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METHODS FOR FABRICATING POLYMER LIGHT
EMITTING DEVICES BY LAMINATION

[0001] This application claims the benefit of U.S. Provi-
sional Application Ser. No. 60/308,194, filed on Jul. 27,
2002, which is incorporated herein by reference.

[0002] The present invention arose through work sup-
ported in part by Office of Naval Research. The United
States Government may have certain rights to this invention
under 35 U.S.C. Section 200 et seq.

TECHNICAL FIELD OF THE INVENTION

[0003] This invention relates to light-emitting devices
driven by an electric field and which are commonly referred
to as electroluminescent devices.

BACKGROUND OF THE INVENTION

[0004] Conjugated polymer based light-emitting devices
have become a topic of great interest since the report of
electroluminescent properties in poly(phenylene vinylene)
(PPV). A large variety of polymers, copolymers, and their
derivatives have been shown to exhibit electroluminescent
properties. The configurations of these devices may consist
of a simple single layer, bilayers, or blends used to enhance
efficiency and tune the emission wavelength, or multilayers
that may allow the device to operated under an applied
voltage.

[0005] Typical single layer polymer LEDs are constructed
by sandwiching a thin layer of luminescent conjugated
polymer between two electrodes, an anode and a cathode,
where at least one electrode is either transparent or semi-
transparent. In some multilayer devices, charge injection and
transport layers may be incorporated to improve device
performance. A typical polymer LED fabrication process
starts from a single indium-tin oxide (ITO) coated substrate,
where the ITO acts as the anode. After careful cleaning, the
polymer layers are then sequentially coated onto the sub-
strate, usually by spin-casting techniques. Finally, a low
work function metal is formed on top of the polymer layers
by vacuum deposition techniques such as thermal evapora-
tion or sputtering. This method of producing polymer LEDs
has proven to be costly for large area applications.

[0006] Conjugated polymer light emitting devices offer
substantial advantages over their inorganic counterparts
such as solution processibility, easy band gap tunability, and
mechanical flexibility. One unique advantage of conjugated
polymer LEDs is their potential for web based roll-to-roll
processing, whereby the cost of manufacturing polymer
LEDs for large area applications can be significantly
reduced. In the past few years, polymer LEDs have made
remarkable progress toward commercialization. The effort,
however, has been mainly focused on small area applica-
tions.

[0007] Tt is thus an object of the present invention to
provide a method of fabrication that provides a fast, inex-
pensive means of fabricating polymer light emitting devices
suitable for large area applications.

[0008] Although described with respect to the field of
light-emitting devices driven by an electric field, it will be
appreciated that similar advantages of lamination used in
fabricating polymer devices, as well as other advantages,
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may obtain in other applications of the present invention.
Such advantages may become apparent to one of ordinary
skill in the art in light of the present disclosure or through
practice of the invention.

SUMMARY OF THE INVENTION

[0009] The present invention includes methods for fabri-
cating electroluminescent polymer devices and electrolumi-
nescent polymer systems by lamination. The methods of the
present invention may be used in fabricating unipolar LED
devices, bipolar SCALE devices and bipolar two-color
SCALE devices. The methods of the present invention may
be applied using procedures and protocols known and used
in the arts to which they pertain. The present invention may
be used to upgrade, repair, or retrofit existing machines or
instruments using those aspects of the invention, using
methods and components used in the art.

[0010] In broadest terms, the method of the present inven-
tion for fabricating polymer light emitting devices by lami-
nation comprises: (1) obtaining a first member, where the
first member includes a layer of a first electrode material,
and a second member, where the second member includes a
layer of a second electrode material; and at least one of said
first and second members contains a layer of a light-emitting
material capable of functioning as a light-emitting layer in a
light-emitting device; and (2) laminating the first and second
members so as to produce a laminate having said at least one
light-emitting material between the first and second elec-
trode materials. Either the first or second member, or both,
may contain a layer of polymer selected from the group
consisting of conducting and semi-conducting polymers,
such as polyanilines, polythiophenes, polypyrroles, their
derivatives, coploymers and blends thereof, and may also
contain an outer layer of substrate material. The substrate
material may be substantially impermeable to either oxygen
or water. The substrate may be transparent. Further, the
substrate may be rigid, resisting deformation from forces
exerted by the human hand, or flexible, easily deformed by
hand force. The laminate may comprise opposing electrical
contact surfaces of the first and second members, and may
be conducted such that at least one arca of the laminate is
sufficiently incompletely laminated such that the light-emit-
ting device containing the laminate functions only upon
application of pressure to the laminate. The laminate may
alternatively comprise opposing electrical contact surfaces
of the first and second member, where the opposing elec-
trical contact surfaces are maintained in a spaced relation-
ship by a layer of a spacing material in at least one area of
the laminate, such that the light-emitting device containing
the laminate functions only upon application of pressure to
the laminate. The spacing material may be selected from the
group consisting of aerogel materials and foamed materials.

[0011] The present invention also includes a method for
preparing a layered composite capable of forming a light-
emitting device comprising the steps: (1) obtaining a first
member, where the first member comprises an outer layer of
an electrode-bearing substrate material, and a second mem-
ber, where the second member comprises an outer layer of
an electrode-bearing substrate material; at least one of the
first and said second members may comprise one or more
layers of a light-emitting material capable of functioning as
a light-emitting layer in a light-emitting device; and the
inner side of either the first member and the second member,
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or both, comprises a polymer selected from the group
consisting of conducting and semi-conducting polymers;
and (2) laminating the first and second members so as to
produce a laminate having said at least one light-emitting
material between the first electrode material and the second
electrode material. The conducting or semiconducting poly-
mer may be selected from the group consisting of polya-
nilines, polythiophenes, polypyrroles, their derivatives, their
copolymers and blends thereof, and the substrate material
may be substantially impermeable to either oxygen or water.

[0012] The electrodes of the present invention may be
patterned, such as for pixelation.

[0013] Examples of light emitting molecules that may be
used in the emitting layer include: tris(8-quinolinolato)alu-
minum, bis(2-(2-hydroxyphenyl)pyridinato)beryllium,
anthracene, tris(2-phenylpyridine)iridium doped in a host of
4,4'-N,N'-dicarbazol-biphenyl, their derivatives and blends
thereof.

[0014] Examples of light emitting oligomers that may be
used in the emitting layer include: oligo(phenylenevi-
nylene)s, sexithiophene, oligo(thiophene)s, oligo(py-
ridine)s, their derivatives and blends thereof.

[0015] Examples of light emitting polymers that may be
used in the emitting layer include: poly(arylene vinylene)s,
poly(phenylene)s, poly(fluorene)s, poly(vinyl carbazole),
poly(pyridine), poly(pyridyl vinylene), poly(phenylene
vinylene pyridyl vinylene), their derivatives, their copoly-
mers and blends thereof.

[0016] The present invention also includes a method for
preparing a layered composite capable of forming a light-
emitting device comprising the steps: (1) obtaining a first
member, where the first member comprises an outer layer of
a substrate material, and a second member, where the second
member comprises an outer layer of a substrate material;
both the first and said second members comprise layers of a
light-emitting material capable of functioning as a light-
emitting layer in a light-emitting device; the substrate mate-
rial of the first and second members comprises an electrode
material substantially impermeable to either oxygen or
water; and the inner side of the first and second member
comprises a polymer selected from the group consisting of
polyanilines, polythiophenes, polypyroles, their derivatives,
their copolymers and blends thereof; and (2) laminating the
first and second members so as to produce a laminate having
said at least one light-emitting material between the first
electrode material and the second electrode material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 shows repeat units of materials of the
present invention.

[0018] FIG. 2 is a is a side elevation view of a two-piece
laminated polymer light emitting device of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0019] In accordance with the foregoing summary, the
following present a detailed description of the preferred
embodiment of the invention that is currently considered to
be the best mode.

Jan. 30, 2003

[0020] The fabrication of working light emitting devices
by laminating two pieces together can be accomplished
using a conducting polymer such as sulfonated polyaniline
(SPAN) or other fully or partially doped polyanilines (e.g.
PAN-CSA, PAN-HCI), polypyrroles (e.g. PPy-PFy), poly-
thiophenes (e.g. PEDOT-PSS), or a semiconductive polymer
such as the emeraldine base form of polyaniline. The con-
ducting polymer layers allow good electrical contact when
the two pieces are held together by pressure or other physical
or chemical bonding. The laminated fabrication allows a
very inexpensive and fast means to fabricate polymer light
emitting devices that are suitable for large area applications.

[0021] In a typical device fabrication process for a two-
piece laminated device Substrate/ITO/PPyVPV:PTP/SPAN/
SPAN/ITO/Substrate, an example of which is shown in FIG.
2, a blend of a copolymer of poly(pyridyl vinylene) and
poly(phenylene vinylene) derivative, poly(pyridyl vinylene
phenylene vinylene) (PPyVPYV), and a copolymer of poly-
thiophene and polyphenylene derivative, poly(thienylene
phenylene) (PTP), are used as the emitting materials. The
blend of PPyVPV and PTP has successfully been used as
active layers in SCALE devices, particularly color variable
bipolar/AC light emitting devices. Sulfonated polyaniline
(SPAN) can be used as the connecting medium. SPAN is a
water soluble self doped conducting polymer with a con-
ductivity of ~0.01 S/cm. FIG. 1 shows the chemical struc-
tures of PPyVPV 3, PTP 4, and SPAN 5. The structure of the
two pieces for the laminated device is shown schematically
in FIG. 2. For the first piece 14, the PPyVPV:PTP (3:2
weight ratio) blend layer 10 may be formed by spin-casting
at ~2000 rpm from trichloroethylene or xylenes solution
(total concentration of ~10 mg/ml) onto pre-cleaned pat-
terned ITO coated 11 glass substrate 12 or flexible PET
substrate. The SPAN layer 9 may be subsequently spin
coated over the emitting layer 10 from an aqueous solution
(20 mg/ml). In order to minimize the probability of cross-
talk in a pixelated display, a blend of SPAN and poly(vinyl
aleohol) (PVA) (1:1 weight ratio) may be used to reduce the
lateral conductance between the pixels. For the second piece
13, the SPAN layer 8 may be spin-coated at ~2000 rpm onto
pre-cleaned patterned ITO coated 7 glass substrate 6 or
flexible PET substrate. Again, in order to minimize the
probability of cross-talk in a pixelated display, a blend of
SPAN and poly(vinyl alcohol) (PVA) (1:1 weight ratio) may
be used to reduce the lateral conductance between the pixels.
After drying, the two pieces may be held together by
pressure or other physical or chemical bonding processes.

[0022] This device may be a color variable bipolar device.
The device can generate light in either polarity of the driving
voltage when a pressure is applied to the device using, for
example, the rubber tip on a pencil. The device may generate
red light when the device is “forward” biased (ITO on the
first piece positive) and green light when it is “reverse”
biased (ITO on the second piece positive).

[0023] It is noted that in the above configuration where
ITO was used as the electrode for both pieces, thin SPAN
layers may be used whereby the device can be substantially
transparent and thus suitable for uses such as in “head up”
displays. This opens the opportunity to fabricate inexpensive
transparent light emitting displays. When device transpar-
ency is not an issue, the second piece can simply be thin
metal sheets, such as aluminum or steel foil, or aluminum or
steel foil coated with SPAN.
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[0024] The role of the SPAN layer in the example device
may be two-fold. First, being an acidic redox polymer, it can
serve as the protonation agent to protonate the PPyVPV
layer producing red light, as in the case of the bipolar/AC
devices reported ecarlier using Al as the top electrode.
Second, being a self-doped conducting polymer, it can serve
as the contacting agent that connects the two pieces together.
In the above device, the presence of the SPAN layers may be
essential. Without the SPAN layer (or other conducting or
semiconducting layer), it may not be possible to fabricate
working two-piece devices where the emitting layer on the
first ITO piece is in direct contact with the second I'TO piece.

[0025] With the assistance of the SPAN or other conduct-
ing or semiconducting layers, a variety of two-piece devices
can be fabricated. The conducting or semiconducting layers
may be used between any of the layers for purposes of
lamination. Considering an example comprising a top sub-
strate, a layer acting as a cathode under the top substrate, a
layer acting as an emitter under the cathode, a layer acting
as an anode under the emitting layer, and a bottom substrate
under the anode layer, a device can be imagined whereby the
two pieces to be laminated are divided between any two
adjacent layers. For example, the layers could be divided
between the emitting layer and the anode layer, or the anode
layer and the bottom substrate. Each of the layers adjacent
to the division could then be coated with a respective
conducting or semiconducting layer to act as a contacting
agent for purposes of lamination. It is also noted that
different conducting or semiconducting polymers may be
used as the top layer of each of the two pieces to be
laminated together.

[0026] Materials and Methods

[0027] Following are other examples of working devices
for which fabrication has been demonstrated through lami-
nation techniques of the present invention:

[0028] Substrate/ITO/PPyVPV/SPAN/SPAN/ITO/Sub-
strate: This device was fabricated similarly with the Sub-
strate/ITO/PPyVPV:PTP/SPAN/SPAN/AITO/Substrate
device except that pure PPyVPV was used as the emitting
layer instead of the blend of PPyVPV and PTP. This is also
a bipolar device. The device emits red light under forward
bias and orange-yellow light under reverse bias.

[0029] Substrate/ITO/PPyVPV,PTP/PEDO  T-PSS/PE-
DOT-PSS/TO/Substrate: This device was fabricated simi-
larly with the Substrate/ITO/PPyVPV: PTP/SPAN/SPAN/
ITO/Substrate device except that contacting materials used
is PEDT-PSS. This is also a color variable bipolar device.
The device emits red light under forward bias and green light
under reverse bias.

[0030] Substrate/ITO/PVK/PPyVPV/SPAN/SPAN/TTO/
Substrate: For the first piece, poly(N-vinyl carbazole) (PVK)
layer was spin-coated at ~3000 rpm from tetrahydrofuran
(THF) or dichloroethane solution (total concentration of ~10
mg/ml) onto pre-cleaned patterned ITO coated glass or
flexible PET substrate. The PPyVPV layer was then coated
on top of the PVK layer from xylenes solution at ~2000 rpm.
The SPAN layer was subsequently spin coated over the
PPyVPV layer from an aqueous solution (20 mg/ml). The
second piece was similarly fabricated as the above example.
This device is a unipolar device that emits green light only
in forward bias.
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[0031] The novel two-piece lamination fabrication tech-
nique of the present invention eliminates the need for
evaporated metal electrodes, allowing quick and easy fab-
rication. Also, the devices can be self-sealed and compatible
with web processing for low cost, large quantity production.
These devices have many potential applications. They can
be used as pressure writing devices that light up when a
pressure is applied and turned off when the pressure is
removed. They can be used as automatic pressure-mapping
devices when the pressure and light output are carefully
calibrated. They also can be used as information “transduc-
ers” through coupling of the light output to a photosensitive
recording medium.

[0032] The preferred embodiments herein disclosed are
not intended to be exhaustive or to unnecessarily limit the
scope of the invention. The preferred embodiments were
chosen and described in order to explain the principles of the
present invention so that others skilled in the art may
practice the invention. Having shown and described pre-
ferred embodiments of the present invention, it will be
within the ability of one of ordinary skill in the art to make
alterations or modifications to the present invention, such as
through the substitution of equivalent materials or structural
arrangements, or through the use of equivalent process steps,
so as to be able to practice the present invention without
departing from its spirit as reflected in the appended claims,
the text and teaching of which are hereby incorporated by
reference herein. It is the intention, therefore, to limit the
invention only as indicated by the scope of the claims and
equivalents thereof.

[0033]

[0034] 1. J. H. Burroughes, D. D. C. Bradley, A. R.
Brown, R. N. Marks, K. Mackay, R. H. Friend, P. L.
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[0035] 2. Y. Z. Wang, D. D. Gebler, D. K. Fu, T. M.
Swager, and A. J. Epstein, Appl. Phys. Lett. 70, 3215
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[0036] 3. Y. Z. Wang, D. D. Gebler, D. K. Fu, T. M.
Swager, and A. J. Epstein, Proc. SPIE 3148, 117
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[0037] 4. Y. Z. Wang, R. G. Sun, D. K. Wang, T. M.
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[0038] The foregoing references are hereby incorporated
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References

What is claimed is:

1. A method for preparing a layered composite capable of
forming a light-emitting device, said method comprising the
steps:

(a) obtaining a first member, said first member comprising
a layer of a first electrode material, and a second
member, said second member comprising a layer of a
second electrode material; and at least one of said first
and second members comprises at least one layer of at
least one light-emitting material capable of functioning
as a light-emitting layer in a light-emitting device; and

(b) laminating said first and second members so as to
produce a laminate having said at least one light-
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emitting material between said first electrode material
and said second electrode material.

2. A method according to claim 1 wherein at least one of
said first and second members additionally comprises a layer
of a polymer selected from the group consisting of conduct-
ing and semi-conducting polymers.

3. Amethod according to claim 2 wherein said polymer is
selected from the group consisting of polyanilines, poly-
thiophenes, polypyrroles, their derivatives, their copolymers
and blends thereof.

4. A method according to claim 1 wherein said first
member and said second member each additionally com-
prise a layer of a polymer selected from the group consisting
of conducting and semi-conducting polymers.

5. Amethod according to claim 4 wherein said polymer is
selected from the group consisting of polyanilines, poly-
thiophenes, polypyrroles, their derivatives, their copolymers
and blends thereof.

6. A method according to claim 1 wherein at least one of
said first and second members additionally comprises an
outer layer of a substrate material.

7. A method according to claim 6 wherein said substrate
material is transparent.

8. A method according to claim 6 wherein said substrate
material is substantially impermeable to either oxygen or
water.

9. A method according to claim 6 wherein said substrate
material is rigid.

10. A method according to claim 6 wherein said substrate
material is flexible.

11. A method according to claim 1 wherein said first
member and said second member each additionally com-
prise an outer layer of a substrate material.

12. A method according to claim 1 wherein said laminate
comprises opposing electrical contact surfaces of said first
and second member, and is conducted such that at least one
area of said laminate is sufficiently incompletely laminated
such that said light-emitting device comprising said laminate
functions only upon application of pressure to said laminate.

13. A method according to claim 1 wherein said laminate
comprises opposing electrical contact surfaces of said first
and second member, said opposing electrical contact sur-
faces maintained in a spaced relationship by a layer of a
spacing material in at least one area of said laminate, such
that said light-emitting device comprising said laminate
functions only upon application of pressure to said laminate.

14. A method according to claim 13, wherein said spacing
material is selected from the group consisting of aerogel
materials and foamed materials.

15. A method according to claim 1, wherein at least one
of said at least one light-emitting layer comprises a light
emitting molecule selected from the group consisting of
tris(8-quinolinolato)aluminum, bis(2-(2-hydroxyphenyl)py-
ridinato)beryllium, anthracene, tris(2-phenylpyridine)iri-
dium doped in a host 4,4'-N,N'-dicarbazol-biphenyl, their
derivatives and blends thereof.

16. A method according to claim 1, wherein at least one
of said at least one light-emitting layer comprises a light
emitting oligomer selected from the group consisting of
oligo(phenylenevinylene)s, sexithiophene, oligo(th-
iophene)s, oligo(pyridine)s, their derivatives and blends
thereof.

17. A method according to claim 1, wherein at least one
of said at least one light-emitting layer comprises a light
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emitting polymer selected from the group consisting of
poly(arylene vinylene)s, poly(phenylene)s, poly(fluorene)s,
poly(vinyl  carbazole), poly(pyridine), poly(pyridyl
vinylene), poly(phenylene vinylene pyridyl vinylene), their
derivatives, their copolymers and blends thereof.

18. The method according to claim 1, wherein said
light-emitting device is a unipolar LED device.

19. The method according to claim 1, wherein said
light-emitting device is a bipolar SCALE device.

20. The method according to claim 1, wherein said
light-emitting device is a bipolar two-color SCALE device.

21. A method for preparing a layered composite capable
of forming a light-emitting device, said method comprising
the steps:

(a) obtaining a first member, said first member comprising
an outer layer of a substrate material, an electrode
material, and a second member, said second member
comprising an outer layer of a substrate material, a
layer of an electrode material; at least one of said first
and said second members comprises at least one layer
of a light-emitting material capable of functioning as a
light-emitting layer in a light-emitting device; and at
least one said inner side of said first member and said
second member comprising a polymer selected from
the group consisting of conducting and semi-conduct-
ing polymers; and

(b) laminating said first and second members so as to
produce a laminate having said at least one light-
emitting material between said first electrode material
and said second electrode material.

22. A method according to claim 21 wherein said first
member and said second member each additionally com-
prise a layer of a polymer selected from the group consisting
of conducting and semi-conducting polymers.

23. Amethod according to claim 21 wherein said polymer
is selected from the group consisting of polyanilines, poly-
thiophenes, polypyrroles, their derivatives, their copolymers
and blends thereof.

24. A method according to claim 21 wherein said first
member and said second member each additionally com-
prise an outer layer of a substrate material.

25. Amethod according to claim 21 wherein said substrate
material is substantially impermeable to either oxygen or
water.

26. A method according to claim 21 wherein said light-
emitting device is a unipolar LED device.

27. A method according to claim 21 wherein said light-
emitting device is a bipolar SCALE device.

28. A method according to claim 21 wherein said light-
emitting device is a bipolar two-color SCALE device.

29. Amethod according to claim 21 wherein said substrate
material of said first member is transparent.

30. A method according to claim 21, wherein said sub-
strate material of said second member is transparent.

31. Amethod according to claim 21 wherein said substrate
material of said first member is rigid.

32. Amethod according to claim 21 wherein said substrate
material of said first member is flexible.

33. Amethod according to claim 21 wherein said substrate
material of said second member is rigid.

34. Amethod according to claim 21 wherein said substrate
material of said second member is flexible.
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35. A method according to claim 21, wherein at least one
of said at least one layer comprises a light emitting molecule
selected from the group consisting of tris(8-quinolinola-
to)aluminum, bis(2-(2-hydroxyphenyl)pyridinato)beryl-
lium, anthracene, tris(2-phenylpyridine)iridium doped in a
host 4,4'-N,N'-dicarbazol-biphenyl, their derivatives and
blends thereof.

36. A method according to claim 21, wherein at least one
of said at least one layer comprises a light emitting oligomer
selected from the group consisting of oligo(phenylenevi-
nylene)s, sexithiophene, oligo(thiophene)s, oligo(py-
ridine)s, their derivatives and blends thereof.

37. A method according to claim 21, wherein at least one
of said at least one layer comprises a light emitting polymer
selected from the group consisting of poly(arylene
vinylene)s, poly(phenylene)s, poly(fluorene)s, poly(vinyl
carbazole),  poly(pyridine), poly(pyridyl vinylene),
poly(phenylene vinylene pyridyl vinylene), their deriva-
tives, their copolymers and blends thereof.

38. A method for preparing a layered composite capable
of forming a light-emitting device, said method comprising
the steps:

(a) obtaining a first member, said first member comprising
an outer layer of a substrate material, and a second
member, said second member comprising an outer
layer of a substrate material; both said first and said
second members comprise at least one layer of a
light-emitting material capable of functioning as a
light-emitting layer in a light-emitting device; said
substrate material of said first and second members
comprises an electrode material substantially imperme-
able to either oxygen or water; and said inner side of
said first member and said second member comprises a
polymer selected from the group consisting of polya-
nilines, polythiophenes, polypyrroles, their derivatives,
their copolymers and blends thereof; and

(b) laminating said first and second members so as to
produce a laminate having said at least one light-
emitting material between said first electrode material
and said second electrode material.
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39. A method according to claim 38, wherein said sub-
strate of said first member is transparent.

40. A method according to claim 38, wherein said sub-
strate of said second member is transparent.

41. A method according to claim 38, wherein said light-
emitting device is a unipolar LED.

42. A method according to claim 38, wherein said light-
emitting device is a bipolar SCALE device.

43. A method according to claim 38, wherein said light-
emitting device is a bipolar two-color SCALE device.

44. A method according to claim 38, wherein said sub-
strate of said first member is rigid.

45. A method according to claim 38, wherein said sub-
strate of said first member is flexible.

46. A method according to claim 38, wherein said sub-
strate of said second member is rigid.

47. A method according to claim 38, wherein said sub-
strate of said second member is flexible.

48. A method according to claim 38, wherein at least one
of said at least one layer comprises a light emitting molecule
selected from the group consisting of tris(8-quinolinola-
to)aluminum, bis(2-(2-hydroxyphenyl)pyridinato)beryl-
lium, anthracene, tris(2-phenylpyridine)iridium doped in a
host 4,4'-N,N'-dicarbazol-biphenyl, their derivatives and
blends thereof.

49. A method according to claim 38, wherein at least one
of said at least one layer comprises a light emitting oligomer
selected from the group consisting of oligo(phenylenevi-
nylene)s, sexithiophene, oligo(thiophene)s, oligo(py-
ridine)s, their derivatives and blends thereof.

50. A method according to claim 38, wherein at least one
of said at least one layer comprises a light emitting polymer
selected from the group consisting of poly(arylene
vinylene)s, poly(phenylene)s, poly(fluorene)s, poly(vinyl
carbazole), poly(pyridine), poly(pyridyl vinylene),
poly(phenylene vinylene pyridyl vinylene), their deriva-
tives, their copolymers and blends thereof.
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