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conductivity. More particularly, it relates to highly cogductive
materials formed from high molecular weight compounds and
techniques for producing such h_ighly conducting materials.

BACKGROUND OF THE INVENTION
Because electrical conductors play such a fundamental and
ubiquitous role in modern technology., improvements in conductors
are of obvious importance and utility. 1In particular, because
electrical resistivity in conductive materials results in
irreversible dissipation of energy, it is clearly desirable to

. produce materials having a very high conductivity, especially.

materials having a very high conductivity at room temperatures.
In adaition, conductive materials have many applications. in
addition to the conduction of electrical energy. Useful
conductlve mat:er:.als generally fall into two broad classes:
Inorganic non- molecular conductors (such as metals, metal alloys
and metal oxides or ceramics) and organic and organo-element
molecular conductérs (such as polymers and organic salts).

Metals, Metal Alloys, and Metal Oxides

Metals and metal alloys are presently the most widely used
electrical conductors. In the bulk they have an ionic crystalline
lattice and have no chemical bonds. Although these materials have
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and netal oxides or ceram cs) and organi-c and organo-el ement nol ecul ar
~conductors (such as polymers and organic salts). 35 Metals, Metal Alloys,
and Metal Oxides Metals and netal alloys are presently the nost w dely used
el ectrical conductors. In the bulk they have an ionic crystalline lattice
and have no wiomtemat bonds. Al though these materials have PCWUS70188107
PCT/ US97/ 01537 good room tenperature conductivity ([err] = 10[err]
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generally large enough to compensate for the energy required to
cool the conductor. In 1911 Kamerlingh Onnes made the remarkable
discovery that below a certain critical temperature T¢ certain
10 metals experience an electronic phase transition from a normal
state to a superconducting state in which the DC electrical
resistance suddenly drops to zero. Because the transition
temperature of most metals is within ten degrees of absolute zero,
however, superconducting metals have had limited technological
15 utility.

Ceramic metal oxides, like metals, have a crystalline atomic
lattice. In contrast to metals, however, they are poor conductors
at room temperature. Surprisingly, in 1987 some ceramic metal
20 oxides were discovered which have supertonducting transition
temperatures around 100 K. Because it is much easier to cool down
to 100 K than down to 10 K, these new "high temperature”
superconductors have greater potential for technological
application than the conventional superconducting metals.
25 Nevertheless, in spite of their name these "high tempegature“
superconductors still must be cooled to temperatures very low

compared to room temperature and are therefore severely limited in
their potential appllcatlons.

30 For many years it was thought that all superconductors shared the
- .characteristic properties common to the metal superconductors that
were first discovered. It is now recognized, however, that there

are different types of superconductors, some of which do not share

all of the properties of the common metal superconductors'

35 Moreover, it is important to recognize <that although the BCS
theory of superconduct1v1ty (Phys. Rev. 108: 1175(1957)) explains

the superconductivity of metals, it fails to explain less common
types of superconductors. For example, there is at present no

physical theory that fully expiains the high temperature ceramic
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state to a superconducting state in which the DC el ectrical resistance

suddenly drops to zero. Because the transition tenperature of nost netals
is within ten degrees of absolute zero, however, superconducting netals -
have had limted technological 15 wutility. Ceramc netal oxides, Iike
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10 highly conductive materials in order to avoid confl._l51on with

conventional superconductors and their characteristic properties.
We define a highly conductive material to be a material whose
conductivity o can exceed 106 S/cm. Although all superconductors
afe necessarily highly conductive materials, all highly conductive
15 materiais are not necessarily superconductors in the limited sense
of the word. In particular, an ideal conductor is a highly
conductive material but not a superconductor. '

Ah interesting highly conductive material is reported by R.
20 Bourgoin in U.S. Patent No. 4,325,795. It discloses a process for
‘ making a material composed of conductive particles (bismuth
‘powder) suspended in dielectric polymer (epoxy resin). The two
components are mixed togethér and treated by a very specific
procedure to form an extremély small filament whc_:se diameter is
25 Dbetween 10 A and 1,000 A. The patent claims that the conductivity
of these filaments displays superconducting properties at room
t‘.emperat:ure,- namely, conductivity exceeding that of metals
(6 = 106 s/cm). Bourgoin teaches that the concentration of
Bismuth must be at least 10% by volume in order to obtain high
30 conductivity. There is presently insufficient information and
experimental testing to determine the stability of Bourgoin's
,matefial and this material apparently has not found useful
épplications and has not been brought into production.

35 Organic and Organo-element molecular conductors
. More than twenty years before the discovery of ceramic high
temperature superconductors, W. A. Little, _professor of physics at
Stanford University, discovered that it was theoretically possible
for certain compounds of limited dimensionality to exhibic
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are different types of superconductors, sone of which do not share all of
the properties of the comon netal superconductors. 35 Moreover, it is

i nportant to recognize that although the BCS theory of superconductivity
(Phys. Rev. 108:1175(1957)) explains the superconductivity of netals, it
fails to expwein2BWEs common types of superconductors. For PSX‘W”&lﬁ’t her e
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unknown anéhrag cserbat Holydohfiegeeéd igolsamest havine spasi sode-alinehss onal
Conventlcnkand structures. Although no superconductivity has yet been
observed in polyconjugated polymers, Little's work has motivated
both experimental and theoretical work investigating the.
10 possibiiity of both organic superconductors and organic
conductors.
A common type of organic conductor is the class of polymers having
a well defined conjugation system in their main molecular chain,
15 . i.e. periodic alternation of single and double bonds in the chain.
Polyacetylene, for example, is in this class. 1Its well organized
conjugation éystem creates the properties of a semiconductor.
When doped, however, the conductivity of polyacetylene increases
to near metallic 1levels (6 = 105 Ss/em). Polyacetylene is
20 typically a macromolecular compound, i.e. its molecular weight is
more than 1000 amu. Usually the content of the crystalline phase
of polyacetylene is much more than 50%, making it a relatively
rigid material. The conductivity of polyacetylene drops
dramatically if either the concentraﬁion of single bonds becomes
25 too high (i.e. more than 75%) or trace amounts of oxygen are
~ introduced. ' '

In the 1980s certain organic salts were discovered with
superconducting critical temperatures Te < 12 K. Although these

30 compounds, in coﬁtrast to the metals and ceramics, have a well-

defined molecular weight {on the order of 100 amu), they still

form crystalline structures. Like the ceramics, there is
presently no theory that fully explains the mechanism of
superconductivity in these organic salts.

35 '
Recently the discovery of certain polymer films that are highly
conducting at room temperature were reported by L. N. Grigorov, D.
N. Rogachev, and A. V. Kraev in the article Polymer Science. Vol.
35, No 11 (1993). Two macromolecular polymers were discovered,
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super conductors, such new types of conductors will be called 10 highly
conductive materials in order to avoid confusion with conventi onal
superconductors and their characteristic properties. W define a highly
conductive material to be a material whose conductivity a can exceed
10[err] S/ cnWoResdtigh al | superconductors are necessarily FCIIS§7/01537
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contain a significant amount of oxygen which increases the static
dielectric constant. It is important to note also that films made
from either of these compounds is in a viscose liquid state and
‘have a very small crystalline phase. The most remarkable feature
" 15 of these films is that the room temperature conductance through
the films has been directly measured by several different
techniques to be at least five orders of magnitude greater than
that of metal, i.e. o 2 1011 S/cm. Moreover, indirect magnetic
techniques estimate that ¢ 2= 1020 s/cm.
20
' It is important to note that the high conductance takes place only
in certain narrow (= 1 pum) channels running through the £ilm
perpendicular to the surface. Electronic threads running through
these channels are surrounded by nonconducting regions from which
25 the threads can not be isolated. One problem with these fi;ms
that limits their practical utility is that the density of these
conducting threads is very low. Another difficulty is that the
threads rarely appear in films greater than about 10 pum in
thickness. - The primary problem with these conducting films,
30 however, is that the conductivity through the £ilm is very
unstable at xroom temperature and can appear and disappear
spontaneously under constant conditions. Moreover, the teaching
of the priei art does not contain any theory or understanding of
the necessary properties of these highly conductive compounds, nor
35 does it enable one to predict what related compounds might also
| display similar conductive properties or what methods may be used .
to improve the stability of the conductivity. Because of  the
combination of these disadvantages, these films are of extremely
limited utility.
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30 conductivity. There is presently insufficient information and
éxperimental testing to determine the stability of Bourgoin's material and
this material apparently has not found useful applications and has not been
brought into production. 35 Organic and O gano-el ement nol ecul ar conductors
More than tweed¥y28tesars before the discovery of ceram ¢ hi ghpCruSIZOEBUr €
superconductors, W A Little, professor of physics-at Stanford University,
di scovered that it was theoretically possible for certain conpounds of
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having quggéégggigléﬁggg(%gﬂductivity at room temperature is stable and
significantly greater than 106 S/cm. . It is an additional object
of the invention to provide such materials which can be used in’
10 practical technologiéal applications. It is a further object of
the invention to provide a method for producing such highly
conductive materials. It is a more particular object of the
invention to produce a class of polymers which may be used to
produce materials having highly conducting threads'that are both.
15 stable and high in density. It is another object of the invention
to provide such materials with threads of practically useful
length. These and other objects of the invention will be evident

from the following description and drawings.

20 SUMMARY OF ’.I.'BE INVENTION
These objects and advantages are attained by providing methods for
producing materials having stable and very high conductivity at
room temperatures. The disclosed method comprises forming a
medium of macromolecular substance, generaﬁing free electrons in
25 the medium, inducing these electrons to form electronic threads
through the medium, and substantially solidifying the medium to
stabilize the positions of the threads. In the preferred
embodiment the substance is a polymer having at least 76.B8% single
bonds and a molecular weight of at least 2000. The polymer may be
_30 a hydrocarbon modified by oxygen such as- oxidized atactic
polypropylene or oxidized isotactic polyhexene. It also may be a
polyurethane or a polymer such as polydimethylsiloxane which has a
silicon-oxygen main chain. The method preferably includes forming
a thin film of the medium and exposing it to UV light in order to
35 assist in the formation of free electrons. The generation of
electronic threads is prefeiably assisted by one of various
techniques such as heating'the-medium and exposing it to an
electric field, microwaves, or ultrasound. In order to stabilize
the pqsition of the threads to allow reliable conduction through
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band structures. Al t hough no superconductivity has yet been observed in
pol yconj ugat ed polymers, Little's work has notivated both experinental and
theoretical work investigating the 10 possibility of both organic

superconduct ors and organi ¢c conductors. A common type of organic conduct or
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netallic levels ([err] O[err] S/cm. Pol yacetyl ene-is 20 typically a
macronol ecul ar conpound, i.e. its nolecular weight is nore than 1000 amnu.
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between 0.1% and 13%, more than 76.8% single bonds, and a static
10 dielectric constant greater than 2.4.

.DESCRIPTION OF '.I'BE DRAWING !'IGURES_

Fig. 1 shows the chemical structure of APP, a polymer used to
produce a conductive material according to the invention.

15 Fig. 2 shows the chemical structure of IPH, a polymer used to
produce a conductive material according to the invention.

Fig. 3 shows the chemical structure of two forms of PDMS, a
polymer used to produce a conductive material according to
the invention. o .

20 Fig. 4 shows the chemical structure of a PDMS copolymer, a polymer
used to produce a conductive material according to the
invention.

Fig. 5 shows the chemical structure of yet another form of PDMS, a
polymer used to produce a conductlve materlal according to

25 - the invention. _

Fig. 6 shows the chemical structures of two components used to
form a polyurethane, a polymer used to produce a conductive
material accofding to the invention. -

Fig. 7 shows the chemical structures of the polyurethane produced

30 by the copolycondensation of the two polymers shown in Fig.
6.

Fig. 8 illustrates a technique developed by the inventors for
increasing the concentration of conductive elements in the
macromolecular medium.

35 Fig. 9 illustrates a technique devised by the inventors for
increasing the length of conductive elements by joining .
conductive elements together.
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conmpounds, in contrast to the netals and ceranics, have a well- defined
nol ecul ar wei ght (on the order of 100 amu), they still formcrystalline
structures. Li ke the ceramcs, there is presently no theory that fully
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Fig. 12 illustrates the technique used by the inventors for
testing the electrical properties of the conductor of the
invention. ' .

10 Fig. 13 is a schematic diagram.of a circuit to improve the
~conductive properties of the material of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Theoretical Background
15 The invention is based on two discoveries which have simple
theoretical explanations from the viewpoint of mode:n physics and
physical chemistry. ' '

The first discovery is that if several conditions are fulfilled
20 some macromolecular substances may be an exception to the well
known fact that organic and elementorganic compounds usually have
no free electric charges for the conduction of electric current.
These conditions ére: the substance must be in a viscose liquid
state, the macromolecules must contain a certain amount of polar
25 groups having a large dipole momentum (e.g. >C=0, -HC=0, ~OH), and
the substance must have a low percentage of double bonds (low
degree of conjugation). Note that the large dipole momentum in- -
some compounds may be provided by the elements in the main chain
{e.g. Si-0) rather than side groups. '
30 . _
The reasons for these conditions are as follows. Due to the high
flexibility of the long macromolecular chains while in the viscose
liquid state, the polar groups can easily change their spatial
positions and orientations. As a result, the subs;ance is endowed
35 with a high static dielectric éonstant and has properties close to
those of low molecular weight polar solvents. It is well known
that electrolytic dissociation in polar solvents leads to
spontaneous charge separation and results in the appearance of
some small concentration of free positive and negative charges.
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5 material, these filns do not require the addition of conducting
particles. Both the OPP and PDMS used have a very high nol ecul ar wei ght
(greater than 10,000 anu). The mai n chains and side substitutes of both
are conpl etely saturated and contai.n only single bonds, although a

negl i gi bl e nwasenswi doubl e bonds can 10 appear during thel’6i'4U§%ﬁ’q1&7 of
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channel s %oela%r{so‘fggsg BYoROIePNAUE Higl8 bEYLPHSs M3 Chrhe polarons
10 are not bonded with parent macromolecules'and-can move due to heat
motion in a flexible liquid macromolecular medium. The free
movement of polarons, however, can be lost if the macromolecules
have a significant number of conjugated bonds because large
conjugated systems can effectively-traﬁ the free electrons in
15 empty electron energy levels. In a macromolecular substance
satlsfy1ng all three conditions, therefore. the substance can
experience self- -ionization and the charges produced can remain
free. The electron mobility, however, is initially quite low
compared to metais.
20 o
The second discovery made by the inventors dramatically increases
the electron mobility. It is found that under certain conditions
- the state of homogeneously spreaded polarons becomes unstable and
due to their mobility polarons begin to join each other resulting
25 in the formation of stable multielectron structures we shall call
“superpolarons". Each superpoiaron may be visualized as a long
multielectron thread runnlng through a cylindrical channel. The
thread is surrounded by a cloud of homogeneous positive ions and a
shell of dipoles oriented in a radial direction by the strong
30 electrical field of the thread. This polarized shell creates a
" potential well which keeps all the electrons together in the
channel and creates a strong overlapping of their wavefunctions.
This situation has remarkable consequeﬁces. Because the well is a
quasi-one-dimensional system, the electrons can obtain a mobility
35 several orders of magnitude higher than that of metals. Moreover,
the overlapping of their wave functions also creates a strong .
exchange interaction which counters the effect of Coulomb
repulsion. -Quantum mechanical calculations by the inventors show
that the combined influence of both the polarized shell and the
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25 the threads can not be isolated. One problemwth these filns that
Pimts their practical utility is that the density of these conducting
threads is very low Another difficulty is that the threads rarely appear
in films greater than about 10 [err]min thickness. The primary problem
with these cwuolresiong filnms, 30 however, is that the cond®ET{USI¥ESIThr ough

the filmis very unstable at roomtenperatyre .an an_a |, ear
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PCT/ US97/ 0153 o . y : .
' should be noted that the inventors have observed that, like
superconductors, the conductors of the invention dramatically
violate the Wiedemann-Franz'law. These conductors, therefore, can
10 be used as thermal insulators and other applications involving

cuantum coherence.

In addition to the three conditions for the creation of stable

polarons, there are additional conditions for the creation and

15 stability of a superpolaron structure: - the concentration of

electrons in the-superpolarbﬁ's thread must be on the order of

1020 to 1021 electrons/cm3, the static dielectric constant must be

significantly more than the high frequency dielectric constant

(i.e. at least 2.4 to 3), and the medium must be simultaneously

20 flexible and viscose. The reasons for these conditions are as

follows. The concentration of electrons in the thread must be

sufficiently high in order to provide a strong exchange

interaction and high electron mobility. Because this

concen:ration.is 2-3 orders of magnitude more than the mean

25 concentration of polarons in the self-ionized macromolecular

_medium, this condition can only be fulfilled if the medium also

satisfies the condition that it is flexible enough that the

polarons may be collected together. This ex,plains. why the

superpolaron structure does not appear in the solid state or in

30 highly crystalline compounds. The condition on the static

dielectric constant ensures that a sufficiently deep potential

well may be created. Although the medium must be flexible enough

to permit the creation of polarons and superpolarons, it must also

be viscose enough to permit their stability. This explains why

35 | superpolarons have not been observed in low molecular weight polaf

liquids. Only high molecular weight compounds can satisfy this

condition because they simultaneously have high flexibility and
high viscosity. '

10
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to prevent these effects, the inventors have discovered that
suitable polymers can be used whose state may be changed from
viscose liquid to s.olid after the creation of superpolarons.
After such a transition, the conductivity becomes very stable
provided the Young's modulus of the hardened medium exceeds
0.1 MPa.

Method of Producing Stable and Highly Conductive Material
In accordance with the understanding presented above, the
jnventors have discovered the following method for producing
stable and highly conductive materials. ' In general outline, the
methbd comprises the following steps. First, an appropriate
jnitial chemical compound is chosen that satisfies the conditions
for the formation and stabilization of superpolarons. In
accordance with the teaéhing of the invention, this initial

compound is preferably a macromolecular substance formed as a

film. Second, the initial compound is activated or ionized so
that free electrons (polarons) are generated in the macromolecular
medium. The propertieé of the activated .substance may differ in
some ways from those of the initial substance. Third,
superpolarons are formed in the activated substance. The
combination of polarons into superpolarons is associated with an
appearance of and subséquént increase in the ferromagnetic
momentum of the substance. This step may include substeps to
speed up the creation of superpd_larons or to concentrate the
superpolarons that haire been creatéd. Fourth, the formation of a

desired electrical conductor material using the superpolarons as .

sbricks*. Fifth, the stabilization of the substance in order to
obtain stable conductivity in the substance. Note that these
steps may in some cases take place simultaneously with each other.

. 11
‘This Sheet Has Been Replaced




roomtenperatures. - The disclosed nmethod conprises formng a medi um of
macr onol ecul ar substance, generating free electrons in 25 the nedium

i nduci ng these electrons to formelectronic threads through the medium and
substantially solidifying the nediumto stabilize the positions of the
‘threads. | wotlvesipT ef erred enbodi nent the substance is a pBCT/HE7TORETi ng at
| east 76. 8% single bonds and a nol ecul ar wei ght of at |east 2000. The

pol ymer may be 30 a hydrocarbon nodified by oxygen such as oxi di zed

atacti c _pSkwpr dpyl| efboosiogi dikeedinibiatt Fempehwpfexene. .1t al so may be a

p_o: yur et hgage L1 Q;uQQE%HEEféHﬁ& ﬂzﬁfg&galﬂdi?.hbybfﬂaém uah]ghe hemsen as
SI11Ccon-o0xX en mj cnal n. e . prer.er. 0l In
film of tlrré néﬂ?'ﬁi'ﬁn]arﬁf "ngﬂa‘t tﬁ%l%\}ql‘l d‘%? IX%Q(E;?;([%%? 9 g% eagg'i%stggi n

 the foBnmathen afref qadtel goodordectrike igsnéaterdn Bave| ereofhant Afedds is
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DO el AR EhES o i | BUS) Byl AL, shgsaier
t hrough 6dielectric constant less than 2.4, but in all cases the substance
" in its final state has a static dielectric constant greater than-
10 2.4. The initial compounds fall into three broad classes:

- hydrocarbons, silicon-oxygen based polymers, and a polyureﬁhane
produced by copolycondensation of two components. Preferably, the
hydrocarbon is either atactic polypropylene (APP) or isotactic
polyhexene (IPH), and the silicon-oxygen polymer is one of four -

15 polymers with various end and side groups.

A. APP
APP has the chemical formula (-C3Hg-)n and has the chemical
structure shown in Fig. 1. The APP molecules preferably have a
20 molecular weight from 4,000 amu to 100,000 amu. Molecular weights
more than 100,000 amu can be used also but these are generally
more difficult to synthesize. The main chain of APP is made of
carbon atoms only. The side groups are hydrogen atoms and methyl
groups directed randomly along the chain, causing APP to be
25 completely amorphous. In the bulk APP molecules are linked only
by weak Van der Waals forces, making APP a viscose ligquid at room
temperature. The structure of APP may be stabilized by cooling
below the glassing temperature (= -20 C). In order to purify APP
prior to preparing an electrical conductor it is often useful to
30 dissolve it in heptane. | '

B. IPH
The second hydrocarbon that is preferably used as the initial
compound is IPH which has the ‘chemical formula
35 (-CH((CH2)3CH3)CH2-)pn and the chemical structure shown in Fig. 2.
Preferably, the IPH molecules used have a moleculax weight from
300,000 amu t6 1,000,000 amu. High molecular weight IPH molecules
can be easily synthesized because ‘of the regular (isotactic)
intramolecular structure. The long side groups in IPH prevent any

12



WO 97/ 28107 PCT/ US97/ 01537 t he
medi um the nethod includes a solidification of the nedium In a preferred
enbodi ment the solidification is acconplished by cross-1inking or by
cooling. 5 The material produced by the invention has stable electronic

t hr eads whosgol@®dipt enperature conductivity is greater tharl’cﬂ(lssmjssﬂcm

In a preferred enbodi nent the material is charact &Bg You }9
modul us grEeaterllimen sereciPEe BRRR ASHRIPRIGH: et © k-0 A%ﬂ%e(kl nor e

t han 76. 8¢tabinglze DPBdsne mag qosl dit delow elt%lgé(ﬂsﬁﬂegcm"adt' gPedtler than
2. 4. DESCRI PTION OF THE DRAW NG FI GURES Fig. 1 shows the chem cal structure

of APP, a polyner used to produce a conductive rial .accordj O t he
i nventi onG. 15 S¥}icop-Qmiaan t ROL¥MERSE 4 PRMS uﬁ?gaé&&ferl'ﬁl!! % %TE used

to proglucenareonduct severel evhaloascoridlinpr-exvgen nne?hym@ns Itihgt Axshows
the chem SeLegiLUg! 4e afre“ﬂﬁﬂ:%'iﬁ Hmddf @oPO|t—)H33er§rﬁéiti8nprdLéﬁﬁ a

conducti v acco to the i nventb ,mows t he 11
chemical steee¥ifal cﬁore@ansrvs @GFOFGABR, B8 HBPy FrBYe“tl Sy are a

based on a chain of the form (-Si-0- )n, with variations on the
side groups and end groups. Because this main chain has such a
10 - high flexibility, these polymers have a highly amorphous structure
and their glassing point is typically low (usually around -130 C).

The first type of silicon-oxygen polymer is polydimethylsiloxane
(PDMS). In one embodiment, PDMS has three methyl end groups at
15 . each end of the chain and preferably has a molecular weight more
than 300,000 amu. In an alternate embodiment, PDMS has three
vinyl end groups at the end'of each chain and preferably has a
molecular weight more than 15,000. The chemical structures of
‘these compounds are shown in Fig. 3.
20
In the case ﬁrhere. PDMS has metlyl end groups, chemical bonds
between the PDMS molecules do not form. Consequently, this
substance is a viscose llquld at room temperature and its
stablllzatlon is accompllshed by coollng below the glassing point.
25 On the other hand, in the case where PDMS has vinyl end groups, it
is also initially a viscose liquid at room temperature, but it may
be stabilized through cross-linking, i.e. breaking the double
bonds of the vinyl end groups and formipg chemical bonds between
- PDMS molecules. This chemical reaction can be induced at the
30 'desired moment by a special catalyst or by heat. The cross-
linking transforms the viscose liquid into a solid. Because
cross-linking is possible in this case, the molecular weight does
not need to be as high as when cross-linking does not take place.
~This hae _the advantage that activation and formation of
35 superpolarons can take place much faster when the molecules are
smaller.

13



used to produce a conductive material according to the invention. Fig. 5
shows the chemical structure of yet another form of PDVS, a polyner used to
produce a conductive material according to 25 the invention. Fig. 6
shows the chem cal structures of two conponents used to forma

pol yur et hanewoarpsibyner used to produce a conductive nateri pcrasemissisng to
the invention. Fig. 7 shows the chem cal structures of the polyurethane
produced BBe seconfiytyhe edpslijicrtersyuronprofiymas fwo igenyAenrd Showhei n

Fig. 6. Fé&n%&dd |Jﬁ§%rééfér%aé@@h&éﬁﬂetﬂ&ﬁ/@c{ﬂ@edﬁbﬂhé h@thweaigé ?Brfdag’sl N
e um 387° PRI SR Phoby e, EBOEHER A S ReiTRaL” b e BE s o
i ncreasi ng the Iength of conductlve el enents by joining conductive el enents
toget her. e substitution of hydrogen atoms permits quicker and stronger
stabilization when cross-linking because the hydrogen can easily
link with the wvinyl end groups. Préferably,-smaller molecules
(down to as small as 2000 amu) are used in order to increase the
number of ends that can cross-link and increase the stability.
10 With this molecule, the preferred fraction of methyl side groups
that are replaced with hydrogen is 25%.

In order to increase the density of cross-linking and improve
stabilization, it is desirable to decrease the number of links in
15 the main chain without decreasing the molecular weight. One way
to accomplish this is to substitute large diphenyl groups for the
methyl side groups. This can be combined with the substitution of
hydrogen side groups as discussed above. An examplé of such a
copolymer is shown in Fig. S.
20
Although a conductor may be formed from any one of the above
silicon-oxygen pdlymers. conductors may also be formed through a
combination or mixture of several of the above polymers and
copolymers. One preferred mixture is PDMS having methyl end
25 groups mixed with the copolymer having vinyl end groups and
- diphenyl side substitutes. The most preferred mixture is the
copolymer having wvinyl end groups and hydrogen side substitutes
mixed with the copolymef having vinyl end groups and no side
substitutes. Moreover, different side substitutes altogether may
30 be used to provide additional variations of the above polymers.
For example, acrylic side substitutes may be used as well,
allowing cross-1linking under shortwave UV treatment. Therefore,
it will be appreciated by those skilled in the art that other side
substitutes may be used in accordance with the teaching of the
35 invention in order to obtain the necessary conditions for
stabilization. Anyone of ordinary skill in the art would consider -
such alternate side substitutes obvious in view of the teaching-
provided herein. Moreover, other mixtures may be produced to
facilitate the creation and stabilization of conductors as well.

14
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8 Fig. 10 snows an enbodi nent of the invention in the formof a thin film

Vil th conductive, regions passing fromone side to the other. Fig. 11

“illustrates a techni que devel oped by the inventors for creating |ong
conducting elements in the macronol ecufar medium Fig. 12 illustrates the

t echni que usqgh Ppsighe i nventors for testing the electrical POINEST01SS? of
the conductor of the invention. Fig. 13 is a schematic diagramof a circuit
to i nprove the conductive properties of the material of the invention.

DETAI LED %chloli}'hgyt Qge'EHE PREFERRED EMBCDI MENTS Theoret i cal Background

The invention is based on t di s S V@ eS g {,ggegggl

expl anat.i ofRe f%’ﬁlﬁﬂecW‘BV\b’\é\gn‘fs%i ér/ﬂ)tdetﬁ"n \plﬁr]yglé'saﬁaﬁg ; ° gg rﬁé}

The first aliscoeechosent fregm | thes eless| °§0H91Y‘P’6?‘Fsh%'f ul FF Fé'a

rracrom;g e%ﬁgumcgg FRe G8-cdu@xcept idncbpolpeondehsation of two
components, 4,4'-methyreneb1phenyl isocyanate and poly-
{buthyleneglycol adipinat). whose chemical structures are shown in
Fig. 6. '

10, The factor n is chosen so that the second component has a
molecular weight around 2000 amu. During copolycondensation the
two components are connected into large links. The resulting
copolymer has the chemical structure shown in Fig. 7.

15 This polymer contains a high concentration of specific chemical
groups (i.e., .0C=0) having large dipole momentum, giving it a
larger static dielectric constant of about 4. The oxygen content
is preferably between 6.6% and 15.7%. Usually it is near 12%.
The preferred molecular weight of this compound is between

20 4500 amu and 10,000 amu. It can be dissolved in varloqs organic
solvents, for example, dimethylformamide. In contrast to the
brevious compounds discussed, this compound may be partially
crystallized at room temperature, with the crystalline phase at
thermodynamic equilibrium being above '50% by volume. This

25 polymer, however, may be converted to a completely amorphous phase
by heating above 62 C. Once superpolarons have been formed it can
then be cooled back down to room temperature. .Note, hbweyer. that
it may take hours or days for the crystalline content to reach
equilibrium.

30
All the initial chemical compounds discussed above may be used for
the electrical .conductor preparation, as well as variations of
these and alternate compounds as would be obvious to those skilled
in the art in view of the teaching contained herein. Indeed, as

35 has been shown through the above examples and explained in the
theoretical description, an appropriate chemical substance may .
have quite a different fine chemical structure and may be based on-
different main chain constructions. The substance need only have

certain physical properties. In particular, a setisfaétory
s . EH!S SHEET HAS BEEN
s-Sheet Has Been Rep Iaced REPL ACED
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known fact that organic and el enentorgani c conpounds usually have no free
électric charges for the conduction of electric current. These conditions
are: the substance nust be in a viscose liquid state, the nacronol-ecul es
must contain a certain anmount of polar groups having a | arge di pol e nonent
(e.g. >C=0. wa@,mm oH) and the substance nust have a | ow KE/e9wosde of

doubl e- bonds ree.of con ugatlo ) I
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macromolecular substance hav1ng a molecular weight of at least

10 2000 amu. The initial compound must also have the property that
it can be stabilized after forming the conductor, either by cross-
linking or by cooling down to a temperature where the matrix
becomes sufficiently stable. Finally, it should be noted that the
selection of the initial compound may also be subject to

15 considerations of the particular conditions under which the
conductor will eventually be used.

Step 2. Activating the compound

The aim of this step is to generate and accumulate stable free
20 electrons in the macromolecular medium. The activation comprises

several steps common to all the initial substances. Certain

substances, however, regquire additional steps due to their

‘particular characteristics.

25 1In order to create stable free electrons in the macromolecular
substance, the electrons must first be ionized and then stabilized
in the macromolecular medium. The inventors have discovered that
stable free electrons can be created under circumstances where
flexible macromolecular chains having polar chemical groups are

30 adsorbed on the surface, or if macromolecules participate in the
surface interphase interaction between two different phases which

_are present together in a heterogeneous medium. From a
thermodynamical point of view, electrons can be stabilized in a
free state only if the macromolecular ions and the electrons are

35 strongly solvated by the polar medium, giving the necessary
energetic gain to prevent Coulomb bonding. From a kinetic'point
of view, ionization is normally very improbable due to the high
energy of 5 eV to 6 eV that is required. But it is well known to
those skilled in surface chemistry and heterogeneous catalysis

16



WO 97/ 28107 _ - PCT/ US97/ 01537 It has
been di scovered by the inventors that a simlar process takes place in the

case of many macronol ecul ar substances provided they are in a viscose state
and have pol ar groups. Rather than the production of negative ions as in
the case of womgkswrytic 5 dissociation, in this case free ECEISYIASBTappear

that are surrounded by oriented dipole groups.. ese. f <ale
known in SHf&i CEF tERBNPSOCFSESS" ?bi"\? e%eelrgoc r%'ﬁ " efgrg(?qi%r?%hh;xir 2{3?‘}?&8
"pol ar ons'improbypleain echs ihulki ganceasdhyrtakeplace: BesERBoPUF bR Ge

from 10['6;,{4,1{,91 10[3?[ rba POl AIONS, PLr 1688e HdeeBQlar a@soibBedaba rotsdiddded
wi th parent nacrono ecu?

d due 1o h ian i '
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be | 0SE i frol be fACspen ficulconthamat tons Ay eaRenpeifet RYLTIAPELR éPbonds
because | & .6AN;49At edasY S epBsE P, efchrctiowisatdicap pheefitbal elcant tk@ns in
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sel f - i oni zatikomagniet ke EEhanyester bomtzel ceie reamg molesylesTRaserRRY (Fh-
mobi lity, Qeygfsads L8ht bal |doriddse éfaily, perhaps with the help of
10 relatively weak ionization factors such as thermofluctuations or
exposure to UV radiation. Once a stable macroion has been created
at the surface, it is then desorbed from the surface and migrates
into the volume of the medium. Because the diffusion can be quite
slow, it may take days or even weeks for a high concentration of
15 free electrons to accumulate in the volume of the material. This
time can be reduced, however, if the ratio of surface area to
volume is very high during the activation stage of the conductor
preparation, e.g. by activating the medium while in the form of a
thin film. '
20
The first stage of the activation in the preferred embodiment is
to increase the ratio of surface area to volume by forming a thin

film of the macromolecular substance on the surface of a solid
substrate. Although films as thick as 100 um have been produced,

25 preferably the film has a thickness of 20 pm to 30 pm, except for

the silicon-oxygen polymer films whiéh have a preferred thickness

" of 5 um to 15 pm. The nature of the solid substrate is not very

- signifiéant and could be a metal, glass. semiconductor or any

" other solid that does not react chemically with the f£ilm.

30 Preferably, the film is formed on the surface of gold or glass.

The film may be prepared by techhiques well known in the art, such

as by melting. The film may alsc be prepared by dissolving the

compound in a solvent,.spraying the solution over the surface of

.the substrate and evaporating the solvent. To speed the

35 evaporé.tion process, the film may be heated, preferably to
' temperatures between 40 C and 70°C, except for the polyurethane o

compound which is preferably heated near 80 C so that it is well

above its melting point of 62 C. Note that if the £ilm is formed
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conpared to netals. 20 The second di scovery nmade by the inventors
dramatically increases the electron nobility. It is found that under -
certain conditions the state of honbgeneously spreaded pol arons becones
unstable and due to their nmobility polarons begin to join each ot her
resul ting 25wiors78me7f or mati on of stable nultiel ectron structPGTABIURSENh]| |

call "superpol arons”. Each superpol aron e visualli I
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oriented in a radial direction by the strong 30 electrical field of the
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several orders of magnitude hi gher an t t My goven,
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10 they indicate the presence of carbonyl groups. When the content

' of oxygen reaches at least 0.1 atomic % and the static dielectric

constant reaches at least 2.4, the thermooxidation is complete.

The next stage ih the activation of the film is the exposure of
15 the film to UV radiation in order to help adsorbed macromolecules
become ionized. In the preferred embodiment,'a 120 watt mercury
lamp having a 5 cm tube at a working pressure of 0.2-0.3 MPa is
positioned about 5 cm from the film. ‘Any other method of exposing
the film to similar UV radiation, however, will be sufficient. A
20 typical exposure time under the above conditions is 1.0-1.5 hours,
except for the silicon-oxygen polymers which are typically exposed
for 4-6 hours. The exact duration of exposure can be controlled
by monitoring the magnetic properties of the film. From an
analysis of the form and iﬁtensity of the dependence'of the
25 magnetic moment on the applied external magnetic field, one can
deﬁermine the concentration of stable free electrons in the film.
When the concentration of free electrons is at least 3 x 1017
electrons/cm3, then the UV irradiation is complete. It should be
noted that overexposure to UV radiation can begin to break the
30 main chains of the macromolecules.

To enhance the diffusion of the ionized macromolecules and free
electrons during the activation step, the medium'may be subjected
to agitation or vibration. For example, ultrasound may be applied

35 steadily at 1 W/cm?2 or in pulses of higher intensity. The
diffusion may also be.enhanced by heating the medium to reduce
viscosity.
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t hat the conbi ned i nfluence of both the polarized shell and the 9 WO
97/ 28107 PCT/ US97/ 01537 strong
exchange |nteract|on is sufficient to provide the stable existence of a
superpolaron's nmultielectron structure. It is also known from quantum
theory that WOS78%8hange interaction is nost pronounced in PREURESRSIG!
quasi - one- di nensi onal systens. Quantym 5 nechani cal cal cul ati ons by the
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stability of a superp% ar.on structure: he cogcentra{glon of
guantum mechanical exc ange 1nterac ion, presence of

superpclarons can be detected by monitoring the ferromagnet.\.c
momentum of the polymeric medium. Note that the accumulation of

10 polarons and superpolarons can also be monitored by a measurement
of the static dielectric constant of the medium. The
ferromagnetic saturation appears to occur at 0.5-5.0 kGauss at
room temperature. The time needed to reach ferromagnetic
saturation depends on the initial compound used and on the

15 thickness.of the film because the migration of the polarons from
the surface and their collision within the volume depends on the
diffusion coefficient of the substance. Typically this time is
from -several hours to several weeks, but may be made shorter by
certain techniques such as heating the substance or exposing it to

20 microwave radiation. Microwave power levels may range from 100 W
to 10 kW, where -the higher power levels are pulsed to avoid
overheating the substance. The microwaves resonate with the
polarons and increase their mutual attraction.

25 Motivated by experimental evidence and certain theoretical
assumptions, the inventors have discovered that the naturally
occurring superpolarons may be joined together into long
superpolaron threads provided that their concentration is high
enough. It is estimated that such joining of superpolarons

30 requires a concentration of at least 108-10% superpolarons/cm3.
In order to obtain sufficient concentration for this joining, the
medium is subjected to enrichment techniques. Because the
superpolarons have a magnetic momentum and can be strongly
.polarizéd by an electric field, the application of external

35 electric or magnetic fields can be used to concentrate t'he_
superpolarons. Based on this teaching, it will be appreciated by .
anyone of ordinary skill in the art that many techniques are
possible for concentrating the number of superpolarons in the
medium. ' '
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el ectrons in the superpolaron's thread nmust be on the order of 10[err] to
TO[err] electrons/cnferr], the static dielectric constant nust be
significantly nore than the high frequency dielectric constant (i.e. at
'east 2.4 to 3), and.the nedium nust be sinultaneously 20 flexible and
viscose. ThWG%I88WAs for these conditions are as fol | ons. PEE/USSTIO1537
concentration of electrons in the thread nust be sufficiently high in
order- to provide a strong exchange interaction and high  electron
mobi | i ty. One Bsawpie oft lsushcamcsnwtichmenh tecknizugr dersheym dmgFigude ndre
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concentrated there. The superpolaron-enriched medium in the
vicinity of the tip is then collected.

This technique can be performed with multiple electrodes if

15 desired. It should also be noted that this procedure can be
performed analogously by the application of a magnetic field
instead of an electric field.

Step 4. 'Eormin§ a conductor from the compound
20 Once the macromolecular medium has been enriched to a sufficiently
high concentration of superpolarons, the material can then be used
to form several types of conductors. For example, thin conducting
films can be formed with the direction of conductivity
perpendicular to the pléne of the sufface._ In the casé of films
25 that are thinner.than the average length of the superpolarons, the
enrichment process is not necessary for conduction through the .
film because the superpolarons are already long enough to conduct
through the film. The enrichment does. however, produce a larger
density of conducting channels through the £ilm. For £films much
30 thicker than the average superpolaron length and for the creation
' of long wires, however, it is necessary to join the superpolarons
to form long conducting threads in the medium. Having created a
sufficiently large density of superpolarons by the enrichment
technique, the superpolarons can be joined by techniques that
35 induce attractive forces between neighboring superpolarons. These
techniques, like the enrichment techniques, are based on the fact .
that the superpolarons have a magnetic dipole moment and can be
induced to have a large electric dipole moment. Thus, electric
fields, magnetic fields, or a combination of electric and magnetic

20



l'iquids. Only high nol ecul ar wei ght conpounds can satisfy this condition
Because they simultaneously have high flexibility and high viscosity. 10
REPLACEMENT SHEET 11 The inventors have nade the additional

it is possible to inprove the stability of the superpolaron structure
t hrough cherw@&r280% er ati ons of the medi um Because the nedPGRUSHLSHe

fl exible
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enough to allow for the.nitial creati f I
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strohe bonetenmus stlacrnisy eldhaffrd P@gwle. by placing the
medium between two metal plates and applying a high voltage across
the plates. Due to the induced electric dipole moment of the

superpolarons, they will tend to rotate so they are aligned

10

15

parallel to the field lines. In addition, the superpolarons will
tend to link up end-to-end, as is shown in Fig. 9.

Note that some of the superpolarcons may join together in this
manner during the enrichment process as well. Alternatively, the
same dipole attraction illustrated in Fig. 9 is also created when
an alternating magnetic field is applied to the material.. The
flux change induces an alternating electric dipole moment in the
polarons that results in their mutual attraction. This mutual

~ attraction can be enhansed by doping the medium with small

20

25

30

35

conductive microscopic particles. Note that, although these
particles are conductive, they do not participate substantially in
the high conductivity through the material.

Depending on the techniques used to speed up the creation of
superpolarons, this process may take as long as several hours.
The macromolecular medium will then have numerous conductive
threads. 1In principle, there is no theoretical limit to the
length of an electronic thread that may be formed. |

Another method for creating superpolarons and longer threads'is to
place a thin film of the substance on a conductive substrate and
place an electrode on the surface of the film. The electrode is
ini;ially used to apply an electric field that induces the
creation of superpolarons. When conduction through the medium is
initiated, however, current pulses are sent through the copduc;ing
thread. When the thread can carry a significant current, say
100 A/cm?, then the electrode is raised slightly. The film should
be kept in contact with the raised electrode by the application of
pressure on the sides or by other technigues. -

21
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viscose liquid to solid after the creation of superpolarons. After such a
transition, the conductivity becones very stable provided the Youhg's
nodul us of the hardened nedi um exceeds 0.1 MPa. Method of Producing Stable
and Hi ghly Conductive Material In accordance with the understandin

present ed abWQ&728PE | nvent ors have discovered the foll owi nECHESHEISY or

product ng gtabl e and, hi.ghl.y .conductiv 4 als. In general outline, the
met hod cor%ﬁpses' t h%‘f’gﬁr}&/ﬁ’ﬁb" sggﬁs.c%ml;%}l%gt , an_appropriate initial

cheni cal. @@¢gotihrl dondussing suRerRAETONiesthrRadsohaTe | RARe formeReln dhifat i on
and st abi IneBaLONt Ky HiREIGRAeRADDE. stable ateatdanss. WiErowhliant mecivm @fof
the | NVeNthan pdfiried NLLLRLEOTPRUNE LS, PLANG! Ake? (T PHPLEGL! 26 be
subst ance Tor e IT9RT Second, the'initial ~conpound_ I's ac |v5te(§’ or
ioni ze§ sclispdecefewishdot s Nedlumk onsfnapargénetarx edthe epads of  the

macr ool ectHraadBedi VN ndt ehduiRixtii19s refaiheattailie/ sedatubst ative magiwi f fer
N some Wsatf'{:ﬂ? dppse 1-?%e tohx?.tﬁ%“ %h@kgc??bﬁ@&gg entf [ dir i
sup,erpol arons are 'OHT'E(?IB the activated substance. e Co | nati on of
pol ar ons MRCESSaFEr Bl aFahslize o8Redpagranaliechlan BRBLUR oFR tRAT offpble
subsequentelditir@aatd icont@etl witdRgietditreads can be established at the

10 surface. The stabilization of the medium can be accomplished in
several ways.

The first way to stabilize the medium is through cross-linking.
As discussed in the above description of the initial

15 macron'\olecu_lar compounds, if specific chemical groups are included
in the initial compound, then cross-linking may be produced
between the macromolecules, thereby causing the medium to
transform from a viscose liquid to an elastic solid state at room
temperature. The cross-linking results in the appearance of a

20 nonzero Young's modulus, which is a quantifiable measure that the
medium has transformed into a substantially solid phase. In the
case of the silicon-oxygen polymers, cross-linking may be produced
by heating the substance at 150 C £for 1.0-1.5 hours.

25 Another way to stabilize the medium is to increase the viscosity
of the matrix so much that the Brownian motion beéomes negligibly
small. For example, the amorphous polymer matrix may be cooled
below its glassing temperature. Althodgh such a cooled matrix is
still a liquid in principle, its viscosity is so high that it has

30 the properties of a solid. For compounds with a glassing
temperature below room temperature, the stable 6peration of the
conductor must take place at a temperature below room temperature.
Some éompounds, however, have a glassing point above room
temperature. For these compounds, the steps of preparing the

35 conductor take place while the medium is heated above room
temperature. When the medium is then cooled to room temperature,
the conductor naturally stabilizes. In the case of polyurethane,
cooling below 62 C is connected with the formation of
microcrystals in the macromolecular medium. It should be noted
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nonent of the substance. This step may include substeps to speed up the
¢reation of superpolarons or to concentrate the superpol arons that have
been created. Fourth, the formation of a desired electrical conductor

mat erial using the superpolarons as "bricks". Fifth, the stabilization of
the substanc®Q9#/28er to obtain stable conductivity in the PCHESPUNST

No h ' h
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Stop 1. . Credemengther the cpRfuEHHIGYHFuddenlyadigaPReArifi|f f er ent
nacronDIecuIar substances can be chosen as the initial conpound. In their
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2000 arhu. W@MSemdm%ﬁvsetwléuwaﬂE% %ﬁlaﬁgv'él%‘?f’ﬁ%P&FaPaﬁ’aﬁlreé
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initial conpounds Into three broad cl asses:
concentration by volume. This technique is especially effective

in the case of the polyurethanes because microscopic crystals are

10 produced in the amorphous phase of the matrix, causing it to
become more viscous. Note that these particles méy also be used
to enhance the ionization and creation of free electrons. 1In this
case, only 1 vol.% concentration is needed.

15 The essential result of the various techniques for stabilization
is to give the meaium the properties of a solid. In particular,
the inventors have found that sufficient stabilization is produced
when the Young's modulus of the medium is at least 0.1 MPa. In
accordance with this teaching, it will be appreciated by those

20 skilled in the art that other techniques may be used for producing
a Young's modulus of at least 0.1 MPa, thereby causipg the
required stabilization.

The conductor produced by the above method has the characteristic

25 properties shown in column 7 of Table 1. The other colnmns list
the corresponding properties of other known types of conductors.
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mol ecul es aﬂ@mhﬂnk.u Poy byﬁme%k Vawscaler VHHTE f ortes, dhk#hgfﬂppm& _
vi scose | ant i bSREEnp SRR b —Fhe—atEiR e ot —AHP—ony Tegiphr] | zed
by coolinp below the glass] ng tenpeaabie 1 |} - 20 CO)f. dhsvsor|dens.ep purify
APP pri orgt oropmepar 1af pleet™i ¢ab 10Bnduetion ijt i s offt enousefud.1iMea BO
di ssol ve b—¥egulps ol o B chg: MPa MPa . {liquid) .
" Oxygen " J <0.1% ] >30% | maybe 0 some 3-5% | 0.1-13 %
' Content present : .
Static oo ? ? oo ? >4.0 . > 2.4
Dielec. C . .
Low MW dopinglfi ™o no yes yves no no no
II scmatimes

Conduct. lI no no no - no yes no no

|___Particles

[ cConduct. uvezy high high very high | moderate ? low very high

Stability

Table 1

It should be emphasized that a physical model has been presented
in the above description in order to motivate the procedure and
provide a deeper understanding of the essential properties of the
conductor. ' The present:a"cion of this model, therefore, provides
teaching that enables those skilled in the art to perform many
variations and alterations of the details without undue

experimentation. Nevertheless, it should also be emphasized that
the particular disclosed steps for preparing electrical conductors
enable anyone skilled in the art to practice the invention
independent of the model. the operability of the
not dependent on the details of the model.
example, the following procedure describes the steps performed to
produce a particular conductor without making any reference to the

model .

Therefore,

invention is For

Detailed Procedure for Producing a Righly COnduct:in;'r Film
In a preferred embodiment of the invention, a highly conductive
material is prepared in the form of a thin film 30 positioned on
a conducting substrate 32, as shown in Fig. 10. The material
that is produced will have a number of small conducting regioné
34 separated by dielectric regions 36. This type of conducting

film may be used in different types of electrical connectors. For
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The second hydrocarbon that is preferably uséd as the initial conpound S
[*PH  whi ch has t he chem cal formula 35

(-CH((CH err])[err]CH err])CH err]-)n and the chem cal structure shown in

Fig. 2.
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molecular weight 5,000). This mixture will initially be_ a viscose
liquid at room temperature.

Step 2

Dissolve the polymer medium in an appropriate solvent such as
toluene such that the concentration of the polymer substance in
the solution does not exceed 1%. A conducting substrate is
cleaned with the solvent and the solution is sprayed onto the
surface of the substrate'using a gas flow of dry n;;rogen. The
temperature of the substrate during spraying should be maintained
Eetween 40 C and 70 C. The exact temperature and the rate of
spraying are controlled such that the drops of solution falling on
the surface dry before the next drop falls on the same point. The
.duration of the spraying depends on the thickness of the film

desired. Spraving is performed for about an hogr to obtain a film
15 pum thick.

Although free electrons are spontaneously formed during and after
spraying, this process is preferably quickened by UV treatment of .
the film. In the preferred embodiment, a 120 Watt mercury lamp
having a 5 cm tube at a working pressure of 0.2-0.3 MPa is
positioned about 5 cm from the film for 4-6 hours at room
temperature. The UV exposure should be continued until the
ferromagnetic momentum indicates that the mean concentration of
the free electrons in the film exceeds at least 3 x 1017
electrons/cm3. The ferromagnetic momentum can be measured by the
well known Faraday method.

Steps 3 and 4

In the case of a thin film conductor steps 3 and 4 may be combined
as follows. As shown in Fig. 11, a éonducting plate 38 with a
layer of insulating material 40 is positioned close to the film

25
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10 high flexibility, these polyners have a highly anorphous structure and
ttheir glassing point is typically low (usually around -130 C). The first
type of silicon-oxygen polymer is polydinethylsiloxane (PDMS). In one
enbodi mrent, PDVS has three nethyl end groups at 15 each end of the chain
and pr ef er alw@ 912807 nol ecul ar wei ght nore than 300, 000 amPCI/USY/537
alternate odi. nment has thre t he

chain and‘%r{%?’é:rkhbls bﬂﬁg‘yso e%nulaasco&gﬁxklﬁ%ﬁﬁo t han eitg‘oooA@nq%Ee)éaE: eni cal
st ruct uress oapphist kongobibah ﬁ@bt%g\%WW?F F$‘§PP]9’ B 1 THRAS S TRt e

PDVS has aﬁéaa&uerﬂa@tmer@lw od Juei2ds Kygemebetwben PEMS aohdecktoxg do
not form nseque a I S a C
t enper at uFBPERE TS sagéaéhﬁ za%lﬁ oéu’gﬁ& gﬁgt M LaREe by Nl

nis-a I'i shed by cool i ng bel ow the
gl assihg pobwikd becapohiedhdost REPTPERRATELY ERR 4¥Se where PDI\/S has vinyl end
groups,. it is also |n|t|aIIyaV|scose liquid at roomtenperature, but it

be st abil h f
The vinyl TBrtpd nad Shebs HeoRRatidibll brepat apé'ﬁii‘fhmégp*’%‘é‘&%" “M“‘S"‘ef.s 0
Thi's cherrheateﬂeaet péﬁ €arkobe 1 %dl}t@t}f%t t ReeBerabiag, npHEht vaitage -

speci al capplisd REriRy Hedilprevidli® StesSs maintained dur:.ng this heating
10 period. As a result of heating, the macromolecular medium will
transform into an elastic solid and the Young's modulus should
exceed the minimum value of 0.1 MPa. After the completion of this

step the film is ready to be used.

15 If all the steps of the preparation have been completed with care,
the density of conducting threads through the film may be as large
as 10,000 threads/cm?, having an average spacing of about 0.1 mm.
The typical mean diameter of each conducting point on the surface
is 2 um to 4 pm. The conductivity through the film may be tested

20 as shown in Fig. 12 by placing a flat conducting electrode 48
firmly on the upper surface of the film 50 and applying a voltage
between the electrode 48 and a conducting substrate 52 upon which
the film 50 rests. A voltage supply 54 is used to apply the
voltage and an ammeter 56 measures the resulting current. To

25 nmeasure the properties of individual conducting threads 58 in the
film the flat electrode 48 must firmly contact only a small area
of the film surface. In order to prevent damage to the film due
to the applicé.:ion of force to such a small area, the electrode
may be provided with a protective insulating ring 60 as shown.

30
Preferably, the electrode 48 is made of copper or gold and the

insulating ring 60 is made of glass or hard plast1c. The surface
diameter of the electrode can be easily made as small as 10 um to

S0 pm using this technique. Care should be taken that the

35 electrode is polished and coplanar with the ring so that it
properly contacts the f£ilm.

The total resistance of the substrate-thread-electrode system can
be measured and used to calculate an upper limit on the resistance
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linking transfornms the viscose liquid into a solid. Because cross-1linking
iI*s possible in this case, the nol ecul ar wei ght does not need to be as high
as when cross-|inking does not take place. This has the advantage that
activation and formati on of 35 superpol arons can take place nuch faster-
when the nol wowBsdzare snaller. 13 WO 97/ 28107 PCT/US9701537

PCT/ US97/ 01537 The second type of, silicon-oxygen poly R L.C o]
The - comstuahe] Horeafodsr SHPRERSTU WHRaToSuN e ios, RE ot (SRstEate s tnd 2
are repl acahdtrdaedr agal tie f enmmelcasliprancess ashdhe | FPTRET LM YHe
substitution_of _h ' ma K ehe a8 Sduamt@elofsthabi thzedd on
when Cross’t?sl_llnr?kianxg%ggsgsg&?%%@ﬁgﬂggﬁsgaﬁgy didde Wi h hhgedidlyla end.
groups. Pt a%b‘?’ﬁ?e%ﬁ%ﬂ%‘?aﬂﬁ ScuT €8s (down to as sr‘rgli as 2Q00 aﬂg‘l are
used i 1§ orutereado diaveteseof [ Prukipedt BR R JeRITEAAL R M EghtOWS

i ncrease the stabl |idysuchQvitit bet N e 4s tdgnatetantey honet tiam of
nmet hyl si fh rgy%g§,

The conductivity of the threads can be measured more precisely
10 using a current of 200 mA or more. This corresponds to a current
density of.over 10'6 A/cm2, so it is applied in short pulses to
avoid local damage to the electrodes. Current pulses as large as
10-20 A can be used if their half-width is a microsecond or less.
Simple calculations based on measurements of the heat generated in
15 the film as a result of these pulses place an upper limit of
10-5 Q on the resistance of a- thread. It follows that the

conductivity of the thread exceeds 108 s/cm.

Alternate Embodiments
20 Table 2 shows the various conductor preparation parameters used_
for alternate embodiments of the invention.

Note that the fifth column in the table corresponds to the 60%-40%
mixture of two compounds used for producing the film of the

25 preferred embodiment. The procedures for preparing these
alternate types of conductors are the same as for the preferred -
embodiment, with the exception of the differences indicated in the
table which have already been described in detail.
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that are replaced with hydrogen is 25% In order to increase the density of
eross-linking and inprove stabilization, it is desirable to decrease the
nunber of links in 15 the nain chain wthout decreasing the nol ecul ar

wei ght. One way to acconplish this is to substitute | arge diphe roups
for the met hWID%3R#e7 groups. This can be conbined with the ?GB'Q{SXT’Q}gi?’on of

hydrogen v ﬁi‘“"" T TCOPOYTEer i S
shown in|Fig. 5. 2 CEry en‘;f%ingﬁ tioiearly one df the

above si I} con-oxygdin pa&d yrjer pu cgndemdsor B dresps a m;.b@ef
conbi natijon or mxture of |several of t hef above poY: I
One pref '

-10 - 5— -10d, 3
copol yner ﬁh\z?:ﬂb‘ Fifhy!%8nd §°3UDs| and di phenyl $i deisut
preferre Opadoy MElr Neosl NP \eemy| | ersd. B (
side subs}it t@‘{ P'?Eﬂ?ér bR ef & i SRS Tures
used to'p . hd-@«ﬂal Y& atf GoSo @ | (&0 abyva-Pad |
acrylic s ' .5 0253 dr WhRS-1 hr } 0.25-1 hr
Initial 1.9-2. o 1.9-2.0 2.7 2.7 2.7
Dielectric C
Thexmo- n 1-2 hr i-2 hr None None None None None
oxidarion }1100-110 c | 100-110 €
Final contentc 0.1-5 0.1-5 10 10 14 2.8-3.1 6.6-15.7
of oxygen atomic § | atomic % | atomic % | atomic % } atomic % | atomic % | atomic §
UV exposure || 1-1.5 hr | 1-1.5 hr | 4-6 hr 4-6 hr 4-6 hr 4-6 hr | 1-1.5 hr
time
Final >2.4 >2.4 2.7 2.7 2.7 2.7 4.0
Dielectric €
Production || 18-20 C | 18-20C | 18-20 ¢ | 18-20C | 18-20 Cc | 18-20 C 80 C
|_Tenperacure || '
Time for Cond || 2-14 days | 1-7 days | 3-10 Gays | 3-10 days | 3-10 days | 3-10 days | 10-30 min
creation
Stabilization § cool to cool to cool to {150 C for | 150 C for | 150 C for | cool to
Process’ -20 C -55 ¢ -130 C 1.5hr | 1.5 hr 1.5 hr 62 C
.§ Pinal Cryscal K 0% " 0% 0% 0% 0% 0% <50%
Phase Content
Max. Film “ 50-80 pm | 20-25 pm § 15-18 pm | 15-18B pm | 15-18 pm | 12-15 wn | 20 pm
Thickness .

Table 2.

To initiate conduction through a thread a small voltage may be
5 required. For example, about 3 volts applied through a 1 MQ

resistor chat limits the current. In addition, it may be required

to apply pressure to the surface of the medium, typically on the

order of 0.5-5.0 kg/cm2 for small areas and about 5 kg/cm2 for &

sqﬁare centimeter. Note that this pressure is easily achieved
10 (100 g on a 1 mm diameter probe is over 10 kg/cm2) .

It should be noted that it is possible to enhance conductivity by
carefully "traihing" the sémples with a long set of current pulses
of gradually increasing amplitude. Smooth bell-shaped pulses with
15 1-10 ps half-width repeated at 1-10 Hz are used. The initial
pulse amplitude is 1 mA or less per channel and the final pulse
amplitude is 10 Amps per channel. The amplitude is increased
linearly with time for 30-60 min. Well-trained "young" samples of
silicon based polymer have maximal current amplitude of about 10
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all owi ng cross-1linking under shortwave UV treatnment. Therefore, it will be
appreci ated by those skilled in the art that other side substitutes may be
used in accordance with the teachiing of the 35 invention in order to obtain
t he necessary conditions for stabilization. Anyone of ordinary skill in the
art woul d cowmaigrestoguch al ternate;side substitutes obvious PETWESENIST t he
teaching provided herein. Nbreovér, other nixtures may b r oduced to
facilitat erFpY TesRelon GmdEER] SSPPF AR "GRAL oRRASS §28s %ﬁ? |2 mpsimal
REPLACENEWC&EEEHScDrrEh)t yaf eiviean280 Thmps/chanaél cofeddntrateed fsemplés
creation of, ﬁhﬁegg g E%SEBMﬁ@ié@ éﬁ%cggvg¥$f'HE@&Ehgnphéﬁé Rhses while

era

pol yur et hanes éurethan

copol ycondEAEEY1R: B%tf%ﬁ EBnﬁBnEHF eng. 4 ﬁﬁtﬁ§F8ﬁéb|5ﬁ% % gﬁ%?ﬁng?% and
pol_y (®ut banpheg | igc ahowdi phnBig, Ihos&hibenraining rtectxm@se aran enbancén

the conductivity by ralslng the allowed current densztles and by
lowering the resistivity. ’

It will be clear to cne skilled in the art that the above

10 embodiments may be altered ln many ways without departing from the

scope of the invention. For example, the initial macromolecular

compound used to form the conductor is not limited to those

specifically discussed in this disclosure but may be any

macromolecular substance that satisfies the conditions for the

15 formation of stable superpolarons as disclosed in the teaching of

the invention. -Other meqhods may be used for inducing ionization

of the macromolecular medium and for inducing the creation of

superpolarons and threads. Moreover, it is obvious that these new

conductive materials have application to any technology that uses

20 previously known condﬁctive or superconductive materials.

Accordingly, the scope of the invention should be determined by
_the following claims and Fheir legal equivalents.
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Fig. 6. The factor n is chosen_so.that the second-conponent has a nol ecul ar
:wei ght around 2000 anmu. During copol ycondensation the two conponents are
connected into large |inks. Th(ﬂlm mIHI I“Hln l nmer has the cheni cal
structure shown in Fig. 7. Thislipe Bomes a high-concentration of
speci fic chewces2sgroups (i.e., Ac=0)” havi ng | arge di pol e nReBYSI?0153A vi ng
it alarger static dielectric constant of about 4. The oxygen content is
preferably between 6.6% and 15. 7% Us@&RMIMS t is near 12% The preferred
nol egul g_r w@:&t%imqf this conpound is between 4500 anu and 10,000 amu. It
can be dissolved in variqus .organic sol ven OL o SRR

di met hyt f o ham%lé“.aterf?ii gkb%‘ﬁpggfegﬁo?%eofgrsé\%?%%sé%orrpou]ﬁ’ & {fstusse an i s
conmpourdl may belafarS/ica |neay yeaou |Yenperaturgomthenp@teriprd CRPPRIEH a

% yst gli i ne phasiﬁ:s%hn&i‘ﬁii?%\ﬁl@@ﬂ faCHbthd UdHuiL AN @Wmﬁmmsvohm.

I s Ro} yner, ver.. may be converted.t.o a e A4S eb
heat i ng‘1 above %g},%voéh’&? §858?55|%¥36%%3th5\%§ glgggf O%Err%y i 1 _cngn%(\déze%ﬁglggf Y
cool ed back dowenductivie messzialurbat mrapstamslablyt PantdcipatRay 20t bhe
hours of days feindub@i¢ivyicd Itheemaeetsdl. to reach equilibrium

7
1 2. The material of claim 1 wherein the substance has
2 Young's modulus greater than 0.1 MPa near room
3 temperature. '
4
1 3. The material of claim 1 wherein the substance has an
2 oxygen content between 0.1 % and 13 .%. '
3 ' o '
1 4. The material of claim 1 wherein the substance has more
2 than 76.8% single bonds. '
3
1 5. The material of claim 1 wherein the substance has a
2 static dielectric constant whose value is finite and
3 greater than 2.4.
4
1 6 The material of claim 1 further comprising hard
2 microscopic nonconducting particles.
3 .
1 7. The material of claim 1 wherein the conductivity
2 " exceeds 1011 S/cm at room temperature.
1 8. The material of claim 1 wherein the material
2 significantly violates the Wiedemann-Franz law.
3
1. 9. The material of claim 1 wherein the substance is a
2 nonconjugated polymer in a substantially solid state.
3 _
1 10. The material of claim 9 wherein the polymer is.
2 chosen from the group consisting of a hydrocarbon,
3 a polymer having a silicon-oxygen main chain, and
4 a polyurethane.
—_— 30 ' L
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All the initial chem cal conpounds discussed above—immy be used for the

el ectri

cal

conductor preparation, as well as variations of these and

al ternate conpounds as woul d be oﬂmmml I“H Ell killed in the art in view
of the teaching contained herein. I} AR ¥een shown t hrough the

alﬁove erarrplwaesvmaimexpl ained in thé theofetical descripti onPCEUSEMIFIpri at e
chem cal su

may beSbased on different main chain constructi ons. - The substance need only
have certain physical pnaperthes. matlefripart ioful @laim I8 | sfhextesiry the

W7/ 2

conpoufid nust be in an am)rpmfu
stages3of the preparation of CPREIEBHRGCRT VR IEERT A2t Hfe

107

bstance may have quite a different fine chem cal structure and

drocarbon  is chosenPCELURITARES3 Grichig i al
S viscose_liquid state durllr;g} cert

i ypFpyiche

di el ecyric constant of the igh8i ékididgdisdtavsic lyhexbhe. of reaching

more t

an 2

.4 after the conpound is S activated. The initial conpound

(after~any cross-linking) should have a |low nean fraction.of conjugated
pi ecesl Preferably, the lBonc@her Bersriat f rgtarhdfd S&Pdtgs ?gg?eerr

than 7. 8% of the having a silicon-oxygen main chain is formed

hWNPhwNHbuNHUNHthNHG\mthH\lmmbu

14.

from a polydimethysiloxané having a side
substituté chosen from the group consisting
of a methyl group, a hydrogen groups, a
diphenyl group, and an acrylic side group.

13. The material of claim 10 wherein the
polyurethane is formed from the
copolycondensation of 4,4'-methyl enebiphenyl
isocyanate and poly{buthyleneglycol
adipinat).

An electrical conductor comprising a substantially solid
mostly amorphous macromolecular substance having regions of
stable conductivity of more than 106 S/cm near room
temperature. '

15. The conductor of claim 14 wherein the substance has
more than 50% amorphous phase.

16. . The conductor of claim 14 wherein the substance has a
Young's modulus greater than 0.1 MPa near room
temperature.

17. The conductor of claim 14 wherein the substance has a
static dielectric constant whose value is finite and
greater than 2.4.

18. The conductor of claim 14 wherein the regions of stable .
conductivity are quasi-one-dimensional electronic
threads.
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total nunber of chem cal bond nd must be a

fracr onol ecul ar substance having a m)l ecu ht of at least 10 2000
anu. The initial conpound nustum W I operty that it can be
stabilized after formng the co y cross- linking or by

cool i ng dowWea87:2810%knper at ur e where the matrix becomes suf f PETERRTINSIZt abl e.
Fi nal |

shoul d _be, noted that . the selectiqn of the. d may
also b s&%j ech mefrbpg rlfé’&n?fra PEIPg R BRE§HRR 5??‘?5?]?111130%%31]1 %g er
whi ch 2he condeftandnckiviventtuie mpthéd usmbrising: 2 Activati ng the
ctnrm?uad The ?ﬁmfngt ai ﬁféinﬁﬁ’ do&p&Qsﬂs&e&_{r ﬁﬁa%réﬂdlé’&ﬂ&ﬁb&bétsﬁ@&l e freeI 20
el ectrgns in the macronol ec ium e activ n s.seyera
steps Conmon t¥ERFF2THY |’H?‘frr'%ﬁ°ge%‘gt%cle%n r(‘.% ﬁéén) gg%g?éér’l%%sj &'gwe
requi r& additional mestiags due to their particular characteristics. 25 In
Olrder 60 creat frflédcﬁbigethéeﬁr@é @IechBSﬂ‘snté r&rﬂiﬁﬁbﬂdﬁ&tﬁ@i@ &hr%tlﬁiﬁﬁglthe
el ectrgns nust first t hen_stabilizedg n . ar
medi um9 The i nvent% o?régﬁﬁgéval gco&erre - That s?abl g'%f reest/leEF“eg?r g(r%rsmgg(é%be
creat e@ under circurarmeyesyreheans f | exi bt e macronol ecul ar chai ns havi ng
pol ar gheni cal sGpoERBL DAELY sol:.d:.fy:.ng the medium to stab:.l:.ze the

10 conductivity.

-
i

20. The method of claim 19 wherein the substance, in its
initial state, is an electrical insulator, has more
than 76.8% single bonds, and has a molecular weight
more than 2000.

21. The method of claim 19 wherein the substance'comprises
a hydrocarbon.

22. The method of claim 21 wherein the hydrocarbon is
atactic polypropylene (APP).

23. The method@ of claim 22 wherein the APP has a
molecular weight more than 4000.

24. The method of claim 21 wherein the hydrocarbon is
isotactic polyhexene (IPH).

25. The method of claim 24 wherein the IPH has a
molecular weight more than 300, 000.

26. The method of claim 19 wherein the substance comprises
a polymer having a silicon-oxygen main chain.

27. The method of claim 26 wherein the polymer is
polydimethylsiloxane (PDMS) and comprises methyl
end groups.

BOwW N R WN K WN R WN WD R WN P WN WU, Ww N
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30 adsorbed on the surface, or_if nnrrnnggul_es_paftici pate in the
surface interphase interaction betvveen t wo di f|L|i#ent phases which are

present together in a heterogem rom a thernodynam cal
poi nt of view, electrons can be ree state only if the

macr onol ecul wosese7 and the el ectrons are 35 strongl y solv 1{P13he

pol ar medi um giving the necessary ener ti.c.ga 0 _pr.ev
bondi nd.  From a- ki neti c2%oi rRheofeipad, ’? %2 l?%lp?‘?‘é"r(r?f‘a Igﬂ#é%/as a

i nprobabl e due to the high emm@y:umarﬁnei&éhtomﬁre\khamtwpsoﬂ%qu| red. But it

s wel I3 known to those skilled in surface chenmistry and heterogeneous
. catalysis 16 WO 97/ 28107

PCT/ USF7/ 01537 t hat 28er tBhe Peokedsef fhail 4% WBPRELT, TPE BodyBst s
hi ghl y 4 nprobabl e in thepbw&mhlemllqpcMe(We and t¢rmpstisesc igty la
nediumg In particular, vﬁiﬂr&% sol ecul e adsorbed on a solid surface has a

| arge energy of adsorption causes the nolecule 5 to be in specific
conforrftions that enhance its polarization and '

30. The method of claim 29 wherein the PDMS has a
molecular weight more than 15,000.

31. The method of claim 26 wherein the polymer is a
copolymer comprising methyl side groups, hydrogen
side atoms and vinyl end groups.

32. The method of claim 31 wherein there are
approximately three methyl side groups for
each hydrogen side atom.

33. The method of claim 31 wherein the copolymer
has a molecular weight more than 2000.

34. The method of claim 26 wherein the polymer is a
~copolymer comprising diphenyl side groups, methyl
side groups, hydrogen side atoms and vinyl end
groups. '

35. The method of claim 34 wherein the copolymer
has a molecular weight greater than 2000.

36. The method of claim 26 wherein the polymer
comprises acrylic side groups.

37. The method of claim 19 wherein the substance comprises
a polyurethane produced by copolycondensation_of a
first component and a second component.

38. The method of claim 37 wherein the first component
is 4,4'-methylenebiphenyl isocyanate.

hJNH#NNHNNHWNHMB“NHWNH#WNHPwNHwN'—'
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def ormati on. As a result, the +onizationm potential can be dramatically

rreduced. In short, while the macro buI k may be difficult to
ionize, the same nol ecul es adsor bed BmmlEm m&? can be ionized easily,
perhaps with the help of 10 rel at tlon factors such as-

t her nof | uct IM@P28ODr exposure to UV radiation. Once a st abPEVHEYO4T33n has

been created at the surface, it is_then desorbed. froqmthe suyrface and
mgratés into the VlunEhg mMeEhadi @b Bdealse ?héﬁb‘?’ﬁﬂél S afS58 i t e

sl ow, 2t nmay take days aforpeeenvweik pdlyr{bachylgnmegiyceht adivigmtdf. 15 free
el ectrens to accurmul ate in the volume of "the material This tine can be

reduced however, if the ratio of surface_ar a to nme-i.s
duringlthe activation stifye Fbe e uet of %?’Epgl F‘Sﬁel’é’ \{:%% fitha

-activaRi ng the nedi um whi |l e icomdonendr hast aa mdiaemxfllalrmwezahthé“qﬂer sthasn age
of thejactivation in the prefgpged enbodinment is to increase the ratio of
surface area to volune by formng a thin filmof the macronol ecul ar
substaﬁce on the surface of a solid substrate. Although filns as thick as
100 [etr]m have beedl pr cthecatetidéd -of e€dadbl 37 t Weereim the polvmrthans of

20 [erplmto 30 [err]m yxCePhmoli@kular weight greater than 4500.
3
42. The method of claim 19 wherein the material is in the
form of a film having an approximate t:hick_néss between
5 microns and 100 microns.

43. The method of claim 19 wherein the medium further
comprises microscopic non-conducting particles.

44. The method of claim 19 wherein the generating step is
performed by exposing the medium to UV radiation.

45. The method of claim 44 wherein the medium is
exposed to UV radiation for at least 1 hour.

46. The method of claim 44 wherein the medium is
exposed to UV radiation until. the conce_ntration of
free electrons in the medium is at least about 3 x
1017 electrons per cubic centimeter. '

47. The method of claim 19 wherein the generating step
comprises increasing the surface area of the medium.

48. The method of claim 19 wherein the generating step
comprises placing the medium in an electric field.

49. The method of claim 19 wherein the generating step
comprises heating the medium.

50. The method of claim 19 wherein the generating step

N W NP WN R W R WD W NN R WN R W NREWNDREB WD

comprises ionizing droplets of the substance.
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t he silicon-oxygen polymer filns which have a preférred t hi ckness of 5
[rerrlmto 15 [err]m The nature of the solid substrate is not very

significant and could be a neta ' duct or or any other solid
t hat does not react chemically Wllmﬂmuﬂﬂmmn Pref er abl y the filmis
formed on t hwoseesiare of gold or *gl &sst The 5fi m may be pre%ﬁ?@@’%?sn
techni ques wel | known in the art, such as by nelting. The filmmay al so be
prepar éd by dissolving the conpound in a solvent, spraying the_ solution
over the surfase. oftidiemethsdr aife ahdinydfor whengint kdes ol BAREINT . F&ePpeed
the 35, evaporati orboqﬁ%q_%gg,%egmgf ih@ mBgike heated, preferably to
t enperat ures between and 70 C, except for the pol yurethane conpound
whi ch Bs preferably heated near 80 C so that it is well above.its neltin
FF))?:.T /nb s%f/gz C. 5bot ertidiamethotiheoff | EAmiim f1? nebergin YhS o¥R9REHNg step

' 7/ 01537 by spuiball0s@biSitidy Rte @i be idov @ibrax junadeesergy. be
enhanced by ioni zi ng thesggozgé%s ggﬁ%hey are deposited. -

53. The method of claim 19 wherein the inducing step
comprises subjecting the medium to microwave energy.

54. The method of claim 19 wherein the inducing step
comprises subjecting the medium to an alternating
magnetic field.

55. Thé method of claim 19 wherein the inducing step
comprises exposing the medium to an electric field.

56. The méthod of claim 55 wherein an electrode is
used to expose the medium to an electric field.

57. The method of claim 19 wherein the solidifying step
comprises inducing cross-linking between the
macromolecules of the medium. '

58. The method of claim 57 wherein the cross-linking
is induced by heating the medium.

59. The method of claim 19 wherein the solidifying step
comprises cooling the medium below. its glassing
temperature.

60. The method of claim 18 wherein the solidifying step
comprises doping the substance with hard microscopic
particles.

61. The method of claim 19 wherein the inducing step is
enhanced by doping the substance with conducting
microscopic particles.

B WN R R WN PR B WNNPR WD RWNPRWNEEWNDR & WD W N e W
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If the initial conpound chosen was—ere—ef—the—hydrocarbons, then 5 the

activation step includes a thernpox | . LImin order to
i nt roduce oxygen-contai ni ng pol ar ga n Hﬂ uh f !ls heated in air at a
tenperature of 100 Cto 110 C for 1¢° - ct duration of the

heating may o exestorol | ed by nonitoring the | R-spectrum and PER&ISPEO1537

di el ectric constarnt of the filmuntjl .10, th indicafe h < f
carbonyl group82- Vil metdogoRf eRtat 139x§a€ﬁﬁ¥%a?c%§l§r“?e§_’s"? 8 ?%?8% c %
and the static di el esiducriocitst abiroughchbe materia} by paggidg electric

t her nogxi dation is LhBroddie fext stage in the activation of the film
I s the exposure of the filmto UV radiation in order to hélp adsorbed
macr ondl ecul es becone ionized. In the preferred enbodi nent, 'a 120 Wtt
mercury | anp havi ngé®. 5 The tmelthodt of abakmnnip wheredneeafhod. the mpPgess

posi ti gned about 5 cm f rgye theidddtDonAbeteekar 1nps hand 010 esgpodibey oidsef | | m
to simlar WV radi ati on, _however

W LI _be suff.j.ci 0 niacal k
exposure tine under the HERSHEREYNAFt *’Sﬁ“s'e_?% l{'f ) %8’3}-1% %é(%g‘lbrgéfpgra t he
si |i com oxygen pol ymers eiwxentamern yyiread ynexgeses feomslesthothan md
exact duration of exXpoSUEs BRRtbeocRNved bpgrbyimaulyoshatdde magnetic

properties of the film From an analysis of the formand intensity of the
dependeﬁnce of the

64. The method of claim 19 further comprising the step of
thermooxidizing the substance.

65. The method of claim 64 wherein the thermooxidation
is performed by heating the film to at least
100° C for at least 1 hour in an atmosphere that
includes oxygen.

66. The method of claim 64 wherein the thermooxidation

~ is performed by heating the substance until a high

sensitivity IR spectrum shows the appearance of
carbonyl groups.

67. The method of claim 64 wherein the thermooxidation
is performed by heating the substance until its
static dielectric constant is at least 2.4.

68. The method of claim 19 further comprising increasing
the ferromagnetic momentum of the medium.

69. The method of claim 68 wherein the medium has a
static dielectric constant greater than 2.4 after
the ferromagnetic momentum is increased.

70. The method of claim 68 wherein the step of
jncreasing the ferromagnetic momentum comprises
waiting until a maximal ferromagnetic momentum is

reached.

Wb W R B Wl WN R WNRWEe WU B WD WNDR
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25 'ma_gnetic noment on the ‘applied ext—eeﬁal—nﬂgﬁet‘ﬁ"f_"l d, one can

determ ne the concentration of stable the film Wen the
concentration of free electrons is at mﬁmﬁmﬁl\m@ﬂ ectrons/cnB, then

the WV irradiation is conplete.* It sho st hat over exposure to W
radi ati on cawobbegrto break the 30 main chains of the nmacPEHYPEAIIAEs. To

enhance the diffusion of the | oni ze ecu dih RS
duri nglt he activation st qtﬁ?f m‘{ealénub—ﬁgc té‘eg{;}% gnﬁ%n or
vi brat kon. For exanple, ul tra’sammdnarmyetb’ec appmeeeur%reee gi 138 ain fhe

W cni er3r] or in pulses of highgigd NtENsi tGaussTheodi 6f ustaussmyatal sodre
enhanced by heating the nmedium to reduce viscosity. 18 REPLACEMENT SHEET

19 Stef 3. Creating super pdtaFsHE SR8 i nventors have di scovered that the
poI arorss that are created

72. The method of claim 68 wherein the step of
increasing the ferromagnetic momentum of the
medium comprises heating the medium.

73. The method of claim 68 wherein the step of
increasing the ferromagnetic momentum of the
medium comprises the substeps of
placing the medium in an electric field; and
extracting a portion of the medium having

increased ferromagnetic momentum.

74. The method of claim 68 wherein the step of
increasing the ferromagnetic momentum of the
medium comprises the substeps of
placing the medium in a magnetic field; and
extracting a portion of the medium having

increased ferromagnetic momentum.

75. The method of claim 19 further comprising monitoring
the generation of free electrons.

76. The method of claim 75 wherein the monitoring is
performed by measuring the ferrcmagnetic' momentum
of the medium.

77. The method of claim 75 wherein the monitoring is
performed by measuring the static dielectric
constant of the medium.

hWND—'ihw(\)l—leH\lmthNHQmthNH#UNH
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and diffused into the macronol ecul ar nmedi um during the activation step can
contact each other and formstable nultielectron structures called
super pol arons. Because increased ferromagnetismis indicative of a
col l ective behavior of electrons due to a quantum nechani cal exchange

i nteracti on,wblgzgioesence of superpol arons can be detected Ppgrmssigisss ng
the ferromagnetic nonent of the polyneric medium Note that the
accunul ati on of polarons and superpol arons can al so be nonitored by a

measurenent of the static dielectric constant of the nedium = The
ferromagnetic saturation appears to occu ‘Aﬁ30.5-5.0 kGauss at room
t enperat ure. The tinme needed to reach ferromagnetic saturation depends on

the initial compound used and on the thickness of the fil mbecause the
m gration of the polarons fromthe surface and their collision within the
volume depends on the diffusion coefficient of the substance.. Typically
this time is fromseveral hours to several weeks, but may be nmade shorter
by certain techniques such as heating the substance or exposing it to
m crowave radiation. Mcrowave power |evels may range from 100 Wto 10 kW
where the higher power levels are pulsed to avoid overheating the
subst ance. The m crowaves resonate with the
s

HC—CHy

’ \
- - -—CHjy H?—- .

CHj3

FIG. 1

FIG. 2



pol arons and increase their nutual attraction. Mtivated by experinental

evi dence and certain theoretical assunptions, the inventors have di scovered
‘that the naturally occurring superpol arons may be joined together into |ong
super pol aron threads provided that their concentration is high enough. It
i s estimat edwolaaesieich j oi ni ng of . superpol arons requi res aPERVRIINAIBAL I on
of at least 10[err]-10[err] superpolarons/cnferr]. In order to obtain
sufficient concentration for this joining, the nediumis subjected to
enrichnent techni ques. Because t he su&er gar ons have a magnetic nonent
and can be strongly polarized by an ele V{) field, the application of
external electric or magnetic fields can be used to concentrate the

super pol arons. Based on this teaching, it will be appreciated by anyone of
ordinary skill in the art that many techni ques are possible for
concentrating the nunber of superpolarons in the nedium WO 97/ 28107

PCT/ US97/ 01537
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One exanpl e of such an enrichnent technique is showm in Fig. 8. A viscose
medi um 20 cont ai ni ng superpolarons 22 is placed in a small cup 24 nmade of
an appropriate dielectric material. The 5 preferred dianmeter of the cup is
5-6 mm al though other dianeters are possible. A sharp tip of an el ectrode
26 is pl aced WQ9¥87edi um near the center of the top surfad®H¥R"M5HT gh
vol tage is applied through a high voltage power supply 28. Preferably, a
voltage of 5-10 kV is applied for several hours. Many 10
superpol arons are naturally drawn towdr dréh §I ectrode tip and concentrated
t here. The super pol aron-enriched nediu Lz he vicinity of the tipis
then collected. This technique can be perfornmed with nultiple electrodes if
15 desired. It should al so be noted that this procedure can be perforned
anal ogously by the application of a nagnetic field instead of an electric
field. Stop 4. Formng a conductor fromthe conpound 20 Once the
macr onol ecul ar nedi um has been enriched to a sufficiently high :
concentration of superpolarons, the naterial can then be used to form
several types of conductors. For exanple, thin conducting filnms can be
formed with the direction of conductivity .

CHy CHy H | CHy  CH CH
.o -—fi-o'—§i-o—?i-o-?i-o-?i—cn
A H L CHy CH

HC CH HC .CB CH
I PN 5
HC, ,CH HG, ,CH

: .
i Nen e
HC, ,CH HC, ,CH

CH CH

FIG. 5



perpendi cul ar to the plane of the surface. In the case of filnms 25 that
are thinner than the average |l ength of the superpolarons, the enrichnent
process is not necessary for conduction through the film because the

- superpol arons are already | ong enough to conduct through the film The

enri chment ocwesmiomever, produce a |arger density of condu®CTrA$oIunsIel s
through the film For films nuch 30 thicker than the average superpol aron
|l ength and for the creation of long wires, however, it is necessary to join
the superpolarons to formlong conducti nduégeads in the nmedium Having
created a sufficiently large density of pol arons by the enrichnent

t echni que, the superpol arons can be joined by techniques that 35 induce
attractive forces between nei ghboring superpolarons. These techniques,

i ke the enrichment techniques, are based on the fact that the

super pol arons have <3Amag|'1emiecl:lri'rl:)ehe-r'mm&\nt and can be induced to have a
large electric di pgfjeipHeayl Thus, electric fields, magnetic fields, or a

conmbi nation of el ectrijgsapdnmmapetic 20
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WO 97/ 28107 - PCT/ US97/ 01537 fi el ds
may be used to induce the superpol arons to join together formng | ong
conducting threads in the nmedium Oné approach to formng a conductor is to
expose the mediumto a 5 strong honpgeneous electric field, for exanple, by
pl aci ng t he wedarestdbet ween two metal plates and applyi ng a HeHHSVOIBAge
across - the plates. Due to the induced electric dipole noment of the
superpol arons, they will tend to rotate so they are al i gned paraIIeI to the
field lines. In addition, the superpot arghztg\n tend to link . .up
end-to-end, as is shown in Fig. 9. Note sone of t he super pol arons may
join together in this manner during the enrichment process as well.
Alternatively, the sanme dipole attraction-illustrated in Fig. 9 is also
created when 15 an alternating magnetic field is applied to the material.
The fl ux change i nduces -an alternating electric dipole nonent in the
polarons that results in their nutugfattraction. This mutual attraction

can be enhansed by doping the nedi- i Croscopic
particles. Not e that, althoughé+t ductive, they
do not participate substantially in e high conduct|V|ty tjhrough the
mat eri al . 24
' 20 22
28
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Dependi ng on the techniques used to speed up the creation of superpol arons,
tthis process may take as long as several hours. 25 The nacronol ecul ar
mediumwi | | then have nunerous conductive threads. In principle, there is
no theoretical Iimt to the Iength of an electronic thread that nay be
formed. Anot wers7asetod for creating superpol arons and | ongePCTHBEMIBTi s to
30 place a thin filmof the substance on a conductive substrate and pl ace
an electrode on the surface of the film. The electrode is initially used to
apply an electric field that induces the_creation of superpol arons. \Wen
conduction through the nediumis i nitiat6d §owever, current pul ses are
sent through the conducting 35 thread. When the thread can carry a
significant current, say 100 A/lcnferr], then the electrode is raised
slightly. The filmshould be kept in contact with the raised el ectrode by

the application of pressure on the sides or by other techniques. 21 WO
97/ 28107 _ - PCT/ US97/ 01537
' ' conducting
thread
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Stop 5. Stabilizing the conpound Once the conducting superpol aronic
t‘hreads have been fornmed in the nedium they are generally stable
structures. Brownian notion of the polynmer segnents, however, wll| cause
the threads to be 5 displaced within the nmedium In partlcular t he ends
of the threaWORSWT not necessarily remain at the surface o fPCAYISIHMEI M or
at the-same place on the surface. Consequently, it is necessary to
stabilize the macronol ecul ar nedium so that stable electrical contact with
the threads can be established at the 10,su ﬁﬁ The stabilization of the
medi um can be acconplished in several way /ﬁ e flrst way to stabilize the
medi umis through cross-linking. As discussed-in the above description of
the initial 15 macronol ecul ar conpounds, if specific chem cal groups are
included in the initial compound, then cross-1linking nay be produced
between the macronol ecul es, thereby causing the mediumto transformfroma
viscose liquid to an elastlc solid state at roomtenperature. The
cross-linking results in the appearance of a 20 nonzero Young's nodul us,
which is a quantifiable neasure that the nmedi um has transforned into a
substantially solid phase. In the :

5@et er
56 ::::

60 48 - ' ' Voltage

so L1y _|pJ 540 | SWPPLY

L |-

58
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Film
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52
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case of the silicon-oxygen polyners, cross-linking may be produced by
heating the substance at 150 C for 1.0-1.5 hours. 25 Another way to
stabilize the nediumis to increase the viscosity of the matrix so nuch

that the Browni an notion becones negligibly small. For exanple, the
anor phous powomnesientri x nmay be cool ed below'its gl assing t ECHAISATNSY.-
Al t hough such a cooled matrix is still aliquid in principle, its viscosity

is so high that it has 30 the properties of a solid. For conpounds with
a gl assing tenperature bel ow roomtenperajure, the stable operation of the
conductor nust take place at a tenperatur ,6éBom1roon1tenperature. Sone
‘conpounds, however, have a gl assing point above room tenperature. For

t hese conpounds, the steps of preparing the 35 conductor take place while
the nediumis heated above roomtenperature. Wien the nediumis then cool ed
to roomtenperature, the conductor naturally stabilizes. In the case of

pol yur et hane, cooling below 62 Cis connected with the fornmation of

m crocrystals in the macronol ecul ar medium It should be noted 22
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WD 97/ 28107 | PCT/ US97/ 01537 that i f
t e tontent of microcryst al- exceeds ‘approxi mat el y-'50% by voktire:- t-hen-t e

BOIVEECEVERt tﬁﬁéﬁeﬂsab&eéu&appears Yet another way to i’ 1853
af _the mpeoronplecnlar B nptrix is tao intradiice snall

mecr oscopild/B@¥ticles into the matrix. PTémer abl y, 4:06@ #ng
weal | non9 conducting balls having a di anetSendesf 0. 0141532 up
-xNundset:r at i on by volume. This technique issabpeeially effective i'n the case
ShpdmhRo DOL ¥ UL St §RNE8p DEGaENE N Croscopi C Cirypd:al s 215 g 4F 0duced in the
amor phous phase of the matrix, causing it .to becorre nor
t hese partiRts=30L#BCTal so be used to enhance the ionization and creatlon f
free electrons. In this case, only 1 vol. %concentratlo llllmmltmﬁ“lltﬂsl!ll
The essential result of the various eteshsgques for stabi ve
t he nedi umﬁé’ngflgm_pertles of a solid. In particular, the |nventors have

found t #cltaetnt s% M?é%:“?'g“% prtaq)lig_ed D\téﬂg?jh‘;l@y %r Q,grs nodul us of
t

7

5

t he rredl umls a acSor dance t will

be appretiated BY t‘ﬁ{)‘é"é nRIr IRPP| BRFRERAEYES ohe: FaFeTiate F°F‘B’6+ﬁf1 é‘s may be

used for3 pr Oducpwgstant:.ally solid macromolecular substance having less t
4 50% volume percent crystalline phase, and absent additional
" . conductive material that substantially participates in the
conductivity of the material, wherein the substance has
Young's modulus greater than 0.1 MPa near room temperature.

2. The material of claim 1 wherein the substance has an
oxygen content between 0.1 % and 13 %.

3. The material of claim 1 wherein the substance has more
than 76.8% single bonds.

4. The material of claim 1 whe_rein the substance has a
static dielectric constant whose value is finite and
greater than 2.4.

5. The material of cla:.m 1 further compr:.sxng hard
microscopic nonconducting particles.

6. The material of claim 1 wherein the conductivity
exceeds 1011 s/cm at room temperature.

7. The material of claim 1 wherein the material
significantly violates the Wiedemann-Franz law.

8. The material of claim 1 wherein the substance is a
nonconjugated polymer in a substantially solid state.

9. The material of claim 8 wherein the polymer is
chosen from the group consisting of a hydrocarbon,
a polymer having a silicon-oxygen main chain, and
a polyurethane.

10. The material of claim 9 wherein the
hydrocarbon is chosen from the group
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a Young's nodul us of at |east causing the required
stabi'l | zat'i o~ The eonductor. d)mmlmm“u"ﬁ mkove met hod -has- the
h 7
rnl uons ? *Eﬁ'?fsrg?épqnnn)meﬁasn?mpt?l,gg Sl(i]tmot hgr kno ]kﬁr]. 5 I z
M&A& NQY 1997

denduct or /1897 WO 97/ 28107 Time:
lgesy US97/ @1537 Metal s Supercon- Csegdér: Com:na
tNudiber: Ceram cs ducting gated of sasjbotier I nvention all oys

an - in filnms Mol aly 4 gl L¢ inorganic |ow
Sadg %nglr\é)%yu?{ﬁ?%%&w%?gh Wi ght ?ﬁw‘ a1 3FIRLT ? R
netal 70K-K&@0ko1.#T000 Room Tenp. < 1076 < 10" low, SC < 10°5 >
106 > 10 11 > 10711 Conductivity S/cm S/cm.at T<12K S/cm S/cm
S/cm o/ cm Crystal - Pol yconsf¥ding of Gidigeéd dtakyic polypropyleneo| % <

50 vol % jJinity crystal crmagxid,_zed mgﬁglelpoilyagk&@onds N A Many
Few, mangl Few, many Many

11. The material of c¢laim 9 wherein the polymer
having a silicon-oxygen main chain is formed
from a polydimethysiloxane having a side
substitute chosen from the group consisting
of a methyl group, a hydrogen groups, a
diphenyl group, and an acrylic side group.

12. The material of claim 9 wherein the
polyurethane is formed from the
copolycondensation of 4,4'-methylenebiphenyl
isocyanate and poly(buthyleneglycol
adipinat).

13. An electrical conductor comprising a substantially solid
mostly amorphous macromolecular substance having regions of
stable conductivity of more than 106 S/cm near room
temperature, wherein the substance has a Young's modulus
greater than 0.1 MPa near room temperature.

14. 'fhe conductor of claim 13 wherein the -subs':ance has
more than 50% amorphous phase.

15. The conductor of claim 13 wherein the substance has a
static dielectric constant whose value is finite and
greater than 2.4. ' '

16. The conductor of claim 13 wherein the regions of stable
conductivity are gquasi-one-dimensional electronic
threads. ' '

17. A method for producing a material comprising stable regions
of conductivity, the method comprising:
- forming a medium comprising a macromolecular substance;
géneratihg macromolecular ions and free electrons in the
medium; '
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doubl e doubl e : -100% > 10 4 >110"4 > 10M4

> 1073 2 0. ..> o 1 I\/Pa | || !]Mi Iﬂl e NRB L VB e

(II 3-5% 6.1713
Ygﬂté‘%ﬂn ééq’ent Succes ) pr esent Static Q2 3 ‘z

Yo:4. 0 TP18op el ec. _C Low lvwdo"'_p| ng nor-m.

30s: ng sonetimes Conduct. 8 NQ&I 37
Q?lﬁmber- no Particles Conduct. very hi gh very ?u gh noderat e

'ow Veéry high Stability Table 1 It shoul haS|zed t hat a physi cal
DRI HEN Pr@SENLYEE in the above d §8‘r| FEPHFEYer to notivat e

t he proceduig-ndperovi de a deeper under st andi ng of t he essenti al
properties of the conductor. The presentation of this m)del t herefore,

ari atgns-and SPEETR (BRCE THE RS oy i RERBAEHR ek Sad LG TR

onductivity greater than §/cm near room
8 " temperature; and
9 . substantially solidifying the medium to stabilize the
10 éonductivity and to produce in the medium a Young's
11 modulus greater than 0.1 MPa. ' '
12

18. The method of claim 17 wherein the substance, in its
initial state, is ‘an electrical insulator, has more
than 76.8% single bohds, and has a molecular weight
more than 2000.

19. . The method of claim 17 wherein the substance comprises
a hydrocarbon.

20. The method of claim 19 wherein the hydrocarbon is
atactic polypropylene (APP).

21. The method of claim 20 wherein the APP has a
molecular weight more than 4000.

22, The method of claim 19 wherein the hydfocarbon is
isotactic polyhexene (IPH).

23. The method of c¢laim 22 wherein the IPH has a
molecular weight more than 300,000.

24. The method of claim 17 wherein the substance comprises
a polymer having a silicon-oxygen main chain.

- 25. fThe method of claim 24 wherein the polymer is
polydimethylsiloxane (PDMS) and comprises methyl
end groups.

26. The method of claim 25 wherein the PDMS has a
molecular weight more than 300,000.

W N K B W NP WNP WNPFME WD PR WD R WN KRR WD MU B WN

"THIS SHEET HAS BEEN
REPLACED

Sheet Has Been Replaced

||III|||II|| 1

32

LT



10 ‘experinentation. Neverthel | so be enphasi zed that the
particul ac..di scl.osed, steps. forJEiljmﬂg m " E j cal. _conductors_enabl e, ”_
anyo kil dlnthe art top c i on i Y T
rﬁ?ﬁ’é?gEs %é’ Gaeedad); abi ity of the inventioni}

Ege aetar I 54897 - erael. FOT 15 EXanpl Spymb1€ 1011
: ni Cri bes he steps perforned to produce aga%rtlcul ar

any reference to the nodel. Detaile edure ducr hg a
Oonductl ng Film20 1In a preferred ment of the invention, a
Pﬂ%‘%’or’:&u&?r 92 :REPe-PMENi s prepared in tTHB®f AHF FTREGRN fil m 30
p03|t|oned g éﬁ cting substrate 32, as shown in Fig. 10. The naterial
that is produce have a number -of small conducting regions 34

separated by dielectgjc region hi P conductin m may be
used in gl fferent ty J'es 61‘?‘ ef"?gf’?'?cﬁg Sg?l’ﬁ% f%r'%herel’—’ﬁr Bo %%e 'L

. hylsiloxane (PDMS) and comprzses v1ny1
end groups .

28. . The method of claim 27 wherein the PDMS has a
molecular weight more than 15,000.

29. The method of claim 24 wherein the polymer is a
copolymer comprising methyl side groups, hydrogen
side atoms and vinyl end groups. '

30. The method of claim 29 wherein there are
approximately three methyl side groups for
each hydrogen side atom.

31. -The method of claim 29 wherein the copolymer
has a molecular weight more than 2000.

32. The method of claim 24 wherein the polymer is a
copolymer comprising diphenyl side groups, methyl
side groups, hydrogen side atoms and vinyl end
groups.

33. The method of claim 32 wherein the copolymer .
has a molecular weight greater than 2000.

34. The method of claim 24 wherein the polymer
comprises acrylic side groups. '

3s. The.methed of claim 17 wherein the substance comprises
- a polyurethane produced by copolycondensation of a
first component and a second component.

36. The method of claim 35 wherein the first component
is 4,4'-methylenebiphenyl isocyanate.

37. The method of c¢laim 35 wherein 'the second
component is poly(buthyleneglycol adipinat).
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inst'ance, it nmay be used in mcroelectronics for precise connection of

solid. sta]te chips. .St ep 1.Form H!lt“limumu)lwmﬁ having vi.nyl..end.groups. m......
at VO % ar we 0) andztes I ]
&‘Y?@%VHQWEU hﬁ-’& t it has hyd’r ogen si de ?subst} RIS
Wt Th 10T efgdy Wel gnNt 5, 000) . TNTS M XTUT Erypd T 1 NI T u@glpu
detlUi d atgroomtenperature. Step 2 Dissol vgalitie POl yogd 3 ;
{IJ r| ate sol vent such as tol uene such t?@kg&he concentrati on of t he
EB substance i.n the solution does not ed 1% A conducti ng
Péfrésr§7cf’éaﬁ§8 WHMEN: he sol vent and WR® s‘?ﬂ%t?%f"r%z%prayed onto the
surface of phd1 o3 iREE rate using a.gas flow of dry nitrogen. The tenperature
of the substrate during spraying should be nuaintained between 40 C and 70

C. The gxact tenperaturg a”drﬁeh% :%Eﬁ gg gggm(lp.g @é&eﬁﬁ”%‘iﬂ' 's‘égo:SHCh t hat

t he drops of solutlonfafln on _the surface oreht nex rop falls
on the ame point. The duratfBReBF=t S ’?a‘gﬂ]ﬁﬁ 335 THIBE "PRE FAfR kness of
the fil# desired. Spraying i2998erformed for about an hour to obtain a film

39. The method of claim 35 wherein the polyurethane
has a molecular _weight greater than 4500.

40. The method of claim 17 wherein the material is in the
' form of a film having an approximate thickness between
S microns and 100 microns.

41. The method of claim 17 wherein the medium further
comprises microscopic non-conducting particles.

42. The method of claim 17 wherein the generating step is
performed by exposing the medium to UV radiation.

43. The method of claim 42 wherein the medium is
exposed to UV radiation for at least 1 hour.

44. The method of claim 42 wherein the medium is
exposed to UV radiation until the concentration of
free electrons in the medium is at least about 3 x
1017 electrons per cubic centimeter.

45. The method of claim 17 wherein the generating step
comprises increasing the surface area of the medium.

46. The method of claim 17 wherein the generating step
comprises placing the medium in an electric field.

47. The method of claim 17 wherein the generating step
comprises heating the medium. :

48. The method of claim 17 wherein the generating step
comprises ionizing droplets of the substance.

49. The method of claim 17 wherein the inducing step
comprises heating the medium.
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15 [err]mthick. A though free ont aneousl y forrred during
and after spraying, this proce Eliﬂ mﬁ Bj"&i ui-ckened by UV treatnent.-of.

gﬁ&feyhgvgntg &ﬁklﬁgégéaﬂlre of 0 2- 0 3 MPa is Lognle{ mg]?'\/Jrc]&frﬁﬁ

e fil m 1618876 hours at room tenper at ur eTime: The UV 4606

mes!:tl nuedsyntll the ferromagnetic nonent Seénadi:cat es 444321 16l

a®uebei:r at i on of the free electrons in thesfbjde exceeds at |east 3 x

,’kﬂ{a«am;v.e{g_cg;qpﬁ./@;ﬁqm,},m The ferrorragnefag NLpax £84Y, DE NMeasured by
known Faraday nethod. Steps 3 and In tgﬁe case€£'1t athinfilm —

conductpr repsolyrend 4 may be conbined as follows. As shown in Fig. 11, a

conducting plate 38 with a layer of insulating naterial 40 is positioned

close tg the film WO 97/ 28107 ' '

PCT/ US97/ 01537 é@ Wi reinBASol ¥1a9m0n7a wiHeRdUs! khE SHBGELmS esddp AC

vol t age o o )
: comprises subjecting the medium to vibra_t:.onal energy.

51. The method of claim 17 _wherein the inducing step
comprises subjecting the medium to microwave energy.

S2. The method of claim 17 wherein the inducing -step
comprises subjecting the medium to an alternating
magnetic field.

53. The method of claim 17 wherein the inducing step
comprises exposing the medium to an electric field.

S4. The method of claim 53 wherein an electrode is
used to expose the medium to an electric field.:

55. The method of claim 17 wherein the solidifying step
comprises inducing cross-linking between the
macromolecules of the medium.

56. The method of claim 55 wherein the cross-linking
is induced by heating the medium.

57. The method of claim 17 wherein t;.he solidifying step
comprises cooling the medium below its glassing
temperature.

' 58. The method of claim 17 wherein the solidifying step
comprises doping the substance with hard microscopic
‘particles. ' '

59. The method of claim 17 wherein the inducing step is
enhanced by doping the substance with conducting
microscopic particles.

60. The method of claim 17 further comprising enhancing the
conductivity through the material by passing electric
pulses through it.
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is applied by a hi gh vol t age- po create a nmean electric
field intensity. of- 20-25 ‘kV/cm Eﬂ ﬂﬂgﬁﬂg ﬂ!lcti ng substrate.and the---
er na houl d P 18
gaér}grg%’%‘?ra e{é‘ﬁ'ﬁs %%-és&@r?tthe f| pal stage of conduct
p&| yner neditam¥i s heated to 150 C for 1.5 Time:s. 4<(16
\ges:t age applied during the previous step i Serder:nt ai neldsdzlnazg th| s heatl ng
;Q‘umpl od. As a resul t of heating, the ngggjoaol ecul ar mediumw ||
mJ 1 E!ME olid and the Yo d ul d exceed the

Snl\r?a rg,p NZ\fter t he corrpleﬁ}%no t%lh:?stegthefllmls
ready to bezmswn./m If all the steps of the pr.epar ation have been '
conpl eted with care, the density of conducting'threads through the film may
be as I grge as 10,000 threads/cnferr], having an average spacing of about

0.1 mm ,The typical gqea %EL&‘& ¥ o8RG (BORAMNIIENGadPIoH! <A PlgesUr f ace
s 2 [eryImto 4 [erT]mythe g gfaat\uewe&baoughawqof ub 1 £ asaest ed 20

as shown in Fig. 12 by p BCi ng a ; conducti ng el ect rode 4 y on the
upper sdrface of the filTHesyeBf HHEPHYeRF & §6I°§‘Qgé pt&-waeed & ctrode
48 and & conducting substyzrentspex gdwen inrnenges | frarsdespsthan 1A""%ol t age
supply 54 is used to apptoy abbvet 10 A over approximately one hour.

62. The method of claim 17 further comprising the step of
thermooxidizing the substance.

63. The method of claim 62 wherein the thermooxidation
is performed by heating the film to at least
100° ¢ for at least 1 hour in an atmosphere that
includes oxygen.

" 64. The method of claim 62 wherein the thermooxidation
is performed by heating the substance until a high
sensitivity IR spectrum shows the appearance of
carbonyl groups. '

65. The method of claim 62 wherein the thermooxidation
is performed by heating the substance until its
static dielectric constant is at least 2.4.

66. The method of claim 17. further comprising 'incre_asing
the ferromagmetic momentum of _the medium.

67. The method of claim 66 wherein the medium has a
static dielectric constant greater than 2.4 after
the ferromagnetic momentum is increased.

68. The method of claim 66 wherein the step of
increasing the ferromagnetic momentum comprises
waiting until a maximal ferromagnetic momentum is
reached.

69. The method of claim 68 wherein the maximal
ferromagnetic momentum reached is in the
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voltage and an ameter 56 neas
the properties of-

Mem@muéeéaaadfom act-onlyta smatl area G

arder to prevent danpge to the filmdue to the appl | €3 Ma- N

indi vi dual

& snal | AM897the el ectrode nay be provi d@mesi th a pcoseut
®sng 60 & shown. 30 Preferably, the el ecsendde: 48 IS41’§31¢.1
dwhbeire i nsul ating ring 60 is made of gl aggbjeét: hard pl asti c.

Ferr]musing this technique.
I's poli shéu‘samil/cmpl anar with the ring so that
resi stance of the substrate-thread-el ectrode system can be

measured and used to cal cul gaRgan diRPekchifht N shadhaisSt goCeRfh WO

film The total

97/ 281Q7
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70.

71.

72.

tmerature . PCT/ USQ 7/ 0 1 5 3 7

The method of claim 66 wherein the step of

increasing the ferromagnetic momentum of the’

medium comprises heating the medium.

The method of claim 66 wherein the step of

increasing the ferromagnetic momentum of the

medium comprises -the substeps of

placing the medium in an electric field; and

extracting a portion of the medium having
increased ferromagnetic momentum.

The method of claim 66 wherein the step of

increasing the ferromagnetic momentum of the

medium comprises the substeps of

placing the medium in a magnet:ic field; and

extracting a portion of the medium hav:.ng
increased ferromgnetic momentum.

73. The method of claim 17 further compriszng monitoring
the generation of free electrons.

The method of claim 73 wherein the monitoring is

74.
performed by measur:.ng the ferromagnetic momentum
of the med:.um.

75. The method of claim 73 wherein the monitoring is
performed by measuring the static dxelectric

- constant of the medium. '
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of ‘the thread by subtracting the resistances of the substrate, the

el ectrode, and the tunnel resistances at the contact points. Using a
current not exceeding 50 mA the resistance of the thread can at tinmes be
measured to be Iess than 0.001. [err]. 4f£ased on a 5 thregddianeter of 2

[err]mto 4 [err]mand a length of 15 [err]m it follows tHaREPKWCEMENT SHEET
conductivity of the thread is significantly nore than 10[enr] —FHR e
conductivity of the threads can be neasured nore precisely|]l qj |@$Sgw
current of 200 mA or nore. This corresponds to a current densi 3

10[err] Alcnferr], so it is applied ir@? pul ses to avoijdllLocal danmage
to the el ectrodes. Current pul ses as | s 10-20 A can Ipe used if their

hal f-width is a mcrosecond or |ess. Sinple calculations baseg—en
measurenents of the heat generated in 15 the filmas a result of these
pul ses place an upPlrclaimit of 10-5 [err] on the resistance of a thread.
It follows that the conductivity of the thread exceeds 10[err] S/cm

Al ternate Enbodi ments 20 Table 2 shows the various conductor preparation

paraneters used fop mhteRalTAvVRIgGEEioa oPNile eéndub&viimgleate'rﬁmn 18684t heir t he
fifth colum in the table corresponds to the 60% 40% . .
room temperature, the material comprising a substantially solid
macromolecular substance having less than 50% volume percent crystalline
phase, and absent additional conductive material that substantially
participates in the conductivity of the material, wherein the substance has

Young’s modulus greater than 0.1 MPa near room temperature.

2. The material of claim 1 wherein the substance has an oxygen content
between 0.1% and 13%.

3. The material of claim 1 wherein the material significantly violates the

Wiedemann-Franz law.

4. The material of claim 1 wherein the substance is a nonconjugated polymer

in a substantially solid state.

5.-  The material of claim 4 wherein the polymer is chosen from the group
| consisting of a hydrocarbon, a polymer having a silicon-oxygen main chain,

and a polyurethane.

6. The material of claim 5 wherein the hydorcarbon is chosen from the group
consisting of oxidized atactic polypropylene and oxidized isotactic

polyhexene.

7. The material of claim 5 wherein the polymer having a silicon-oxygen main

chain is formed from a polydimethysiloxane having a side substitute chosen

L0 AR O



m xture of two conpounds used for producing the film of the¢ BppiADERIERTrSHEET
enbodi nent . The procedures for preparing these alternatg types—of ¢

conductors are the sane as for the preferred enbodi ment, wifth t£ ﬁ'o
of the differences indicated in the tablg,which have alreadyib ﬁ@&g doe
In detail .. 27 WO 97/ 28107

PCT/ US97/ 01537 Hydr ocar bons Silicon -Oxygen Hased pol yner
vinyl end vinyl end vinyl end APP - I PH Groups

gr ps. sone grps. from thgtoup consikting of admethghgrbup, . Istdinegea gubwips)/e diphenyln
4-100 300-1000 300- 10d00 1@- 100 75- 100, 2-10 4.5-10 K anu
2-10 Single Bond 18tsyp, and an acryfigside group; oo, >99% >97. 5% >76.
8% >97% Cont ent pol ymer hept ane hept ane tol uene  tol uene

toluene toluene dimathyl- Sol vent

f or mam de 8. The material of claim 5 wherein the polyurethane is formed from the

copolycondensation of 4,4’-methylenebiphenyl isocyanate and

poly(buthyleneglycol adipinat).

9. An electrical conductor comprising a substantially solid mostly amorphous
macromolecular substance having regions of stable conductivity of more
than 10° S/cm near room temperature, wherein the substance has a Young’s
modulus greater that 0.1 MPa near room temperature.

10. The conductor of claim 9 wherein the substance has a static dielectric
constant whose value is finite and greater than 2.4.

11. A method for producing a material comprising stable regions of
conductivity, the inethod comprising:
forming a medium comprising a macromolecular substance;
generating macromolecular ions and free electrons in the medium;
inducing the free electrons to form conducting threads having conductivity
greater than 10° S/cm near room temperature; and
substantially solidifying the medium to stabilize the conductivity and to
produce in the medium a Young’s modulus greater than 0.1 MPa. '

12. The method of claim 11 wherein the substance, in its initial state, is an
electrical insulator, has more than 76.8% single bonds, and has a molecular
weight more than 2000.

13.  The method of claim 11 wherein the substance comprises a hydrocarbon.

14.  The method of claim 11 wherein the substance comprises a polymer having

* [ L L S *



Fi Il m Prep. 40-70 C  40-70 C  40-70 C 40-70 C  40-70 C|—46—7%0-C

80 C Conditions 0.5-4 hr 0.5-1 hr 0.25-1 r0.25-1 hr 0.25{1RBPLAGERENT SHEET
24 hr Initial 1.9-2.0 1.9-2.0 2.7 2.7 —2-
4.0 Dielectric C Therno- 1-2 hr =2 hr None ilo

None - None None oxidation  100-110 C 100-110 C Fi 1aL;contAer1998
0.1-5 0.1-5 10 10 14 2.8-3.1 157 of
oxygen ° atomc % atomic % atomc% atomic % atomc % ptomc %

at om ¢ % UV exposurassilicoh-dxygeimain cliaif. hr 4-6 hr 4-6 hr =6t

4-6 hr 1-1.5 hr tine Final >2. 4 >2. 4 2.7 2.7

2.7 2.7 4.0 Dielectric C Production 18-20 C 18-20 C

18-20 C 18- 3@ C Thl:8m%ﬁlo§ of lﬁnﬁoltpwherem tﬁ@ flﬁﬁ&p@r Pélydiene gl%il&@ﬁe Cond

2- 14 days days 3-10 days 3-10 days 3- s 3-10 days 1 O mn
creation St ab| | i zat(PDMS) amglodomprises m:cﬂlyltend grtmng to 150 C for 150 C for
150 C for ~cool to Process -20 C -55 C -130 C 1.5 hr

1.5 hr 1. 5hr 62 C Final crystal 0% 0% 0%

0% 0%16. The B&hod of chalV4 RaRfeialé YPollymer is polydimethylsiloxane

(PDMS) and comprises vinyl end groups.

17.  The method of claim 14 wherein the polymer is a copolymer comprising

methyl side groups, hydrogen side atoms and vinyl end groups.

18.  The method of claim 14 wherein the polymer is a copolymer comprising
diphenyl side groups, methyl side groups, hydrogen side atoms and vinyl
end groups.

19.  The method of claim 14 wherein the polymer comprises acrylic side groups.

20. The method of claim 11 wherein the substance comprises a polyurethane
produced by copolycondensation of a first component and a second

component.

21. The method of claim 11 wherein the material is in the form of a film

having an approximate thickness between 5 microns and 100 microns.

22.  The method of claim 11 wherein the generating step is performed by
exposing the medium to UV radiation.

23.  The method of claim 22 wherein the medium is exposed to UV radiation
until the concentration of free electrons in the medium is at least about 3 x

10" electrons per cubic centimeter.
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Max. Film 50-80 [errJm 20-25f{errlm 15-26 [err]m 15-18 [RfrPL]\GEMENST SHEET
[err]m 12-15 ﬂmsrTIhasetHas%eh% plkiagThi ckness.Table 2. To initifpte

conducti on throu? Illﬁ""ﬂﬂmﬂl a small voltage nmy be 5 regu ped 19%

For exanple applied sghrough a 1 Merrf jresistor
the surf ace of the nedium typi caIIy on the order of 0.5-5.{0 kg/crr[err]

limts the curren on, it may be required to appl!

for smal'l areas and about 5 kg/cnferr] for a square centinmeter, Notetiat
this pressure24s edbemethmhofalsich 10 wherqin tige genoratiag Stepreomirisesinsreagingbe i s
over 10 kg/cnferr] |t.shoul d Rﬁ e&fd that it is possible to enhance
conductivity by ca WaﬁeaﬁeFé)rf SNEM L sanples with a long set of current
pul ses of gradually increasing arrpl i tude. Snooth bell-shaped pul ses with 15
1-10 [err]s half-width repeated at 1-10 Hz are used. The initial
pul se anplitudd i sThe meetiod ofeclainp bl whiseeimBie induring step comprigegiexposimgthiet ude

Is 10 Anps per nnel I|tude Is increased linearly with
time for 30-60 m n 1q poe ]r?ggl t}eg ng" sanples of silicon based pol yner
have maxi mal current anplitude of about 10 28

26.  The method of claim 11 wherein the solidifying step comprises inducing

cross-linking between the macromolecules of the medium.

27.  The method of claim 11 wherein the solidifying step comprises cooling the

medium below its glassing temperature.

28.  The method of claim 11 further comprising enhancing the conductivity
through the material by passing electric pulses through it.

29.  The method of claim 11 further comprising the step of thermooxidizing the
substance.

30. The method of claim 11 further comprising increasing the ferromagnetic

momentum of the medium.

31. The method of claim 30 wherein the step of increasing the ferromagnetic
momentum of the medium comprises the substeps of placing the medium
in an electric field; and extracting a portion of the medium having increased

ferromagnetic momentum.

32.  The method of claim 11 further comprising monitoring the generation of

free electrons.

33.  The method of claim 32 wherein the monitoring is performed by measuring

the ferromagnetic momentum of the medium.

THIS SHEET HAS BEEN
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Anmps/ channel. On the other hand, "ol d" sanples can have a xI'h JA%EKAENT SHEET
(critical) current of over 200 Amps/channel. Well-trained sampl es can keep
low resistivity for several hours in somg,cases while carryijng 10 1tAUS ¢998n0
current. .The circuit used to train theng sanples is shown §n}jFig. 13. This
trai ning techni que can enhance the conductivity by raising {he atonedt—
current ‘densities and by lowering the resistivity. It will be clear to one
skilled in tha4art Thhaethdofdiaine32 @heawinatic memiteringis fisefommnee by theasiimeny
ways w t hout departing fr t he scope, of ,the j.nvention. For exanple, the
initial macronol ect® %a’glfﬁﬁﬂ’ ?P?é‘g“tt%tt%ﬂ?ﬁ‘{‘m conductor is no'[rpl imted
to those specifically discussed in this disclosure but my be any

nmacr onol ecul ar substance that satisfies the conditions for the 15
formati on of 85abl & smethodolfar dnereasingli & c carsentration: f tfregciglesjony mhea

I nvention. O her nethods may be used for j nguci ng. ioni zation of the

macr onol ecul ar medimAfromelesylar matgrialk thy pgtho r°85'tp?i5wgof super pol arons and

threads. Mbreover, it is obvious that these new

™

(a) subjecting the material to an electromagnetic field that causes the
free electrons to concentrate within a region of the material; and
(b)  collecting the region of the material to obtain an enriched material

having an increased concentration of free electrons.

36. The method of claim 35 wherein the enriched material has a density of free

electrons of at least 10" per cubic centimeter.

37.  The method of claim 35 wherein the enriched material comprises conductive

regions having conductivity greater than 10° S/cm.

38.  An enriched macromolecular material comprising a plurality of conductive
regions, wherein the conductive regions have conductivity greater than 108
S/cm and wherein the density of free electrons in the material is at least 10%

per cubic centimeter.

39.  The material of claim 38 wherein the macromolecular material comprises

a nonconjugated polymer.

40. A material comprising a cross-linked nonconjugated polymer having regions

of conductivity greater than 10° S/cm.
41. A conductive material produced according to the following method:

(a) subjecting a macromolecular material to an electromagnetic field that

L M S %



conductive materials have application to any technol ogy that uses 20
previ ously known conductive or superconductive materials. Accordingly, the
scope of the invention should be determ ned by the follow ng clains and
their |l egal equivalents. 29 30 CLAI M5 claim 1. A material having
regions of stable conductivity greater than 10[err] S/ cm near room
tenperature, the material conprising a substantially solid nmacronol ecul ar
subst ance having | ess than 50% vol unme percent crystalline phase, and absent
addi ti onal conductive nataesdsdteetdiedtrons irs thenmatetialtopmnténdrapawithin a regien
conductivity of the mat ertjtﬁl’ wherein the substance has Young's nodul us
greater than 0.1 MPa nedf Bmﬂt?r@ﬁvperat ure. 2. The material of claim1l
wherein the substange hagiagfxeeHceF B miktiuP@ olaih inbichSd iadbrial  The
material of claim1 Wherein thhe materiral significantly violates the

having an increased concentration of free electrons; and

(c) forming the conductive material from the enriched material.

42.  The material of claim 41 wherein the forming of the conductive material

comprises forming a film from the enriched material.

43.  The material of claim 41 wherein the forming of the conductive material

comprises forming a conductor from the enriched material.

T SHEET
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W edemann- Franz |aw. 4. The material of clai TT‘REPMKBENENW $HiEETs bstance is

a‘‘nonconj ugated polyner in a substantially solild state- - materi a

of claim4 wherein the polyner is chosen from tih ' stl g of a
hydr ocarbon, a polymer having a silicon-gxygen |mai 6?ﬁ@pﬁ0@2%
pol yur et hane. 6. The material of claim5 whefe n_the hydor r on is

chosen fromthe group consisting of oxidized atfctic polypropyle e and

oxi di zed isotactic pol yhexene. 7. = The materi bl—of—elai-m5S—wherei n t he

pol yner hamigng 1@ §hbw§oah CeriTiniEL ogheha imvérrimad ify Sheaform of a thin
pol ydi met hysi I a side su £ r olREBRLACENENT tSHEfHe 31
fromthe group g‘gcb‘?d"h rh%‘f?‘ly'[bé #%#u%ep% ﬁﬁggogen groups, a di phenyl
group, and an &mmykLc S|de group. 8. The material of claim5 wherein the

polyureth |sl{0{f@$gé£§@g§hg gg@ﬁhy&quaasanbpadoby the inventors for
4,4 ny

et hy Ebézpehar_;ngl sgg rcac}nedu%:ntlng elements in the macromolecular

medium.

Fig. 12 illustrates the technique used by the inventors for
testing the electrical properties of the conductor of the
invention.

Fig. 13 is a schematic diagram of a circuit to improve the
conductive properties of the material of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Theoretical Background
The invention is based on two discoveries which have simple
theoretical explanations from the viewpoint of modexn physics and
physical chemistry.

The first discovery is that if several conditions are fulfilled
some macromolecular substances may be an exceptlon to the well
known fact that organic and elementorganic compounds usually have
no free electric charges for the conduction of electric current.
These conditions are: the substance must be in a viscose liquid -
state, the macromolecules must contain a certain amount of polar

_groups having a large dipole moment (e.g. >C=0, -HC=0, -OH), and

' the substance must have a low percentage of double bonds (low
degree of conjugation). Note that the large dipole moment  in
some compounds may be provided by the elements in the main chain
(e.g,'si-oi rather than side groups.

The reasons for these conditions are as follows. Due to the high
flexlbllzty of the long macromolecular chazns while in the viscose
liquid state, the polar groups can easily change their spatial
positions and orientations. As a result, the substance is endowed
with a high static dielectric constant and has properties close to
those of low molecular weight polar solvents. It is well known
that electrolytic dissociation in polar solvents leads to
| spontaneous charge separation and results in the appearance of
some small concentration of free positive and negative charges.
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pol y(but hyl enegl ycol adi pi nat). 9. An eI ect rical con LACEMENT Sr.HLEsE.Tng a

substantially solid nostly am)rphous macr ol ecul ar spb t&e havi ng
regi ons of stable conductivity of nore than 10[err] Sfc

tenperature, wherein the substance has g;Young's nodujup_greater thatf{Qf1
MPa near room tenperature. 10. The conductor of clajm9 wherelin the
substance has a static diel ectric constant whose val ub—-s—finite and
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state, is neI rlcal | at or, reghan .7/6. 8% S. | e bonds,
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the SUbSt@iﬁQa‘ééeri £8e AcBLMPheP@VdT¥berical contact is made. In orxder
to prevent these effects, the inventors have discovered that
suitable polymers can be used whose state may be changed from
viscose liquid to solid after the creation of superpolarons.
After such a transition, the conductivity becomes very stable
provided the Yéuhg‘s modulus of the hardened medium exceeds
0.1 Mpa.

Method of Producing Stable and Highly Conductive Material
In accordance with the understanding presented above, the
inventors have discovered the following method for producing
stable and highly conductive materials. In general outline, the
method comprises the following steps. First, an appropriate
initial chemical compound is chosen that satisfies the conditions
for the formation and stabilization of superpo'larons. In
accordance with the teaching of the invention, this initial
compound is preferably a macromolecular sﬁbstance formed as a
film. Second, the initial compound is activated or ionized so
that free electrons (polafons) are generated in the macromolecular
medium. The properties of the activated substance may differ in
Some ways from those of the initial substance. Thirad,
superpolarons are formed in the activated substance. 'i‘he
combination of polarons into superpolarons is associated with an
appearance of an.d subsequent increase in the ferromagnetic
moment of the substance. This step may include substeps to
speed up the creation of superpolarons or to concentrate the
superpolarons that have been created. Fourth, the formation of a
desired electrical conductor material using the superpolarons as
“bricks". Fifth, the stabilization of the substance in order to
obtain stable conductivity in the substance. Note that these
Steps may in some cases take place simultaneously with each other.



32 a silicon-oxygen main chain. 15. The nethod of
pol ymer is pol ydi met hyl si | oxane (PDVB) and’ ‘cionpri sgs
The method of claim 14 wherein the polynmer is polyd
and conprises vinyl end groups. 17. The net hod of
polymer.is a copol ynmer conprising nethyll5ide grouq
and vinyl end groups. 18. The nethod of claim 14
copol ymer conpri sing di phenyl side groups, methyl 4dide groups, hydrogen

si de at ongp angMiyiide 90Eh gEOUPS. 19. The met hod of claim 14 wherein the

pol ymer co Ises acrylic S|de gr oups. The netggg f clai 11 mhereln
t he substéﬁ%e (is d, e fexr ﬁ%lﬁ?&?cﬂfnc ol% Gn B a
first conmrmtbeamdhozsemtfm d:hnspcfhaes of1polydhetmanidmod défre:ﬂaradnm, the

wherein t S 4l il It
wh Cknessfbgo{%%e;gé n‘%cr Og" H;g fp%%a‘ﬁc oE 4" B8Yb1PcBAaRRARARLOP 6 two
components, 4,4’ —methyleneblphenyl isocyanate and poly-

(buthyleneglycol adipinat), whose chemical structures are shown in
Fig. 6.

t hyl si | oxane }( DNB)

| a®) @ JI4L ViD99 eiin |t he
hydrogen si dg

The factor n is chosen so that the second component has a
molecular weight around 2000 amu. During copolycondensation the
two components are connected into large links. The resulting
copolymer has the chemical structure shown in Fig. 7.

This polymer contains a high concentration of specific chemical
groups (i.e., 0C=0) having large dipole moment, giving it a
larger static dielectric constant of about 4. The oxygen content
is preferably between 6.6% and 15.7%. Usually it is near 12%.
The preferred molecular weight of this compound is between
4500 amu and 10,000 amu. It can be dissolved in various organic
sdlvents, for example, dimethylformanmide. 'In contrast to the
previous compounds discussed, this compound may be partially
crystallized at room temperature, with the crystalline phase at
thermodynamic equilibrium being above 50% by volume. This
Rolymexr, however, may be converted to a completely amorphous phase
by heating above 62 C. Once superpolarons have been formed it can
then be cooled back down to room temperature. Note, however, that
it may take hours or days for the crystalline content to reach
equilibrium.

All the initial chemical compounds discussed above may be used for
the electrical conductor preparation, as well as variations of
these and alternate compounds as would be obvious to those skilled
in the art in view of the teaching contained herein. Indeed, as
has been shown through the above examples anq explained in the
theoretical description, an appropriate chemical substance may
have quite a different fine chemical structure and may be based on
different main chain constructions. The substance need only have
certain physical properties. In particular, a satisfactory
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exposi hg the mediumto WV radiation. 23, ‘The net ho
the medium i $ exposed to UV radiation until. the concgngr
el ectrons in the nediumis at |east about 3 x 10[err]
centimeter.. 33 24. The method of di%ai m 11 wher
step conpri ses increasing the surface area of the nedium 25.
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quantum mechanical exchange interaction, the presence of
superpolarons can be detected by monitoring the ferromagnetic
moment of the polymeric medium. Note that the accumulation of
polarons and superpolarens can also be monitored by a measurement
of the static dielectric constant of the medium. The
ferromagnetic saturation appears to occur at 0.5-5.0 kGauss at
room temperature. The time needed to reach ferromagnetic
saturation depends on the initial compound used and on the

 thickness of the film because the migration of the polarons from
the surface and their collision within the volume depends on the
diffusion coefficient of the substance. Typically this time is
from several hours to several weeks, but may be made shorter by
certain techniques such as heating the substance or exposing it to
microwave radiation. Microwave power levels may range from 100 W
to 10 kW, where the higher powex levels are pulsed to avoid
overheating the substance. The microwaves resonate with the
polarons and increase their mutual attraction.

Motivated by experimental evidence and certain theoretical
assumpt:.ons, the inventors have discovered that the naturally
occurring superpolarons may be joined together into 1long
superpolaron threads prov:.ded that their concentration is high
enough. It is estimated \:ha.i; such joining of superpolarons
requires a concentration of at least 108-109 superpolarons/cm>.
In order to obtain sufficient concentration for this joining, the
medium is subjected to enrichment techniques. Because the
superpolarons have a magnetic moment- - and can be strongly
polarized by an electric field, the application of external
electric or magnetic fields can be used to concentrate the
superpolarons. Based on this teaching, it will be appreciated by
anyone of ordinary skill in the art that many techniques are
possible for concentrating the number of superpolarons in the

-~

medium.
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i si ng:

Form a mixture of PDMS having vinyl end groups (at 60 vol. % with
molecular weight about 100,000) and the copolymer differing from
this in that it has hydrogen side substitutes (at 40 vol. % with

molecular weight 5,000). This mixture will initially be a viscose

liquid at room temperature.

‘Step 2

Dissolve the polymer medium in an appropriate solvent such as
toluene such that the concentration of the polymer substance in
the solution does not exceed 1%. A conducting substrate is
cleaned with the solvent and the solution is sprayed onto the
surface of the substrate using a gas flow of dry nitrogen. The
Qemperdture of the substrate during spraying should be maintained
between 40 C and 70 C. The exact temperature and the rate of
spraying are controlled such that the drops of solution falling on
the surface dry before the next drop falls on the same point. The
duration of the spraying depends on the thickness of the film

desired. Spraying is performed for about an hour to obtain a film
15 um thick. '

Although free electrons are spontaneously formed during and after
spraying, this ptocess is preferably quickened by UV .treatment of
the film. In the preferred embodiment, a 120 Watt mercury lamp
hafing a 5 cm tube at a working pressure of 0.2-0.3 MPa is
positioned about 5 cm from the £film for 4-6 hours at room
temperature. The UV exposure should be continued until the
ferromagnetic moment - indicates that the mean concentration of
the free electrons in the film exceeds at least 3 x 1017
electrons/cm3. The ferromagnetic moment can be measured by the
well known Faraday method.

Steps 3 and 4

In the case of a thin film conductor steps 3 and 4 may be combined
as follows. As shown in Fig. 11, a conducting plate 38 with a
layer of insulating material 40 is positioned close to the film
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(a) subjecting the material to an electromagnetic field tHhatcauses—the—
free electrons to concentrate within a region<of the materigl; a@?a-flm.
collecting the region of the material to obtain an enriched|ngte mgng
an increased concentration of free electrons. 36. The net jod_of ¢l aim 35
wherein the enriched material has a densit32 of free electrons of at |east 1
10[ err] per cubic centineter. 37. The net hod of clai m 35 Weret-A—t+he————--
enriched material conprises conductive regions having conductivity greater
than 10[err] S/ [.4.6 WREE : ' ; lesdi a
plurality of co%ﬂnuc?ﬁ\l/eem?e@gfl?gsc ,laq&helgr el n ?{@E%%ﬁ?ﬁgﬁ ?g%?)gﬁésmﬁgﬂ\??l@
conductivity great ertht lsarfackOfrea of th8/medimmnd wherei n-the density of free
electrons in the material is at |east 10[err] per cubic centimeter. 39.
The material of claim 38 wherein the macronol ecul ar material conprises a
nonconj ugat ed pgd ymefhe d@ihod oft clEh S WherEIATRE irtlubiBg Atep’ hiprlsbdGidsing the
nonconj ugat ed pol yner %aVI ng regli ons of conducti vi Fy greater than 106 S/cm
41. A conduct i ve nmedinmaio g electdedieklccordi ng to the foll owi ng nethod: (a)
subj ecting a nmacronol ecul ar material to an el ectromagnetic field that

26.  The method of claim 11 wherein the solidifying step comprises inducing

cross-linking between the macromolecules of the medium.

27. The method of claim 11 wherein the solidifying step comprises cooling the

medium below its glassing temperature.

28. The method of claim 11 further comprising enhancing the conductivity
" through the material by passing electric pulses through it.

29.  The method of claim 11 further comprising the step of thermooxidizing the
substance.

30. The method of claim 11 further comprising increasing the ferroméénetic

moment of the medium,

31.  The method of claim 30 wherein the step of increasing the férromagnetic
moment of the medium comprises the substeps of placing the medium
in an electric field; and extracting a portion of the medium having increased

ferromagnetic moment.

32.  The method of claim 11 further comprising monitoring the generation of

free electrons.

33.  The method of claim 32 wherein the monitoring is performed by measuring

the ferromagnetic moment of the medium. : .
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35 causes free electrons in the naterial ,to concentrate within a regim‘f‘”"¢
the material; (b) collecting the'region of the material to obtain an 1PDs
enriched material having an increased concentration of free el gghlons; an

(c) formng the conductive material fromthe enriched mater g2, - Thg’m‘
material of cla 111 wher ei RyokitEnfeRistiuag rdberimhGror@BEIORt | Ve MalR
conpri ses formagg: filmfromthe enPreded® @ erial. 43. The material of
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A method is disclosed for producing a polymer material whose room temperature conductivity exceeds 106 S/cm. In a preferred
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such as applying a strong electric ficld, are then used to join the polarons together into conducting threads within the medivm. To stabilize
the conductivity, the medium is then solidified by cooling it below its glassing point or inducing cross-linking between the macromolecules.




