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ELECTROLUMINESCENT DEVICE AND METHOD OF 
MANUFACTURING SAME 

FIELD AND BACKGROUND OF THE INVENTION 

s The present invention relates. to an electroluminescent device and further 

to a method of manufact\Jring same. More particularly, the present invention 

relates to an electroluminescent device in which the light-emitting substance is a 

semiconductor. Most particularly, the present invention relates to a storable 

information display screep for use with an electronic information processi~g 

10 device, in which the light-emitting substance is a light emitting polymer (LEP). 

Electroluminescent devices are structures which emit light when subject to 

an applied electric field. . The usual model for the physical process in. a 

semiconductor used in this way is through the radiative combination of electron .. 

hole pairs which are injected into the semiconductor from opposite electrodes. 

15 Common examples arc light-emitting-diodes based on GaP and similar 111-

V semiconductors. 

Although these devices are efficient and are widely used, they are limited 

in size, and are not easily or economically used in large area displays. 

Alternative materials which can be prepared over large areas are known, 

20 and among these are the inorganic semiconductors. Most effort has been.directed 

toZnS. 

However, the ZnS system has considerable practical drawbacks, primarily 

poor reliability. The mechanism in ZnS is believed to be one where acceleration 

of one type of carrier through the semiconductor under . a strong electric field 

25 causes local excitation of. the semiconductor which relaxes through radiative 

emission. 

Among organic materials, simple aromatic molecules such as anthracen'.~, 
perylene and coronene are known to show electroluminescence. 

Nevertheless, the practical difficulty with these materials is, as with ZnS, 

30 their poor reliability, together with difficulties in deposition of the organic layers 

and the current-injecting electrode layers. 

Techniques such as sublimation of the organic material suffer from the 

disadvantage that the resultant layer is soft, prone to recrystalization, and unable 

to support high temperature deposition of top-contact layers. 

35 Techniques such as Langmuir-Blodgett film deposition of suitably-

modified arotnatics suffer from poor film quality, dilution of the active material, 

and high cost of fabrication. 

An electroluminescent device utilizing anthracene is disclosed ill U.S. Pat. 

No. 3,621,321. This device suffers from _high power consumption and low 
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luminescence. In an attempt .io ·provide an improved device, U.S. Pat. No. 

4,672,265 describes an electroluminescent device having a double layer structure 

as its luminescent layer. Howe~er, the suggested materials for the double layer 

structure are organic l'll;aterials which suffer from the disadvantages mentioned 

s above. 

Light emitting polymers (LBPs) are expected to revolutionize the monitor 

and computer display, since LBP based display tnay be manufactured very thin 
and collapsible, e.g., roll~ble or foldable. · · 

U.S. Pat. No.·5~399,502, which is incorporated by reference as if fully set 

10 forth herein discloses an electroluminescent device which includes (i) a 

semiconductor layer in a form of a· tb.fu dense polymer fi,lm comprising at least 

one conjugated polymer, (ii) a fir&t contact layer in contact with a first surface of 

the semiconductor layer; an,d (iii) a second·contact layer in contact with a second 

surface of the semiconductor layer. 

1s The polymer film of the semiconductor layer has a sufficiently low 

concentration of extrinsic charge carriers, so that 'on applying an electric field 

between the first and second contact layers across' the semiconductor layer, so as 

to render the second contact layer positive relative to the first contact layer, 
.· : \, . 

charge carriers ate injected into the semiconductor layer and radiation is emitted 
20 from the semiconductor layer. 

U.S. Pat. No. 5,399,502 further discloses a method of manufacturing the 

above described electr()luminescent device which includes steps of depositing a 

thin layer of a precursor pol)rmer onto a substrate and then heating the precursor 

polymer to a high teinperature to form the conjugated polymer. 
25 The invention disclosed in U.S. Pat. No. 5,399,502 is ba8ed on the 

discovery that semiconductive conjugated polymers can be caused to exlnoit 

.electroluminescence by the injection of charge carriers from suitable contact 

layers. 

However, the electroluminescent device described in U.S. Pat No. 

30 5,399,502 suffers several limitations. · 

First, being a 18minate, the device is expected to be limited in the degree 

allowed collapsibility,•since under high collapse strain, the layers of the laminate 

are expected to either break or become separated,· in either case, functionality will 

be severely and irreversibly hmiipered. 

35 Second, the device requires ·a· thick non-luminescent base substrate for 

LI 

mechanical support. 
Third, being a laminate, the device is inherently manufactured using e.g., 

lithography or other complicated proced~s, which are, in most cases, to be 
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conducted under spec~~ ,~nditions, such as, but not 1im!sed ~o, vacuum, and are 
therefore cumbersom~ and cost and effort demanding:···' Furthermore, the use of 

lithography limits the maximal size of devices obtainable. 

There is thus a widely recognized need for, and it would be highly 

s advantageous to have, an electroluminescent device devoid of the above inherent 

limitations. 

SUMMARY OF THE INVENTION 

According to the present invention there is provided an electroluminescent 

10 device and a method of manufacturing same. 

According to further features in preferred embodiments of the invention 

described below, there is provided an electroluminescent device comprising a 

close arrangement including a first set of fibers and a second set of fibers being 
arranged to form a two dimensional close array of junctions between fibers of the 

15 first set of fibers and fibers of the second set of fibers, wherein each of the fibers 

includes a longitudinal conductive element, whereas fibers of at least one of the 

first and second sets of fibers :further include a longitudinal coat of at least one 

light emitting substance being in intimate contact with the conductive element, 

the at least one light emitting substance is selected such that on applying an 

20 electric field between crossing conductive elements, radiation is emitted from the 
light emitting substance. 

The electric field applied may be of a constant direction or alternatively of 

an alternating direction, depending on the luminescent material employed. 

According to further features in preferred. embodiments of the invention 

25 described below, there is provided a storable information display screen for use 

with an electronic information processing device compnsmg an 

electroluminescent device as described above. 
According to further features in preferred embodiments of the invention 

described below, there is provided a method of manufacturing an 

30 electroluminescent device comprising the steps of (a) providing first set of fibers . 

and a second set of fibers, each of the fibers including a longitudinal conductive · 

element, whereas fibers of at least one of the first and second sets of fibers further 

include a coat of at least one light emitting substance being in intimate contact 
with the cQnductive element; and (b) arranging the fibers of the· first and second 

35 sets of fibers to fonn a two dimensional close array of junctions therebetween, 

the at least one light emitting substance being. selected such that on applying an 
electric field between crossing conductive elements, so as to render one of the 
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cros~ing conductive elements positive relative to ~e other, radiation is emitted 
from the light emitting ~bstance. . 

According to still further features in the described prefeITed embodiments 
the ·light emitting substance is a seini~ductive polYm.er has a sufficiently low 

5 concentration' of extrinsic charge ~ers, ·.such that' when charge carriers are 

injected into the semiconductor coat from the conductive elements, radiation is 

emitted from the polymer. . . . . 
. According to stjll furl'l!er features in the described preferred embodiments 

the longitudinal condu~ve ~lement is a core and the lo1l~tudinal coat of at least 
lo one light emitting substance ooating the core. 

According to still further features· iil th~ described preferred embodiments 
fibers of both the first a:ll<i' second sets of fibers. include the conductive element 
~d the coat of the light emitting substance . 

.According to still further· features. in the described preferred embodiments 
15 the at least one light emitting polymer is poly ·"(p-pbenylenevinylene) or a 

derivative thereof. 
According to still fUrther featu'res in the described preferred embodiments 

fibers including the coat. of light·. emitting substance ate about I 0 micrometer to 
,. ' : ,. . 

about 2 centimeters in width. · · · · 
. . ~ 

20 According to still further features in the described preferred embodiments 
the conductive element includes a substance selected from the group consisting of 
metal, metal oxide, alloy, a conductive pol1mer and combinations thereof. 

According to Still further 'features in the describ~d preferred embodiments 
the substance is 'selected from the . group. consistllig. of aluminum, aluminum 

25 oxide, gold, magnesfuril/silver alloy, uidimn oxide and c0mbinations thereof. 
According to still further features iri the· desCribed preferred embodiments 

the conductive element of each of the fibers in~ludiitg the coat of light emitting 
substance is about 50~99 % of the total thickness of the fibers. 

According to still :further features in the.describ~ preferred embodiments 
30 the fibers of the first set of fibers and the fiben of the second set of fibers are 

arranged substantially perpendicularly to one another; 
According to still further features in the descnoed preferred embodiments 

the fiberS of the first set of fibers and ihe fibers of the second set of fibers are 
interlocked in a woven mifugement 

35 . Acco-rding to still further features in the descn'bed preferred embodiments 
the device :further comprising an implement for applying the electric field 
between crossing conductive elements. 

" 
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The present i~yention successfully addres~es.;\;\~,e shortcomings of the 

presently known configurations by providing a fibers" based electroluminescent 

device which is highly collapsible and simple to manufacture. 

s BRIEF DESCRIPTION OF THE DRAWINGS 

The invention herein described, by way of example only, with reference to 

the accompanying drawings, wherein: 

FIGs. 1 and 2 are perspective .views of an electroluminescent device 

according to the present invention; 

10 FIGs. 3 and 4 are cross sectional views of fibers according to the present 

invention having a conductive core and a semiconductor coat, or a conductive 

(naked) core, respectively. 

FIGs 5 and 6 are cross sectional views of junctions formed between 

crossing fibers according to the present invention; and 

ts FIG. 7 is a formula drawing showing_a reaction scheme for applying a 

conjugated polymer to a conductive element according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is of an electroluminescent device which can be 

20 used to provide a storable information display screen for use with an electronic. 

information processing device. Specifically, the present invention can be used to 

provide electroluminescent devices in which the light-emitting substance is a 

semiconductor. Most specifically, the present invention can be used to provide 

fibrous, non-laminate electroluminescent devices of high collapsibility. 

25 · ·The principles and operation of an electroluminescent device according to 

the present invention may be better understood with reference to the drawings 

and accompanying descriptions~ 

Before eXplaining at least one embodiment of the invention in detail, it is 

to be understood that the invention is not limited in its application to the details of 

30 construction and the arrangement of the components set forth in the following. 

description or illustrated in the drawings. The invention is capable of other 

embodiments or of being practiced or carried out in various ways. Also, it is to 

be understood that the phraseology and tenninology employed herein is for the 

purpose of description and should not be regarded as limiting. 

35 Referring now to Figures 1-6, the present invention provides in one aspect 

an electroluminescent device 20. 

Device 20 includes a close arrangement of fibers which includes a first set 

of fibers 22 and a second set of fibers 24. As best seen in Figures 1 and 2, fibers 
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22 am;l 24 are arranged to form a two dimensional close array of junctions 26 
therebetween, such that each of .fibers 22 crosses ollly once a given fiber 24, and 

vice versa. Each of fibers 22 and 24 includes a longitudinal conductive element, 

typically a core 28. Fibers of at least one of the fi~t and second sets of fibers, 

5 i.e., fibers 22 and/or 2:4, further include a longitu~al coat of light emitting 

substance, typically· a. semiconductive .-coat 30 .of at· least one light emitting 

conjugated polymer coating and being ·in intimate . contact with conductive 

element28. 

The light emitting. conjugated polymer(s) has . a sufficiently low 

10 concentration· of ex~ic c:harge carriers; so that on ·applying an electric field 

between crossing conductive cores 28, so as; for example, to render one of the 

crossing conductive. cores positive relative . to the· other,· charge carriers are 
injected into semiconductor coat 30 and radiation js emitted from semiconductor 

coat30. 
is As best seen in Figures 5-6, junctions 26 are characterized in that they 

include two electrodes and a light emitting subs~ce in contact therebetween. 

It will be apprecia~ that the arrangements shown in Figures 1-2 are 
deliberately loose ·to' .. demonsttate , more clearly the·. concept of the p~esent 

invention .. 

20 The close· arrangement of fibers 22 and 24 is selected such .that junctions 

· · 26 ·are close ·enough to one another,. so that by contro~ling the luminesitivity of 

·specific junctions ·26.by electric fields providecl via dement 28, an image of 

adequate resolution can be perceived by a viewer. 

The resolution proVided by junctions 26, depends to a great extent on the 

2s specific application~ ·For example, a junction every 30-100 micrometers is 

adequate for tine ·. resolution. in computer ·or television screen applications, 

howev.er, for larger screens, e.g., street commercial boiu'ds, cinema screens, etc., 

which are vie\ved :from farther away, a lower resolution of, say, a junction every 

few millimeterS or few centimeters, is adequate. 

30 In any case, preferably most of the area of the close arrangement of fibers 

22 and 24, say above, 80 %, preferably above 90 % . or more, is covered with 

junctions 16. This implies that for some .applications, such as computer and 

television screen applications, the width of the fibers· is selected small, e.g., 10-

100 micrometers, preferably about · 50 micrometers, whereas for other 

JS applications which emptoy larger screens, the width of the fibers is selected 

larger, e.g., 100 micrometers to 2 centimeters. 

" 

Whereas small width fibers are either flat or round, large width fibers are 

preferably flat fi~ers; e.g., strap like fibers. In ~e later case, each fiber may 
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includes a first layer q£,a longitudinal conductive elc;m.~~t, and also a second 
~· ·0~ 

layer or layers of the light emitting. substance. In any case the longitudinal 

conductive element is preferably transparent in the visible range. 

Core 28 may be formed of an inner core covered with a conductive 

s substance, to for core 28. Inner core may be selected a dielectric which provides 

support to the conductive substance. 

As specifically shown in Figures 1-2, according to a preferred embodiment 

of the present invention fibers 22 of the first set of fibers and fibers 24 of the 

second set of fibers are arranged substantially perpendicularly to one another. As 

10 shown in Figure 1, fibers 22 and 24 are preferably interlocked into a woven 

arrangement, which diminishes the need for a non-luminescent base support. 

Furthermore, this arrangement diminishes the need for lithography, since 

electrodes formation is inherent. 

As shown in Figure 2, according to a preferred embodiment device 20 

ts further includes an implement 40 for applying the required electric field between 

crossing conductive cores 28. One ordinarily skilled in the art would know how 

to design and control implement 40 to enable the presentation of images by 

device 20. 

In the device of the present invention, fibers of both sets of fibers 22 

20 and/or 24 preferably include both conductive element 28 and at least one light 

emitting substance 30. 

The light emitting substance is preferably a conjugated polymer 30 such as 

poly (p-phenylenevinylene), whereas conductive element 28 is preferably made 

of a conductive substance, such as, but not limited to, a metal, metal oxide, alloy, 

2s a conductive polymer (e.g., doped semiconductor) or combinations thereof. 

For example, the substance from which conductive element 28 is made 

can be aluminum, aluminum oxide, gold, magnesium/silver alloy, indium oxide 

or combinations thereof: 
Preferably light emitting . polymer coat 30 is applied in substantially 

30 uniform thickness, and has a semiconductor band gap in the range 1 eV to 3 .5 e V. 

Furthermore the proportion of the conjugated polymer in the 

electroluminescent areas of the conjugated polymer coat is sufficient to achieve 

the percolation threshold for charge transport in the conjugated polymer present 

in the coat 

35 Preferably, conductive element 28 of each of the fibers. 22 and/or 24 forms 

about 50-99 % of the total thickness ~f the fibers. However, as for example 

shown in Figures 4-5, should fibers 22 or 24 are selected to include only a naked 
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core, then their conductive (naked) core 28 diameter may be selected similar to 
that of the conjugated polymer coated fibers (Figure 3). 

As specifically sho\vn in Figlire 2, device 20 preferably further includes a 
reflective back layer so,· which serves to reflect light emitted away from a viewer 

s in the viewer's dfrectl~n. · Layer SO may be -a reflectiye metal which may be 
applied in any suitable manner, including, but not limited; coating, spraying, etc., 
to the back of the fiber$ arrangement. 

If further structural stability is required, device 2,0 may further include a 
supporting layer 52 whlch may be depo~teci on the back or front side thereQf. . If 

Io deposited in the fro~t,; suJ)porting layer 52 is selected .transparentin the visible 
rallge of the · spectnun~ Layer · 52 · can ·be made of any suitably transparent 
polymer. 

_ A second aspect. of the present invention provides a method of 
manufacture of an eJCct:roluminescent device which incl~des the ~ollowing steps: 

15 First, a first set of fibers and· a secand set of fibbrs are provided, each of 
the· fibers including a fongitudihal c0ndlictive· efoment formed as a core or layer, 
whereas fibers of at l~t one of the first and second .sets. of fibers further include 
a longitudinal coat ·of at least ··one light emitting substance, preferably 
semiconductor, light ~tting, conjugated- polymer ..... ·Coated fibers may be 

20 prepared, for example, drawing followed by dipping or $praying technology. 
Second, fibers of the first and second sets of fib~ are arranged to fonn a 

two djmensional clos~, 'array of junctions therebetwe~ e.g., crossing or woven 
arrangement.· It will be· appreciated that weaving fibers into a woven arrangement 
is a well known and simple technology used in fabric m~ufacturing •. 

2s According to . the methoo of the present invention, the light emitting 
~onjugated substance is selected· to have a sufficiently low concentration of 
extrinsic charge carriCf$, so that on applying an electric ~eld between crossing 
conductive cores, so as to render one of the crossing· conductive cores positive 
relative to the other, charge carriers are injected into the semiconductor coat and 

30 radiation is emitted from the semiconductor coal 

. In an alternative method a woven ·arrangement of conductive fibers, each 
being coated with .a dielectric coat~ is prepared and the woven arnngement is 
embedded in a lunrl.nescent substance. In this case the selected substance 
luminescence when an electrical field is fonned between electrodes of conductive 

35 junctions. An exatnple for such a substance is phosphor mixed with epoxy resin. 

" 

The terin "conjugated. polymer" as used herein in the specification and in 
·the claims section· below refers to a polymer which prissesses a delocaliz.ed 7t-

.. . 

electron system along the polymer backbone, the delocalized 7t-electron system 
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confers semiconductinlf'pioperties to the polymei: aft,(hgives it the ability to 

support positive and negative charge carriers with high mobilities along ·,the 

polymer chain. Such 'polymers are discussed, for example, by R. H. Friend in 

Journal of Molecular Electronics 4 (1988) January-March, No. 1, pages 37 to 46. 

s It is believed that the mechanism underlying the present invention is such 

that the positive core or layer injects positive charge carriers into the polymer 

coat(s) and the negative core or layer injects negative charge carriers into the 

polymer coat(s), these charge carriers combining to form charge carrier pairs 

which decay radiatively. 

10 To achieve this, preferably the positive core or layer is selected to have a 

high work function and the negative core or layer to have a low work function 
(this is feasible in the Example of Figure 2). 

Hence the negative core or layer comprises an electron-injecting material, 

for example a metal or a doped semiconductor that, when placed in contact with 

ls the polymer semiconductor coat(s) present in a junction of fibers and made 

negative with respect to the polymer semiconductor coat(s) through application 

of an external potential across the circuit, allows the injection of electrons into 

the polymer semiconductor coat(s). 

The positive core or layer comprises a hole-injecting material, for example 

20 a metal or a d.Oped· semiconductor that, when placed in contact with the polymer 

semiconductor coat and made positive with respect to the polymer semiconductor 

through application of an external potential across the circuit, allows the injection 

of positive charges, commonly termed "holes'\ into the polymer semiconductor 

coat( s) in a junction. 

2s In order to produce the desired electroluminescence, the polymer coats 

must be substantially free of defects which act as non-iadiative recombination 

centers, since such defects prevent electroluminescence. 

Some or all of the conductive cores or layers can include, in addition to the 

charge injecting material, a :further material, preferably an organic material, 

30 which serves to control the injection ratio of electrons and holes into the polymer. 

coats and to ensure that radiative decay takes place away from the charge 

injecting material of the cores or layers. 

The coat of conjugated polymer preferably comprises a single conjugated 

polymer or a single co-polymer which contains segments of conjugated polymer. 

35 Alternatively, the coat of conjugated polymer may include a blend of a 

conjugated polymer or copolymer with another suitable polymer. 

Further preferred features of the polymer coat are that (i) the polymer 

should be stable to oxygen, moisture, and to exposure to elevated temperatures; 
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(ii) the polymer coat. should hav~ good adhesion tQ tJie . core or . layer, good 

resistance to thermaliy.:.mduced and stress-induced cra~king, and good resistance 

to shrinkage, swelling, recrystalization or other morphol()gical changes; and (iii) 

the polymer coat should be resilient to ion/atomic migration processes, e.g. by 

virtue of a high crystalinity and.high melting temperature;,. 
The coat of ·conjugated . polymer is prefe~bly a film of a poly(p­

phenylenevinylene) of fonnula 

wherein the phenylene ring may optionally carry one or more substituents each 

independently seleeted. · from .. alkyl. (preferably methyl), alkoxy. (preferably 

methoxy orethoxy), halOgen (preferably chlorip.e or bromine), or nitro. 

Other conjugated• polymers derived from poly(Iryphenylenevinylene) are 

also suitable for use as the polymer film in the electroluminescent devices of the 

present invention; 
Typical examples of such derivatives are polymers derived by: 

'" '" 
(i) replacing the phenylene ring in formula. (I) with a fused ring 

system, ·e.g. replacing the phenylene ring with an anthracene or 
. naphthalene ring system to give stru.~tures such as, but.not limited 

to: 
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· Th~s~ alternative ring systems _ma}\also carry one or more 

substituents of the type described above in relation to the phenylene 

ring. 

(ii) replacing the phenylene ring with a heterocyclic ring system such as 

s a furan ring to give structures such as, but not limited to: 

10 

·As before, the furan ring may carry one or more substituents 

of the type described above in relation to phenylene rings. 

(iii) increasing the number of vinylene moieties associated With each 

1s phenylene ring (or each of the other alternative ring systems 

described above in {i) and (ii)) to give structures such as, but not 

limited to: 

20 

2S 

30 wherein y represents 2, 3, 4, 5, 6, 7 ..• 

Once again, the ring systems may cany the various 

substituents descn'bed above. 

These various different poly (p-phenylenevinylene) derivatives possess 

different semiconductor energy gaps. This, in tum, should permit the 

35 construction of electroluminescent devices which have emission at different 

wavelengths covering the entire visible part of the spectrum. 

The coat of conjugated polymer may be prepared by means of a chemical 

and/or thermal . treatment . of a . ~olution--processible or melt-processible 
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"precursor" .polymer. The Ia:tter can be purified or pre"."processed into the desired 

form before subsequent transformation to· the ·conjugated polymer via an 

elimination reaction. 

Coats of the various derivatives· of poiy (p~phenylenevinylene) described 

5 above can be applied onto a conducting core or layer 'i1i-similarmanner by using 
an appropriate sulphonium precursor. In certain .cjrcumstances it may be 
advantageous to use polymer precursors which have a htgher solubility in organic 

~olvents than the sulphonium salt precursors (II). · . . 

Enhanced solubility in organic solvents can be achieved by replacing the 
10 sulphonium moiety in the precursor by a less hydrophilic group such as, but not 

limited to, an alkoxy group (usually methoxy), or a pyri<llnium group. 

Typically, a coat of poly(phenylinevinylene). is applied onto a conducting 

core or layer by a method which relies on a reaction scheme such as is illustrated 

in Figure 7. 

15 The su1phonium salt monomer (II) is converted into a precursor polymer 

(III) in aqueous solution or .in a solution of methanol/w~ter,· or methanol. Such a 

solution of the pre-polymer (III) can be applied onto a .conducting core or layer 
by means of standard coating techniques such as, but not limited to, dipping and 

spraying. 

20 The resultant fiber of precursor-polymer Ill can then be converted into 

poly(phenylene vinylene) (I) by heating to . temperatures typically in the range 

· 200 °C to 350 °C. Details of the conditjons necessary for the chemical synthesis 

of the monomer (II),. its p6lymerization to the preeursor (ID) and its· thermal 
conversion to poly (p-pbenylenevinylene) are described in the literature, for 

2s example in D. D. C~ Bradley, J. Phys. D (Applied Physics) 20, 1389 (1987); and 

J. D. Stenger Smith, R. W. Lenz and G. Wegner, Polym¢r 30, 1048 (1989). 

With poly(phenylene:vinylene) coats of thicknesses in the range of 10 

nanometers to 10 micrometers can ·be obtained. These poly (p­

phenylenevinylene) coats are found to have very few pin holes. The poly (p-
30 phenylenevinylene) coat has a semiconductor energy gap of.about 2.5 eV (500 

nanometers), it is robUst~ shows little reaction with oxygen at room temperature, 

and is stable out ofm at temperatures well in excess of300 °C. 

Enhanced ordering .·in the conjugated matCrlal ·may be achieved by 

modifying the leaVing group of the precursor polymer to ensure that the 

35 elimination proceeds·· smoothly via · a simple reaction with.out generation of 
additional intermediate structures. 

II 

' . . 

Thus, for example, the normal dialkyl· sulphonium moiety can be replaced 

with a tetrabydrothiopbenium moiety. The latter· eliminates as a . singl~ leaving 
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group without decom:pasition, as is seen for dialkY\1¥.~ulfide, into an alkyl 
. ·L 

mercaptan. 

In the examples described here, the precursor polymers used include both 

that with the dialkyl sulphonium moiety chosen as dimethyl sulfide and as 

s tetratryebrothiophene. 

Both precursors produce coats of poly (p-phenylenevinylene) suitable for 

use in the device structures described herein. 

A further material which may be suitable for forming the coat of 

conjugated polymer is poly(phenylene). This material may be prepared by 

10 starting from biologically synthesized derivatives of 5,6-dihydroxycyclohexa-1,3-

dienes. These derivatives can be polymerized by use of radical initiators into a 

polymer precursor that is soluble in simple organic solvents. This preparation_ of 

poly(phenylene) is more fully described in Ballard et al., J. Chem. Soc. Chem. 

Comm. 954 (1983). 

15 A solution of the polymer precursor can be coated onto a conducting core 

or· layer and then be converted to the conjugated poly(phenylene) polymer by a 

heat treatment,· typically in the range 140 °C. to 240 °C. Copolymerization with 

vinyl or diene monomers can also be performed so as to obtain phenylene 

copolymers. 

20 A :further category of materials which can be used to ·form the required 

coats of conjugated polymer is a conjugated polymer which is itself either 

solution processible or melt processible . by virtue of the presence of bulky 

pendant· side groups attached to the main conjugated chain or by virtue of the 

inclusion of the conjugated polymer into a copolymer structure of which one or 

25 more components are non-conjugated. 

Examples of the former include, but are not limited to: 

(a) Poly(4,4'-diphenylenediphenylvinylene) which is an arylene 

·vinylene polymer in which both vinylene_ carbons are substituted by 

phenyl rings. It is soluble in common organic solvents thus 

30 enabling the preparation of thin films. 

(b) Poly(l,4-phenylene-1-phenylvinylene) and poly(l,4-

phenylenediphenylvinylene) polymers which are analogs of poly 

(p-phenylenevinylene) in which respectively one and both vinylene 

carbons are substituted with phenyl groups. They are both soluble 

35 in organic solvents. . 

(c) Poly(3-alkylthiophene) polymers (alkyl is one of propyl, butyl, 

pentyl, hexyl, heptyl, octyl, decyl, undecyl, dodecyl, etc.) which are 

solution processible in common organic solvents and which for 
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longer alkyl sequenc~s (alkyl greater than or equal to octyl) are also 
melt processible. 

(d) Poly(3-alkylpytrole) polymers which are expected to be similar to 
the poly(3-alkylthiophene) polymers. · · 

s (e) Poly(2,5-dialkoxy-p-phenylenevinylene) polymers with alkyl 
. greater than butyl are solution processible. 

10 

15 

20 

25 

30 

35 

II 

(f) Poly(phenylacetylene) which is• a derivative of polyacetylene in 
which the hydrogen atOms along the chain 8!C replaced by phenyl 
groups. · This substitution renders the material soluble. 

In some circumstances it may also be appropriate to form polymer blends 
of the conjugated polymer with other polymers so<as to obtain the required 
processibility· of the polymer and. thereby· facilitate forming of the required thin. 
uniform coat of the p0lymer on the conducting core or layer .. 

When such copo1ymers or polymer blends are used to· form the coat of 
conjugated polymer; the active regions. of the electroluminescent device, i.e., the 

·.junctions fotmed bet\veen the crossing fibers, must contain. a volume fraction of 
conjugated polymer which is greater than or equal to the percolation threshold of 
·the copolymer or polymer· blend. 

~ 

The semiconductor electroluminescent coat may be formed as a composite 
coat with layers of ·polymers with ·different. band.· gaps and/or majority charge 

· species so that, for example; concentration of the injeeted charge, :from the charge 
injecting core or . layer, within a · · particular region· · Gunction) of . the 
electroluminescent ·device may be achieved.: Composite-coats may be fabricated, 
for example, by successive deposition of polymer layers. In the case where coats 
are deposited in the form of the precursor by dipping, the conversion process to 
the conjugated polymer tenders the coat insoluble, so that subsequent layers may 
be similarly applied Without dissolution of the previously deposited coat layer. 

Additional materials suitable for the electroluminescent coat are described 
in, for example, U.S. Pat. No. 5,485,355, which is incorporated by reference as if 
fully set forth herein. 

Reference is now made to the following examples, which together with the 
above· descriptions, illustrate the invention in a non limiting fashion. 

EXAMPLES·· 
·A charge injecting. alluminum fibrous core is prepared ·by drawing having 

a diameter of between 30' and SO micrometers. The aluminum charge iajecting 
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core is then exposed t~·rfhe air to allow formation of ~{'~in· surface oxide layer 

thereon. This layer forms an electron injecting core. 

A solution of.the precursor to poly (p-phenylenevinylene), in methanol, 

having a concentration in the range of one gram polymer to 10 to 25 milliliters of 

s methanol, is coated onto the combination core substrate described above. This 

is achieved, for example, by dipping the core in the poly (p-phenylenevinylene) 

solution~ 

The resultant core and precursor polymer coat are then heated in a vacuum 

oven at a temperature of300 °C for 12 hours. 

10 This heat treatment converts the precursor polymer to poly (p-

phenylenevinylene), and the. resultant poly (p-phenylenevinylene) fiber has a 

thickness in the range of 100 to 300 nanometers. The minimum requirements for 

the coat thickness is set by the coat's conductance and a lower limit is in the 

region of 20 nanometers. However, the preferred range of thickness is 20 

1s nanometers to 1 micron or more. 

As learned from U.S. Pat. No. 5,399,502, for a device with a thickness of 

the poly (p-phenylenevinylene) coat of about 200 nm within the junctions (i.e., 

between the electrodes), the threshold voltage for charge injection and the 

·appearance of strong electroluminescence is expected to be about 40 volts. The 

20 voltage is expected to give a threshold electric field of 2· 106 V cm.-1. At a current 

density of 2 mAJcm.2 the light emission through the semitransparent electrodes is 

expected to be visible by eye under normal lighting conditions. The output of the 

device are expected to show only weak dependence on frequencies up to 100 

kHz. Thus, the response time of the electroluminescent device is expected to be 

25 very short, fas~than 10 microseconds. 

Other materials which are suitable for use as an electron-injectfug core 

because they have a low work function relative to the electroluminescence coat 

are: alkali and alkaline-earth metals either pure or alloyed with other metals such 

as Ag. Also "n-type doped" conjugated polymers may be interposed between the 

30 core and the electroluminescent polymer coat to form the electron-injecting core. 

Other materials which are suitable for use as a hole-injecting contact layer 

because they have a high work function relative to the electroluminescence coat 

are: indium/tin oxides (which. are advantageous because they are transparent in 

the visible part of the spectrum), platinum, nickel, palladium and graphite. Also 

35 layers of "p-type doped" conjugated polymers, such as electrochemically 

polymerized polypyrrole or polythiophene may be interposed between the coat 

and the core to form the hole-injecting coat. 
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There are actually no limits to the size of the electroluminescent device 
produced since fibers of any length may be employed as desired. It is therefore 
feasible that electrolumi~escent devices using conjugated polymei:s with areas of 
square meters may be.constructed; 

s The electroluminescent device according to the· present invention may be 
used in a variety of ways where electroluminescence is ·of use. It may be used 
where traditionally ti<luid ccystals have been used, the electroluminescent device 
havllig many properties which make it a desirable alternative t~ liquid crystals. 

Since the electroluminescent' device' is· light-emifting in contrast to liquid 
10 crystal 4isplays, the viewing angle is wide. Furthermore, large area 

electroluminescent devices can be achieved where problems associated with 
substrate flatness and spacing have been encountered with . large area liquid 
. CI')'Stal displays. The electroluminescent device according to the present 
invention ·is articularly Suitable for ··matrix-addressed'·. displays, for example, 

15 televisions and computer displays. The matrix-addressing of individual 
eleCtroluminescent unit called pi~Cls of the display is achieved by the selection of 
the fibers arrangement to fonn junction8 there amongst as ·described herein. 
Since the electroltlminescent device has such a high speed of reseonse then the 
electroluminescent d~vice is suitable for use< as a teleVision screen, particularly 

20 since the color of the• emitted light· may be 'controlled through the. choice of the 
conjugated polymer and so its. semiconductor band· g4p and so color displays 
using green, red and bltie pixels,' suitable for color mixing, are possible through 
the location of different fibers in the electrolumine8cent device, or preferably 
through the integration'. of three deviCes as described into a single arrangement, 

25 each of the integrated devices is dedicated to emit in ·one· of the red, green_ and 

blue colors. 
Electroluminescent devices may also be used as individual shaped 

elements for indicators in vehicle daShboards, and on cookers or video recorders, 
for example. Each element can be produced in the required shape for the 

30 intended application. Furthermore the electroluminescent device need not be. flat 
and could, for example, be formed after fabrication, to follow contours in three 
dimensions for example ·the contours ·of a wiitdscreen ·in a vehicle or aircraft. 
This is easily applieab]e since the fibei:s arrangement of the device is highly 
flexible in nature. · Furthennore, highly collapsible such as rollable or foldable 

35 screens may easily be provided using the technology herein disclosed~ 

ti 

Although the invention has been described in conjunction with specific 
embodiments thereof, it is evident that many alternatives, modifications anq 
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variations will be app~ent to those skilled in the art. ·':f\,~orclingly, it is intended 

to embrace all such alternatives, modifications and variations that fall within the 

spirit and broad scope of the appended claims. 
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wHAT IS CLAIMEDIS: 

1. An el~ctroluminescent device comptis~ng . a close arrangement 

including a first set of fibers and a second set of fibers being ammged to fonn a 

close two dimensional array of junctions between fibers of said firSt set of fibers 
and fibers of said second set of fibers, . wherein ~h of said fibers includes a 

longitudinal conductive element, whereas fibers of at least one of said first and 

second sets . of fibers further include a longitudinal coat of at_ least one light 

emitting substance b.eing in intimate contact with said conductive element, said at 

least one light emi~ng substance is selected such ~at on applying an electric 

field between crossing• conductive elements, radiation• is emitted from said light 

emitting substance. 

2. The device of claim 1, wherein said light emitting substance is a 

semiconductive polymer has a sufficiently low con~tration of extrinsic charge 
carriers, such that when charge carriers are injected into said semiconductor coat 

from said conductive e~ements, radiation is emitted from said polymer. 

. . 
3. The device of claim 1, -w:herein said longitudinal conductive 

element is a core and said longitudinal coat of at least one light emitting 

substance coating saj.d core. 

4. The device of claim 1, wherein fibers of"both said first and second 

sets of fibers include said conductive element and said coat of said light emitting 

substance. 

s: The device ·of claim 2, wherein said at least one light emitting 

polymer is poly (p-phenylenevinylene) or a derivative thereof. 

6. The method of claim l, wherein fibers including said coat of light 
emitting substance ate about 10 micrometer to about 2 centimeters in width. 

7. The device of claim 1, wherein said conductive element includes a 

substance selected from the group consisting of metal, metal oxide, alloy, a 

conductive polymer and combinations thereo£ 
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8. The de~ice of claim 6, wherein said sul?~:ijince is selected from the 
group consisting of aluminum, aluminum oxide, gold, magnesium/silver alloy, 
indium oxide and combinations thereof. 

9. The device of claim 1, wherein said conductive element of each of 
said fibers including said coat of light emitting substance is about 50-99 % of the 
total thickness of said fibers. 

10. The device of claim 1, wherein said fibers of said first set of :fibers 
and said fibers of said second set of fibers are arranged substantially 
perpendicularly to one another. 

11. The device of claim 1, wherein said fibers of said first set of :fibers 
and said fibers of said second set of fibers are interlocked in a woven 
arrangement . 

12. The device of claim 1, further compnsmg an implement for 
applying said electric field betw~n crossing conductive elements. 

13. A storable information display screen for use with an electronic 
infonnation processing device comprising an electroluminescent device including 
a close arrangement including a first set of fibers and a second set of fibers being 
arranged to form a two dimensional close array of junctions between fibers of 
said first set of fibers and fibers of said second set of fibers, wherein each of said 
fibers includes a longitudinal conductive element, whereas fibers of at least one 
of said first and second sets of fibers further include a longitudinal coat of at least 
one light emitting substance being in intimate contact with said conductive 
element, said at least one light emitting substance is selected such that on 
applying an electric field between crossing conductive elements, radiation is 
emitted from said light emitting substance. 

14. The device of claim 13, wherein said light emitting substance is a 
semiconductive polymer has a sufficiently low concentration of extrinsic charge 
carriers, such that when charge carriers are injected into said semiconductor coat 
from said conductive elements, radiation is emitted from said polymer. 
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IS. The device of claim 13, wherein said. longi~dinal conductive 

element is a core and said longitudinal coat of at least one light emitting 

substance coating said core. 

16. A method of m.aiiufacturing · an electroluminescent device 

comprising the· steps ·of: 
(a) providin~ first set of fibers and a second. set of fibers, each of said 

fibers including a longitudinal conductive element, whereas fibers 

of at l~~fone of said first and second setS: of fibers further include a 

coat of at least one light emitting substance being in intimate 

(b) 

contact with said conductive element; and·' . 

arranging said fibers of said first and second sets of fibers to form a 

two dinieI1sioiial close· array of junctions fuetebetween, said at least 

one light emittiilg substance being selected such that on applymg an 

electric: fl~ld between crossing conductive elements, radiation is 

emitted from said light emitting substance. 

17. The method Of claim i 6, wherein said light emitting substance is a 

semiconductive polymer has' a sufficiently low concentration of extrinsic charge 

catriers, such' that wlleh charge carriers are injected into smd semiconductor coat 

from said conductive elements, radiatio~ 'is elliitted froni said polymer. · 

18. The method 'of claini l6, wherein said longitudinal conductive 

element is a ·core atid said longitudin81 coat of ilt least one light emitting 

substance coating said oore~ 

19. The method of claim 16, wherein fiber$ of bo.th said· first and 

second sets of fibers· include said conductive· element and said coat of said 'light 

emitting substance. · 

20. The method of claim 17, wherein said at least one light emitting 

polymer is poly (p-phenylenevinylene) or a. derivative thereof. 

21. The method of claim 16, wherein fibers including said coat of light 

emitting substance are about 1 O micrometer to about 2 ·centimeters in w1dth. 
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22. The metfi&d· of claim 16, wherein said con$ctive element includes 

a substance selected from the group consisting of metal, metal oxide, alloy, a 

conductive polymer and combinations thereof. 

23. The method of claim 22, wherein said substance is selected from 

the group consisting of aluminum, aluminum oxide, gold, magnesium/silver 

alloy, indium oxide and combinations thereof. 

24. The method of claim 16, wherein said conductive element of each 

of said fibers including said coat of light emitting substance is about 50-99 % of 

the total thickness of said fibers. 

25. ·The method of claim 16, wherein said fibers of said first set of 

fibers and said fibers of said second set of fibers are arranged substantially 

perpendicularly to one another. 

26. The method of claim 16, wherein said fibers of said first set of 

fibers and said fibers of said second set of fibers are interlocked in a woven 
' 

arrangement. 

27. The method of claim 16, further comprising the step of connecting 

to said fibers an implement for applying said electric field between crossing 

conductive elements. 


