* | -(AxojAxaylAyie-,z)-G-Axoylow-g]Ajod sem eses yoes Ui [eustew Bunuwe-1ybl sy ‘g

:uopeiodiod eiuenAg woyj sioydsoyd (,euum,) SO, pue ‘, INL, ‘,0€8, ‘erenonied sie sioydsoyd ‘e

:SOIO0N
¥l20| 6120 G§'8G (8% 0¢
(m/am)
onel M
‘ y (Z1pi) B (m/m)
(SLIN) | (swon) | n_ Jepulg onel
10109 | Aususiuj | Jemod Aoydsoyd | u,5u09 JUBA0S loydsoyd |  ,40U0D
Joissiwa 1yf| jo uolezielBIey) | +AddHIN | Jepulg Jepulg | Jepulg | /AddHIW | AddHIN | Joydsoyd | "oN

41



PCT/US2003/022473

WO 2004/011250

. "(=74) Wb
peniwg 1sli4 se papiooal sem zH Q0¥ 10 Aousnbaij e 1e pa1oslep 1sil} sem uoissiwe bl yoiym je ebeyoa sy B

‘o|ge|ieAe

10U SeM Blep 8y} Jey} suesw ,e/u, wis} oyl -,weibelp Ayopewosyo AX LE6], oUl st umouy ydesb e uo ‘Alsusiul

10 uepuedepui ‘eoeds JeuciSusLWIp OM] Ui 10]0o 8y} Buliuesaldel sejeulplood ate senfea Ax ey “AX syun ey} Buisn
JWwe1sAg 10jon J1D 161, SUl Se UMOUY S| JBYM Ui painseswl S Jojod Jo Alolrewolyo 8yl "S1|N Se o1 peusjel Ajjuelino

si pue ‘JeleW asenbs Jed sejjepueo ul painseaw si (A) eoueuiwn) sy "AX‘ A Ul Ino speal pue ‘senjea Ajoiewoiy) pue

42



10

15

20

25

30

WO 2004/011250 PCT/US2003/022473

EXAMPLE 3.
This illustrates the construction of an electroluminescent display device.
[00090] With reference to Fig. 9, a first electrode 201 is printed onto
a suitable substrate (501) in a desired pattern or patterns. Next, a light-
emitting layer (105), comprising light-emitting particles (103) in a dielectric
binder material (601), is printed onto the first electrode patterns. Then, a
transparent second electrode (202) is printed onto the light-emitting layer
(105).
[00091] After curing the light-emitting layer (105), a front outlining
electrode lead (FOEL) (903) is printed onto the second electrode (202).
Appropriate connection leads (Ag or C) to the first electrode (901) and to
the FOEL (902) are then printed.
[00092] The first electrode and the second elecirode may be
fabricated using conductive polymers to provide a totally polymeric system
without metals or metallic compounds.
[00093] Figure 10 is a schematic illustration of an alternative
embodiment of an electroluminescent (EL) multi-segment display device
comprising a substrate (501), a first electrode layer (201), a dielectric layer
(701, a light-emitting layer (105), an electrically conductive layer, or
second electrode (202), and a front outlining electrode lead (903). The
substrate (501) may comprise either metal or an electrically non-
conducting material. If, for example, an aluminum substrate is used, then
it is first coated with an insulative material.
[00094] The first electrode (201) is formed of an electrically
conductive material, for example, silver or carbon particles. Dielectric
layer (701) is formed of high dielectric constant material, such as barium
titanate. The illumination layer (105) is formed of light-emitting particles
(103) mixed with a dielectric binder (601), as described above. The
second electrode (202) may be formed of indium tin oxide (ITO), silver
particles, or other electrically conductive material.
[00095] The present device can be fabricated by first printing the first

electrode (201) onto the substrate (501). If the substrate is a metal or other
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conductor, such as aluminum, then an insulative coating is first applied
over the substrate using a compound such as Nazdar's Plastic Plus
(Nazdar Mid-America, St. Louis, MO). If the substrate is formed from a
non-conductor, such as a polyester film, polycarbonate, or other plastic
material, no coating is required.

[00096] The first electrode (201) is applied over a front surface of the
substrate (501). In an exemplary embodiment, the first electrode (201) is
formed of conductive particles, for example, silver or carbon, dispersed in
a polymeric or other binder to form a screen printable ink. In one
embodiment, the first electrode may comprise a silver particle ink such as
DuPont 7145. Alternatively, the first electrode may comprise a conductive
polymer such as polyaniline, polypytrole, and poly(3,4-
ethylenedioxythiophene). In an exemplary embodiment, a carbon first
electrode may have a thickness of between approximately 0.2 millimeters
and 0.6 millimeters. However, any suitable electrode thickness may be
employed. It is to be noted that the first electrode layer (201), as well as
each of the layers that are successively applied in fabricating the device
(101), may be applied by any appropriate method, including an ink jet
process, a stencil, flat coating, brushing, rolling, spraying, etc.

[00097] The first electrode layer (201) may cover the entire substrate
(501), but this layer typically covers only the illumination area (the area
covered by the light-emitting layer (105), described below).

[00098] After the first electrode layer is cured, an optional dielectric
layer (701) can be applied over the first electrode layer (201). In an
exemplary embodiment, a dielectric layer comprises a high dielectric
constant material, such as barium titanate dispersed in a polymeric binder
to form a screen printable ink. In one embodiment, the dielectric may be
an ink, such as DuPont 7153. The dielectric layer (701) may cover the
substrate either entirely, or may alternatively cover only the illumination
area. Alternatively, the dielectric layer (701) may include a high dielectric
constant material such as alumina oxide dispersed in a polymeric binder.

The alumina oxide layer can be applied over the first electrode and cured
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by exposure to UV light. In an exemplary embodiment, the dielectric layer
(701) may have a thickness of between approximately 20 microns and 31
microns.

[00099] In one embodiment, the dielectric layer has substantially the
same shape as the illumination area, but extends approximately 1/16" to
1/8" beyond the illumination area. Alternatively, the dielectric layer may
cover substantially all of the substrate (501).

[000100] Upon curing the dielectric layer (701), the illumination layer
(105) is applied over the dielectric layer. The illumination layer (105) is
formulated in accordance with the process described above. The size of
the illumination area covered by the illumination layer (105)may range
from approximately 1 sq. mm to 1000 sq. cm., or more. In an exemplary
embodiment of the present system, the illumination layer comprises light-
emitting material-coated phosphor particles (103), and has a thickness of
between approximately 20 microns and 31 microns.

[000101] Next, the second electrode (202) is printed over the light-
emitting layer (105), extending about 1/16" to 1/8" beyond the area
covered by the light-emitting layer (105). The distance beyond the
illumination layer to which the second electrode (202) extends is a function
of the size of the device. Accordingly, the extension of the second
electrode (202) beyond the illumination area may advantageously be
between approximately 2 percent and 10 percent of the width of the
illumination layer. In an exemplary embodiment, the second electrode
(202) comprises indium tin oxide (ITO) particles in the form of a screen
printable ink such as DuPont 7160. In an alternative embodiment, the
second electrode is non-metallic and is translucent or transparent, and
comprises a conductive polymer, such as polyaniline, polypyrrole, or
poly(3,4-ethylenedioxythiophene). In an exemplary embodiment, an ITO
conductive layer (202) may have a thickness of between approximately 5
microns and 13 microns.

[000102] Next, a front outlining electrode layer 903, comprising a

conductive material such as silver or carbon, is applied onto the outer
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perimeter of the second electrode (202) to transport electrical current
thereto. The front electrode lead (903) is typically a 1/16” to 1/8” wide
strip, approximately 2 percent to 20 percent of the width of the second
electrode (202), depending on the current drawn by device 101 and the
length of the device from the controller or power source. For example, the
front electrode lead (903) may be approximately 1/8” wide for a 50” wire
run from the controller.

[000103] The front outlining electrode leads (903) may be screen
printed onto the second electrode (202), or may be fabricated as
interconnect tabs extending beyond the substrate to facilitate connection
to a power source or controller. In one embodiment, the front outlining
electrode layer contacts substantially the entire outer perimeter of the
second electrode layer (202) and does not overlap the first electrode
(201). In an alternative embodiment, the front electrode lead (903)
contacts only about 25% of outer perimeter of the second electrode (202).
The front electrode lead (903) may be fabricated to contact any amount of
the outer perimeter of the second electrode (202), from about 25% to
about 100%. The front outlining electrode lead (903) may, for example,
comprise silver particles that form a screen-printable ink, such as DuPont
7145. In an alternative embodiment, front outlining electrode lead (903) is
non-metallic and is translucent or transparent, and comprises a conductive
polymer, such as polyaniline, polypyrrole, or poly(3,4-
ethylenedioxythiophene). Fabricating the first and the second electrodes
and the front outlining electrode lead with polymers such as the
aforementioned compounds would make device 101 more flexible, as well
as more durable and corrosion resistant. In an exemplary embodiment, a
silver front outlining electrode layer (903) may have a thickness of
between approximately 20 microns and 28 microns.

[000104] The electroluminescent device (101) that is fabricated by this
method can be connected to a source of alternating current as shown in
Fig. 11, for example, in order to provide an operating electroluminescent

system. If desired, a battery can be used to supply the current in
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conjunction with suitable phase inverting devices. Any number and type of
other electrical plugs, timers, connectors, switches, and the like can also
be added to the circuit in which the electroluminescent device is placed.
[000105] All references cited in this specification, including without
limitation all papers, publications, patents, patent applications,
presentations, texts, reports, manuscripts, brochures, books, internet
postings, journal articles, periodicals, and the like, are hereby incorporated
by reference into this specification in their entireties. The discussion of the
references herein is intended merely to summarize the assertions made by
their authors and no admission is made that any reference constitutes
prior art. Applicants reserve the right to challenge the accuracy and
pertinency of the cited references.

[000106] In view of the above, it will be seen that the several
édvantages of the invention are achieved and other advantageous results
obtained.

[000107] As various changes could be made in the above methods
and compositions without departing from the scope of the invention, it is
intended that all matter contained in the above description and shown in
the accompanying drawings shall be interpreted as illustrative and not in a

limiting sense.
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What is claimed is:
1. A luminescent device comprising an electroluminescent

phosphor in operative contact with a light-emitting material wherein
excitation of the electroluminescent phosphor by an alternating current
electrical field causes the emission of light by the light-emiiting material.

2. The luminescent device according to claim 1, wherein the
electroluminescent phosphor in operative contact with a light-emitting
material is in a form that is selected from the group consisting of an
electroluminescent phosphor particle coated with a light-emitting material,
an electroluminescent phosphor particle in direct contact with a light-
emitting material, an electroluminescent phosphor particle that is located
separate from a light-emitting material, an electroluminescent phosphor
particle embedded within a light-emitting material, an electroluminescent
phosphor layer adjacent a light-emitting material, and an
electroluminescent phosphor layer that is located separate from a light-
eﬁ1itting material.

3. The device according to claim 2, wherein the
electroluminescent phosphor is in the form of particles having an average
nominal size of from about 0.1 nm to about 10 nm.

4, The device according to claim 3, wherein the
electroluminescent phosphor particles have an average nominal size of
from about 0.05 microns to about 50 microns.

5. The device according to claim 3, wherein the
electroluminescent phosphor particles have an average nominal size of
from about 10 microns to about 40 microns.

6. The device according to any one of claims 1 - 5, wherein the
electroluminescent phosphor is present in an insulating layer which is
located between a first electrode and a second electrode to form an
electroluminescent display device.

7. The display device according to claim 6, wherein the first

electrode and the second electrode are free of metals and metal oxides.
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8. The display device according to claim 6, wherein the first
electrode and the second electrode comprise the same material.

9. The display device according to claim 6, wherein at least one
of the first electrode or the second electrode is transparent.

10.  The display device according to claim 6, wherein the first
electrode and the second electrode comprise an intrinsically conductive
polymer.

11.  The display device according to claim 6, wherein the first
electrode and the second electrode comprise a substituted or
unsubstituted intrinsically conductive polymer that is selected from the
group consisting of polyaniline, polyacetylene, poly-p-phenylene, poly-m-
phenylene, polyphenylene sulfide, polypyrrole, polythiophene, and

polycarbazole.
12.  The display device according to claim 6, wherein the first

electrode and the second electrode comprise poly(3,4-
ethylenedioxythiophene).

13.  The display device according to any one of claims 6 - 12,
wherein the first electrode and the second electrode are connected to a
source of alternating current.

14,  The display device according to claim 6, wherein the light-
emitting material is located in the insulating layer.

15.  The device according to any one of claims 1 - 14, wherein
the electroluminescent phosphor can be excited by an alternating current
electric field and can emit light at a first wavelength.

16. The device according to claim 15, wherein the
electroluminescent phosphor is an inorganic solid.

17.  The device according to claim 15, wherein the
electroluminescent phosphor is selected from the group consisting of:
CdSe;

InAs;
LaPQ., undoped or doped with one or more of Pr, Nd, Er, or Yb;
YOS, undoped or doped with Er;
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ZnS, undoped, or doped with Ag, Cu, Mn, Tb, TbF, or TbF3;

ZnSe; undoped or doped with Mn, or Cu;

ZnCdS;

M M,"(S, Se)s, where M" = Ca, Sr or Ba, and M" = Al, Ga, In, Y, or is
optionally absent, where the compound is undoped, or doped with Eu?* or
Ce® -

and mixtures thereof.

18.  The device according to claim 15, wherein the
electroluminescent phosphor is an organic material.

19.  The device according to claim 15, wherein the light-emitting
material is a material which is excited when in operative contact with the
excited electroluminescent phosphor and which is capable of emitting light
of a wavelength that is different than the light emitted by the
electroluminescent phosphor.

20. The device according to claim 15, wherein the light-emitting
material is an inorganic solid.

21.  The device according to claim 15, wherein the light emitting
material is selected from the group consisting of
LaPO., undoped or doped with one or more of Pr, Nd, Er, or Yb;

YOS, undoped or doped with Er;

M'AM."(S, Se)s, where M' = Ca, Sror Ba, and M" = Al, Ga, In, Y, or is
optionally absent, and where the compound is undoped, or doped with
Eu® or Ce®" ;

and mixtures thereof.

22, The device according to claim 15, wherein the light-emitting
material is an organic material.

23.  The device according to claim 15, wherein the light-emitting
material is selected from the group consisting of: antracene, undoped or
doped with tetracene; aluminum tris(8-hydroxyquinolinate); poly-(p-
phenylenevinylene) (PPV); poly[2-methoxy-5-(2'-ethyl)hexoxy-1,4-
phenylenevinylene] (MEHPPV), poly[2-methoxy-5-(2’-ethylhexyloxy)-1,4-
phenylenevinylene-co-4,4-bisphenylenevinylene] (MEH-BP-PPV), poly[2-
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methoxy-5-(2'-ethylhexyloxy)-1-(cyanovinylene)phenylene (MEH-CN-
PPV), poly[1,3-propanedioxy-1,4-phenylene-1,2-ethylene-(2,5-
bis(trimethyisilyl)-1,4-phenylene)-1,2-ethylene-1,4-phenylene] (DiSiPV); Tb
tris(acetylacetonate); Eu (1,10-phenanthroline)-tris(4,4,4-trifluoro-1 -(2-
thienyl)butane-1,3-dionate; Eu tris(dibenzoylmethanato)phenanthroline; Tb
tris(acetylacetonate)phenthroline;

Eu (4,7-diphenyl phenanthroline)-tris(4,4,4-trifluoro)-1-(2-thienyl)-butane-
1,3-dionate;

Nd (4,7-diphenylphenanthroline)(dibenzoylmethanato)s;
Eu(dibenzolmethanato)s-2-(2-pyridyl)benzimidazole;
Eu(dibenzolmethanato),-1-ethyl-2-(2-pyridyl)benzimidazole; Th-[3-(5-
phenyl-1 ,3,4-oxadiazol-2-yl)-2,4-pentanedionate]s;
lanthanide-tris(4-methylbenzoate); lanthanide-tris(4-methoxybenzoate); Th
tris(4-methylbenzoate); Tb tris(4-methoxybenzoylbenzoate); Eu tris(4-
methoxybenzoylbenzoate), Tb-tris(tetradecylphethalate)phenantroline; Th-
imidodiphosphinate; Tb 1-phenyl-3-methyl-4-(trimethylacetyl)pyrazol-4-
one; polypyridine; poly(p-phenylene vinylene); poly[2-methoxy-5-(2'-
ethylhexyloxy)-1,4-phenylenevinylene]; poly[2-methoxy-5-(2-
ethylhexyloxy)-1,4-phenylene-vinylene}; poly[(2-methoxy-5-(2-
ethylhexyloxy)-1 ,4-phenylene-vinylene)-alt-co-(4,4’-biphenylene-vinylene)];
poly[(9,9-dioctyl-2,7-divinylenefluorenylene)-alt-co-(9,10-anth racene)];
poly[(9,9-dioctyl-2,7-divinylenefluorenylene)—alt-co-(4,4’-biphenylene)];
poly[{9,9-dioctyl-2,7—divinylene-fIuorenylene}—alt-co-{2-methoxy-5-(2-ethy|-
hexyloxy)-1,4-phenylenel]; poly[{9,9-dioctyl-2,7-bis(2-cyanovinylene-
fluorenylene}-alt-co-{2-methoxy-5- (2-ethyl hexyloxy)-1,4-phenylene}};
poly[2-methoxy-5-(2-ethythexyloxy)-1,4-(1 -cyanovinylenephenylene)];
poly[{9,9-dihexyl-2,7-bis(1 -cyanovinylene)fluorenylene}-alt-co-{2,5-bis(N,
N'-diphenylamino)-1,4-phenylene}]; poly[{9-ethyl-3,6-bis(2-
cyanovinylene)carbazolylene)}-alt-co-{z-methoxy-5-(2- ethylhexyloxy)-1,4-
phenylene}]; poly[(9,9-di(2-ethythexyl)-fluorenyl-2,7-diyl)-co-(N, N'-
diphenyl)-N, N’-di-(p-butyl phenyl)-1,4-diaminobenzene]; poly[2-(6-cyano-
6-methylheptyloxy)-1,4-phenylene); poly[{9,9-dioctylfluorenyl-2,7-diyl}-co-

51



WO 2004/011250 PCT/US2003/022473

{1,4-(2,5-dimethoxy)benzenel]; poly[{9,9-dioctylfluorenyl-2,7-diyl}-co-{1,4-
(2,5-dimethoxy)benzenel]; poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(1,4-
ethylenylbenzene)]; poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(1,4-
diphenylene-vinylene-2-methoxy -5-{2-ethylhexyloxy}-benzene)]; poly[(9,9-
dihexylfluorenyl-2,7-divinylenefluorenylene)]; poly[(9,9-dihexyl-2,7-(2-
cyanodivinylene)-fluorenylene)]; poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(1,4-
vinylenephenylene)]; poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(1,4-
vinylenephenylene)]; poly(9,9-dioctylfluorenyl-2,7-diyl; poly(9,9-
dihexylfluorenyl-2,7-diyl) ; poly[9,9-di-(2-ethylhexyl)-fluorenyl-2,7-diyl];
poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(N,N’-diphenyl)-N,N’-di(p-
butyloxyphenyl)-1,4-diaminobenzene)]; poly[(9,9-dioctylfluorenyl-2,7-diyl)-
alt-co-(N,N’-diphenyl)-N,N’- di(p-butyloxy- phenyl)-1,4-diaminobenzene)];
poly[(9,9-dihexylfluorenyl-2,7-diyl)-co-(1,4-benzo-{2,1’ ,3}-thiadiazole)];
poly[(9,9-dihexylfluorenyl-2,7-diyl)-alt-co-(9,10-anthracene)]; poly[(9,9-
dioctylfluorenyl-2,7-diyl)-alt-co-(N,N’ -bis{4-butylphenyl}-benzidine- N,N’-
{1,4-diphenylene})]; poly[(9,9-dihexylfluorenyl-2,7-diyl)-alt-co-(2-methoxy-
5-{2-ethylhexyloxy}-1,4-phenylene)]; poly[(9,9-dihexylfluorenyl-2,7-diyl)-co-
(9,ethyl-3,6-carbazole)]; poly[(9,9-dihexylfluorenyl-2,7-diyl)-alt-co-(9,ethyl-
3,6-carbazole)]; poly[(9,9-dihexylfluorenyl-2,7-diyl)-alt-co-(9,9-
spirobifluorene-2,7-diyl]; poly[(9,9-dihexylfluorenyl-2,7-diyl)-co-(2,5-p-
xylene)]; poly[(9,9-dihexylfluorenyl-2,7-diyl)-co-(3,5-pyridine)]; poly[(9,9-
dihexylfluorenyl-2,7-diyl)-co-(1,4-phenylene)]; poly[(9,9-dihexylfluorenyl-

2 7-diyl)-alt-co-(9,9-di-{5-pentanyl}-fluorenyl-2’,7°-diyl; poly[(9,9-
dihexylfluorenyl-2,7-diyl)-co-(6,6'{2,2-bipyridine})]; poly[(9,9-
dihexylfluorenyl-2,7-diyl)-co-(6,6'-{2,2": 6,2 -terpyridine})]; poly[(9,9-
dihexylfluorenyl-2,7-diyl)-co-(N,N’ bis{p-butyiphenyl}-1,4-diamino
phenylene)]; 8-hydroxyquinoline; fluorescein; rhodamine; xanthene,
substituted or unsubstituted: substituted coumarin; substituted
hydroxycoumatin; substituted or unsubstituted tetra-cyanoquinolines;
ethidium bromide; propidium iodide; benzoxanthene yellow; bixbenzimide
((2'-[4-hydroxyphenyl]-5-[4-methyl-1 -piperazinyl]-2,5'-bi-1H-benzimidazol);
(2'-[4-ethoxyphenyl]-5-[4-methyl-1 -piperazinyl]-2,5'-bi-1H-benzimidazol));
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4,6-diamidino-2-phenylindole (DAPI); lithium tetra (2-methyl-8-
hydroxyquinolinato)boron; bis(8-hydroxyquinolinato)zinc;
tris(benzoylacetonato)mono(phenanthroline)europiumglll); tris(2-
phenylpyridine)iridium(lll); and tris(8-hydroxyquinolinato)gallium(li); tris(8-
hydroxyquinolato) aluminum; tetra(2-methyl-8-hydroxyquinolato) boron;
lithium salt; 4,4’-bié(g-ethyl-3-carbazovinylene)-1 ,1’-biphenyl; 9,10-di[(9-
ethyl-3-carbazoyl)-vinylenyl)]-anthracene; 4,4-bis(diphenylvinylenyl)-
biphenyl; 1,4-bis(9-ethyl-3-carbazovinylene)-2-methoxy-5-(2-
sthylhexyloxy)benzene; tris(benzoylacetonato)mono(phenanthroline)
europium (Ill); tris(dibenzoylmethane)mono(phenanthroline) europium (111);
tris(dibenzoylmethane)mono(5-aminophenanthroline)europium (1lf);
tris(dinapthoylmethane)mono(phenanthroline) europium (lll);
tris(biphenoylmethane)mono(phenanthroline) europium (1ll);
tris(dibenzoylmethane)mono(4,7-diphenylphenanthroline)europium (ill);
tris(dibenzoylmethane)mono(4,7-dimethylphenanthroline)europium (ill);
tris(dibenzoylmethane)mono(4,7-dihydroxyphenanthroline)europium (lIf);
tris(dibenzoylmethane)mono(4,7-dihydroxyloxyphenanthroline)europium
(H1); lithium tetra(8-hydroxyquinolinato) boron; 4,4'-bis(9-ethyl-3-
carbazovinylene)-1,1'-biphenyl; bis(8-hydroxyquinolinato)zinc; bis(2-
methyl-8-hydroxyquinolinato)zinc; iridium (111) tris(2-phenylpyridine); tris(8-
hydroxyquinoline)aluminum; tris[1-phenyl-3-methyl-4-(2,2-dimethylpropan-
1-oyl)-pyrazolin-5-one]-terbium, and mixtures of two or more of any of
these.

24.  The device according to claim 15, wherein the light-emitting
material is one that is not excited by an alternating current electrical field.

25.  The device according to claim 15, wherein the
electroluminescent phosphor particles comprise ZnS:Cu which are coated
with poly[2-methoxy-5-(2'-ethylhexyloxy)-1,4-phenylenevinylene].

26. The device according to claim 15, wherein the wavelength of
light emitted by the light-emitting material is in the range of infrared,

visible, or ultraviolet.
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27.  The device according to claim 15, wherein the wavelength of
light emitted by the light-emitting material comprises infrared light.

28. The device according to claim 15, wherein the wavelength of
light emitted by the light-emitting material comprises visible light.

29.  The device according to claim 15, wherein the wavelength of
light emitted by the light-emitting material comprises ultraviolet light.

30. The device according to claim 1, wherein the ratio of the
amount of the electroluminescent phosphor to the light-emitting material is
within a range of about 0.00001: 1 to about 0.5:1.

31. The device according to claim 1, wherein the ratio of the
amount of the electroluminescent phosphor to the light-emitting material is
within a range of about 0.0005:1 to about 0.1:1.

32. The device according to claim 1, wherein the ratio of the
amount of the electroluminescent phosphor to the light-emitting material is
within a range of about 0.0005:1 to about 0.01:1.

33. The device according to claim 1, wherein the wavelength of
the light emitted by the electroluminescent phosphor is about the same as
the peak excitation wavelength for the light-emitting material.

34. The device according to claim 6, wherein one or more
dielectric layers that are separate from the insulating layer are present
between the first electrode and the second electrode.

35. The device according to claim 6, wherein the first electrode
or the second electrode is located adjacent a substrate.

36. The device according to claim 35, wherein the substrate is a
flexible material.

37. The device according to claim 35, wherein the substrate is
selected from the group consisting of plastic film and fabric.

38. The device according to claim 1, wherein at least two
separate light-emitting materials are present, at least one of which is
excited by excitation of the electroluminescent phosphor and at least one
other of which emits light upon being excited by the excitation of a light-

emitting material.
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39. The device according to claim 38, wherein the light-emitting
material which emits light is one that emits infrared light.

40. A method of making a luminescent device comprising placing
an electroluminescent phosphor in operative contact with a light-emitting
material.

41. The method according to claim 40, comprising coating an
electroluminescent phosphor particle with a light-emitting material.

42. A method of making an electroluminescent display device
comprising the steps:

placing an electroluminescent phosphor and an insulating layer
between a first electrode and a second electrode; and

placing a light-emitting material in operative contact with the
electroluminescent phosphor.

43. The method according to claim 42, wherein the phosphor is
placed in direct contact with the light-emitting material.

44. The method according to claim 43, wherein the phosphor is
in particulate form and is coated with the light-emitting material to form
light-emitting particles.

45. The method according to claim 44, wherein the light-emitting
particles are mixed with a dielectric material to form a light-emitting layer.

46. The method according to any one of claims 42 - 45, wherein
the first electrode is placed adjacent a substrate.

47. The method according to any one of claims 42 - 46, wherein
a dielectric layer is placed between the first electrode and the light-emitting
layer.

48. The method according to any one of claims 42 - 47, wherein
the first electrode and the second electrode comprise an intrinsically
conductive polymer.

49. The method according to claim 42, comprising:

coating electroluminescent phosphor particles with a light-emitting

material;
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formulating an ink by mixing the coated electroluminescent
phosphor particles with at least one binder polymer;

depositing a conducting rear electrode onto a substrate in a pattern;

depositing the ink onto the rear electrode to form an ink layer;

optionally depositing a transparent hole-transporting electrode onto
the ink layer;

depositing a front outlining electrode onto either the ink layer or the
optional transparent hole-transporting electrode; and

depositing connection leads to the rear electrode and the front
outlining electrode.

50. The method according to claim 42, comprising:

formulating an ink my mixing electroluminescent phosphor particles
with at least one binder polymer;

depositing a conducting rear electrode onto a substrate in a pattern;

depositing the ink onto the rear electrode to form an ink layer;

depositing a layer containing a light-emitting material onto the ink
layer;

optionally depositing a transparent hole-transporting electrode onto
the ink layer;

depositing a front outlining electrode onto either the ink layer or the
optional transparent hole-transporting electrode; and

depositing connection leads to the rear electrode and the front
outlining electrode.

51. The method according to any one of claims 42 - 50, wherein
the electroluminescent phosphor comprises a material that is selected
from the group consisting of:

CdSe;

InAs;

LaPO,, undoped or doped with one or more of Pr, Nd, Er, or Yb;
YOS, undoped or doped with Er;

ZnS, undoped, or doped with Ag, Cu, Mn, Tb, TbF, or TbF3;
ZnSe; undoped or doped with Mn, or Cu;
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ZnCdS;

M'"M,"(S, Se)s, where M™ = Ca, Sror Ba, and M" = Al, Ga, In, Y, oris
optionally absent, where the compound is undoped, or doped with Eu®* or
CeS+ :

and mixtures thereof.

52.  The method according to any one of claims 42 - 51, wherein
the light-emitting material is an organic material.

53. The method according to any one of claims 42 - 52, wherein
the light-emitting material is selected from the group consisting of:
antracene, undoped or doped with tetracene; aluminum tris(8-
hydroxyquinolinate); poly-(p-phenylenevinylene) (PPV); poly[2-methoxy-5-
(2'-ethyl)hexoxy-1,4-phenylenevinylene] (MEHPPV); poly[2-methoxy-5-(2’-
ethylhexyloxy)-1,4-phenylenevinylene-co-4,4’-bisphenylenevinylene]
(MEH-BP-PPV), poly[2-methoxy-5-(2'-ethylhexyloxy)-1-
(cyanovinylene)phenylene (MEH-CN-PPV), poly[1,3-propanedioxy-1,4-
phenylene-1,2-ethylene-(2,5-bis(trimethylsilyl)-1,4-phenylene)-1,2-
ethylene-1,4-phenylene] (DiSiPV); Tb tris(acetylacetonate); Eu (1,10-
phenanthroline)-iris(4,4,4-trifluoro-1-(2-thienyl)butane-1,3-dionate; Eu
tris(dibenzoylmethanato)phenanthroline; Th
tris(acetylacetonate)phenthroline;

Eu (4,7-diphenyl phenanthroline)-tris(4,4,4-trifluoro)-1-(2-thienyl)-butane-
1,3-dionate;

Nd (4,7-diphenylphenanthroline)(dibenzoylmethanato)s;
Eu(dibenzolmethanato)s-2-(2-pyridyl)benzimidazole;
Eu(dibenzolmethanato),-1-ethyl-2-(2-pyridyl)benzimidazole; Th-[3-(5-
phenyl-1,3,4-oxadiazol-2-yl)-2,4-pentanedionate]s;
lanthanide-tris(4-methylbenzoate); lanthanide-tris(4-methoxybenzoate); Tb
tris(4-methylbenzoate); Tb tris(4-methoxybenzoylbenzoate); Eu tris(4-
methoxybenzoylbenzoate); Th-tris(tetradecylphethalate)phenantroline; Tb-
imidodiphosphinate; Tb 1-phenyl-3-methyl-4-(trimethylacetyl)pyrazol-4-
one; polypyridine; poly(p-phenylene vinylene); poly[2-methoxy-5-(2'-
ethylhexyloxy)-1,4-phenylenevinylene]; poly[2-methoxy-5-(2-

57



WO 2004/011250 PCT/US2003/022473

ethylhexyloxy)-1,4-phenylene-vinylene]; poly[(2-methoxy-5-(2-
ethylhexyloxy)-1 ,A-phenylene-vinylene)-alt-co-(4,4’-biphenylene-vinylene)];
poly[(9,9-dioctyl-2,7-divinylenefluorenylene)-alt-co-(9,1 0-anthracene)];
poly[(9,9-dioc’tyl-2,7—divinylenef|uorenylene)-alt-co-(4,4’-biphenylene)];
poly[{9,9-dioctyl-2,7-divinylene-fluorenylene}-alt-co-{Z—methoxy-5-(2-ethy|-
hexyloxy)-1,4-phenylene}]; poly[{9,9-dioctyl-2,7-bis(2-cyanovinylene-
fluorenylene}-alt-co-{2-methoxy-5- (2-ethyl hexyloxy)-1,4-phenylene}];
poly[2-methoxy-5-(2-ethylhexyloxy)-1,4-(1 -cyanovinylenephenylene)];
poly[{9,9-dihexyl-2,7-bis(1 -cyanovinylene)fluorenylene}-alt-co-{2,5-bis(N,
N’-diphenylamino)-1,4-phenylene}]; poly[{9-ethyl-3,6-bis(2-
cyanovinylene)carbazolylene)}-alt-co-{2-methoxy-5-(2- ethylhexyloxy)-1,4-
phenylene}]; poly[(9,9-di(2-ethylhexyl)-fluorenyl-2,7-diyl)-co-(N, N’-
diphenyl)-N, N’-di-(p-butyl phenyl)-1 4-diaminobenzene]; poly[2-(6-cyano-
6-methylheptyloxy)-1,4-phenylene); poly[{9,9-dioctylfluorenyl-2,7-diyl}-co-
{1,4-(2,5-dimethoxy)benzene}]; poly[{9,9-dioctylfluorenyl-2,7-diyl}-co-{1,4-
(2,5-dimethoxy)benzene}]; poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(1,4-
ethylenylbenzene)]; poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(1,4-
diphenylene-vinylene-2-methoxy -5-{2-ethylhexyloxy}-benzene)]; poly[(9,9-
dihexylfluorenyl-2,7-divinylenefluorenylene)]; poly[(9,9-dihexy!-2,7-(2-
cyanodivinylene)-fluorenylene)]; poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(1,4-
vinylenephenylene)]; poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(1,4-
vinylenephenylene)]; poly(9,9-dioctylfluorenyl-2,7-diyl; poly(9,9-
dihexylfluorenyl-2,7-diyl) ; poly[9,9-di-(2-ethylhexyl)-fluorenyl-2,7-diyl];
poly[(9,9-dioctylfluorenyl-2,7-diyl)—co-(N,N’-diphenyl)—N,N’—di(p-
butyloxyphenyl)-1,4-diaminobenzene)]; poly[(9,9-dioctylfluorenyl-2,7-diyl)-
alt-co-(N,N’-diphenyl)-N,N’- di(p-butyloxy- phenyl)-1 4-diaminobenzene)];
poly[(9,9-dihexylfluorenyl-2,7-diyl)-co-(1,4-benzo-{2,1’ ,3}-thiadiazole)];
poly[(9,9-dihexylfluorenyl-2,7-diyl)-alt-co-(9,1 0-anthracene)]; poly[(9,9-
dioctylfluorenyl-2,7-diyl)-alt-co-(N,N’ -bis{4-butylphenyi}-benzidine- N,N’-

~ {1,4-diphenylene})]; poly[(9,9-dihexylfluorenyl-2,7-diyl)-alt-co-(2-methoxy-
5-{2-ethylhexyloxy}-1,4-phenylene)]; poly[(9,9-dihexylfluorenyl-2,7-diyl)-co-
(9,ethyl-3,6-carbazole)]; poly[(9,9-dihexylfluorenyl-2,7-diyl)-alt-co-(9,ethyl-
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3,6-carbazole)]; poly[(9,9-dihexylfluorenyl-2,7-diyl)-alt-co-(9,9™-
spirobifluorene-2,7-diyl]; poly[(9,9-dihexylfluorenyl-2,7-diyl)-co-(2,5-p-
xylene)]; poly[(9,9-dihexylfluoreny|-2,7—diyl)-co-(3,5-pyridine)]; poly[(9,9-
dihexyifluorenyl-2,7-diyl)-co-(1,4-phenylene)]; poly[(9,9-dihexylfluorenyl-
2,7-diyl)-alt-co-(9,9-di-{5-pentanyl}-fluoreny!-2’,7°-diyl; poly[(9,9-
dihexylfluorenyl-2,7-diyl)-co-(6,6’{2,2’-bipyridine})]; poly[(9,9-
dihexylfluorenyl-2,7-diyl)-co-(6,6"-{2,2": 6',2”-terpyridine})]; poly[(9,9-
dihexylfluorenyl-2,7-diyl)-co-(N,N’ bis{p-butylphenyl}-1 ,4-diamino
phenylene)]; 8-hydroxyquinoline; fluorescein; rhodamine; xanthene,
substituted or unsubstituted; substituted coumarin; substituted
hydroxycoumarin; substituted or unsubstituted tetra-cyanoquinolines;
ethidium bromide; propidium iodide; benzoxanthene yellow; bixbenzimide
((2'-[4-hydroxyphenyl]-5-[4-methyl-1 -piperazinyl]-2,5'-bi-1H-benzimidazol);
(2'-[4-ethoxyphenyl]-5-[4-methyl-1 -piperazinyl]-2,5'-bi-1H-benzimidazol));
4 6-diamidino-2-phenylindole (DAPI); lithium tetra (2-methyl-8-
hydroxyquinolinato)boron; bis(8-hydroxyquinolinato)zinc;
tris(benzoylacetonato)mono(phenanthroline)europium(lII); tris(2-
phenylpyridine)iridium(lll); and tris(8-hydroxyquinolinato)gallium(lil); tris(8-
hydroxyquinolato) aluminum; tetra(2-methyl-8-hydroxyquinolato) boron;
lithium salt; 4,4’-bis(9-ethyl-3-carbazovinylene)-1,1’-biphenyl; 9,10-di[(9-
ethyl-3-carbazoyl)-vinylenyl)]-anthracene; 4,4 -bis(diphenylvinylenyl)-
biphenyl; 1,4-bis(9-ethyl-3-carbazovinylene)-2-methoxy-5-(2-
ethylhexyloxy)benzene; tris(benzoylacetonato)mono(phenanthroline)
europium (lIl); tris(dibenzoylmethane)mono(phenanthroline) europium (ll);
tris(dibenzoylmethane)mono(5-aminophenanthroline)europium (1n;
tris(dinapthoylmethane)mono(phenanthroline) europium (l1);
tris(biphenoylmethane)mono(phenanthroline) europium (11;
tris(dibenzoylmethane)mono(4,7-diphenylphenanthroline)europium (1n;
tris(dibenzoylmethane)mono(4,7-dimethylphenanthroIine)europium (1y;
tris(dibenzoylmethane)mono(4,7-dihydroxyphenanthroline)europium (1y;
tris(dibenzoylmethane)mono(4,7-dihydroxyloxyphenanthroline)europium

(H1); lithium tetra(8-hydroxyquinolinato) boron; 4,4'-bis(9-ethyl-3-
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carbazovinylene)-1,1'-biphenyl; bis(8-hydroxyquinolinato)zinc; bis(2-
methyl-8-hydroxyquinolinato)zing; iridium (lil) tris(2-phenylpyridine); tris(8-
hydroxyquinoline)aluminum; tris[1-phenyl-3-methyl-4-(2,2-dimethylpropan-
1-oyl)-pyrazolin-5-one]-terbium, and mixtures of two or more of any of

these.
54. The method according to claim 42, wherein all steps are

carried out under ambient conditions of temperature and atmosphere.
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