; €3e] NNOLT*VW\ 6\ T] Hyl. ~' 1 ~~~i WD (12/(18019-t CONDUCTI VE POLYMER )
MATERI ALS AND PCT/ 1| 502/ 022G3 METHODS FOR THEI R MANUFACTURE AND USE \'}L’/
Rel at ed Apphi/estdons 5 This application clains priority tpachkédSt ates

Provi si onal Patent Application Ser 3,386, filed January 23,
2001. This provisional patent appkn’mwmmwmmr ein incorporated fully by
ref erence. BACKGROUND OF THE | NVE of the Invention This
invention relates to conductive pol ynmer%ferials, and to conductive

pol ynmer materials having organic ions, a dopant and sol vated free

el ectrons. This invention also relates to conductive polynmer materials used
in mcroelectronics, optoel ectronics ang bi onedi ci ne. 15 Description of

Rel ated Art El ectrical conductors play fundanental roles in many aspects of

nodern technol ogy. TechigNBOCIaVFPGRYMER MATERIAES AN i es upon
. conductors that have |ow resistance. The energy required to nove el ectri cal

current through a coVMBITHODSIHORSTHEIRMANUFAGEURISANMMBHEE. To mai ntain
operating tenperatures, resistive energy |osses, including heat, must be
di ssi pated by devices containing conductors. To minimze the energy .

required and gphgieq %a@ib i pation necessary, it is desirable to provide
conductors having v @ hi g conductl vity and | ow resistance. Because many
appl i cati®ns occurTlds dpphipmioat crmss poartyr wotinitedp¥atas firevisiopalj Batertpeci al | y

Foom t emper at dpRicaton el Moy A o, R shenton s STRPE RO BHERY Tocal
A T e A RS
the presence of a crystal lattice having no chem cal bonds between net al
and other atoms. Netals agd G bRGUND'GriTE IHFrigY enouan and
10 Field of the Invention
This invention relates to conductive polymer materials, and to conductive
polymer materials having organic ions, a dopant and solvated free electrons. This
invention also relates to conductive polymer materials used in microelectronics,
optoelectronics and biomedicine.
15
Description of Related Art
Electrical conductors play fundamental roles in many aspects of modem
technology. Technological advances in computers relies upon conductors that have
low resistance. The energy required to move electrical current through a conductor
20  isrelated to the resistance. To maintain operating temperatures, resistive energy
losses, including heat, must be dissipated by devices containing conductors. To
minimize the energy required and the energy dissipation necessary, it is desirable
to provide conductors having very high conductivity and low resistance. Because

many applications occur at temperatures near room temperature, it is especially

25 desirable to provide conductors that have very high conductivity at near room

R
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temperature.
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5 conduct ance hi gh enough (about 106 S/cn) to be useful for many
applications. However, the resistance of these materials is sufficiently

hi gh as twp iBgdigse significant energy for their operationpcppgh2lagisr use
results in substantial power |osses. A major advance in conduction occurred
with the discovery in 1911 by 10 Onnes that below a certain critical
tenperature, certain netals can becone superconductors, that is, have

resi stance to direct current (DC} approaching zero. The | ow resistance is
related to conductivities greater than about 106 S/cm Unfortunately, the
critical tenperatures for nost netals is very low, typically a few Kel vins
(K). This low tenperature requirenent severely limts the application of 15
nmet al superconductors for roomtenperature applications. Another

significant advangge@EGHE fithllallogdBd widdiPuddds died GRYPEMNILESSS if Bidngi N

. ceram c oxides can beconme superconductors below critical tenperatures of

about 100 K. applidativgd) inklmdarg sernmbnduetgyenpilicaoriss Mot anendugtory #iegher for

ceram c oxi de_superconductors th for tal conductor.s,,,.the tenperatures
are so | ow a§h2’@°tt36z‘fd;’l&’éh‘ﬂ€8$ﬁ“?% é%ﬁ%@lf&ﬁﬁﬁfl&&?? CEQQB%‘%QF%%QM

difficult. Uy lad o ghes t%g{sentMmis Shd32oyEImive  BGRARYT RWethdighad ful ly by
reference) discloses net ﬁo s of manufacturing and materials conposed of
great er than chadadehceighhénopghvdsiond 101 St ho e tisdfuls fos peangegiplicatiopoxy resi n,

a dielectric polynmer. In this process, the hi snzg,th aing_l.apoxy( formsmal |
filaments haJiowevgr.arthe &psistange oF these afsdals dp sabiigipntly gug 83 151000 A
The conducti vity.of fi e : Al IntiS} 6 S/cm
2t oom t erpe e Ehas bh¥tey o DL Ber T 64 s Al rits S padtdC, o

anal yses by Wssfs. Littl e (Physical Reviews 134: A1416 {1964), incorporated

herein fully by reference), provided a basis for the formation (i)f
super conduct i ng poh yeae adyancednsondurtion osawredgwhdhs dissryver he?d i Mal

structures. Little!''s theories has | i er rtain.hi ghly
conduct i g@ s PYEn R é’f}@’t‘” eﬁs‘fenf“r’l‘cf'{l}gpg}lé&gé){}gtg%étsc %ﬁ%‘ﬁe{% %e%%d%%lg&e
pol yacet yl eneypaofdilttdds, thdt ) dbned reybtaitcete diredthairemf(DO) tapproadhingzero.about 105

S/cm). Another type of highly conductive polynmer was di scovered by Gigorov

et al., (Pol yHerloScresistancgts ¢alateq ta gondurtzsie Bomter, tham @by olatéeMher ei n

fully b f . These. ' d i di i
bol yir ony! end R BHFY o R e St PG b S BeR b8 SRR O\ e
structures haylgs¢RNIERE fRE RRFARE @équ‘ir@ﬁi@nﬂ&'\}er@(qulitdiﬂé bedicRiat & Pat ent

No: 5,777,292 (incorporated herein fully by reference) discloses organic
macr onol ¢ful ametabsupecesdunters fonToon teoperaidrd applicdiiaddds havi ng conduct ances

above 106 S/cm 1 BRI EFE DESCRI PTI ON OF THE. FI S..The i.nv i wll be
descri bed with resé@‘&'ﬁeﬁ ggxgqﬁ a Ady e P g’ Hhil% !ntws"fl} lgrdelgcfos%ﬁglr
objects, featyras ccplificBEMANABBS Y subBRohdUCasH balow viilital Regrisuepsar ent
with reference to the specification and drawings in which: Figure 1 depicts

a super pol ar oabonf 180K s Allthveght tho eriti@DteFipgtature 35 subgrriiatly Righepr pRyr@icon . of
this invention . in a nanqcircujt Figure 3 depicts a bundle of superpol arons
of this i nven?’f‘%s‘_&'ifﬁqnaﬁ‘ft%ﬁ dé@_ lgr ﬁiegﬂ? &0 8&’r§1itﬂb%tte@pﬁrag“éf)‘ci L f}';lge‘é:?sfcul ar
super pol %QOH. £f Al I%Ohr}gﬁg%ﬂaﬁl?e b@#i%%t?qrfs%&ﬂélﬁfveﬁn@ gsedt.conducting | oop. 25

Fi gure 57depi cts a super pol aron hi's invention in a circuit containing a
United States Patent No: 4,325,795 (incorporated herein fully by reference)

discloses methods of manufacturing and materials composed of greater than 10%
by weight powdered bismuth metal suspended in epoxy resin, a dielectric polymer.
In this process, the bismuth and epoxy form small filaments having diameters in
25  the range of about 10 A to about 1000 A. The conductivity of the filaments

exceeds that of metals (i.e., 10° S/cm) at room temperatures.
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connected el enent or system Gap d represents a dielectric gap between the
super pol aron and a netal contact (shaded el enents). WO 02/118(119 4

PCT/ US113{§4d2dsd143 gure 6 depicts a voltage/current (J/V) peivSodopdscal of a
circuit as depicted in Figure 5 having a gap dinension in the range of

about 1 nm Figure 7 depicts a voltage/current (J/V) curve tyipcal of a
circuit as depicted in Figure 5 having a gap dinension in the range of
about 1.5 - 2 nm 5 Figure 8 depicts an opto-electronic transformer of this
i nvention conprising two superpol arons and depi cting an incident

el ectromagneti ¢ photon hw. Figure 9 depicts an energetic diagram of the
opto-electronic transfornmer of this invention as depicted in Figure 8.
Figure 10 depicts a high inductance elenment of this invention conprising 10

alinear superpol 3Rl anA0scE b o W0 Riifle Bt IEARIANDG: A gt pigha),and a

. circular superpolaron wth a ctric curréent induced therein by a

magnetic fi eljflcdrpéture chebain gy byreference)n ptdvidedi mbasis Sarptbe dotnaation.of Fi gure 11
depicts the relationship between magnetic flux guanta and an i nduced

current in a syngeesbictnr®npelycen g | PRIVRIEENCRVEIE nHif-aRe-dBPEPRY in 15
Figure 10. Fhs?x?xrt%'fes;ﬁttlé’s?ﬂ%& AERLETed s ﬁl%sdiéc'avé\g%f Ef}r@cﬁ'ﬁ h%\q}gpéonﬁu&%s' stent
&n Gcar ft

electrical c inacircu super pol aron I's | ntion. Figure 12a

depi ct's a5 st gafymd sydiérad) indheling potyseetyleae P¥haodapedpolyacetgteneamekkibied and an
el ectrical current 1n a linear sugerpolaron L nduces netigc .20 field

d
within the i reoodydtivity nepr bal f meig éﬁ-&@?‘é‘?‘ﬁﬂpg g( r aoébngge‘élb‘i ighlyst age in

the creation of .a persi;stent el rical : i h p&l: n of this
i nvention af tcé)Pd‘é%ﬁ'ﬁl %‘%‘?’W&r t“hag @gérogﬁfegrbgu%p'ﬁ%Y ae?oalrlf.’ e‘@?éﬁ'ﬁ% %ééﬁ(f(eapi cts a
field controligd)syeiscls3e{199B), sdoforited dteid BITRHyFtfognde)s Thee pelmesn

nanowi re and a gate el ectrode. 25 Figures 14a and 14b depict two states of
the field coninclof¢ entloped oxitlizadptacticqwlypromilengiead palydimethylggoyanepwhichy 1 5

10  are reported to provide structures having conductances greater than 10" S/em.
United States Patent No: 5,777,292 (incorporated herein fully by reference)
discloses organic macromolecular matrices containing conducting threads having

conductances above 10° S/cm.

15 BRIEF DESCRIPTION OF THE FIGURES
The invention will be described with respect to the particular embodiments
thereof. Other objects, features, and advantages of the invention will become
apparent with reference to the specification and drawings in which:
Figure 1 depicts a superpolaron of this invention.
20 Figure 2 depicts a superpoiaron of this invention in a nanocircuit.
Figure 3 depicts a bundle of superpolarons of this invention configured as
a microwire.
Figure 4 depicts a circular superpolaron of this invention in the form of a
closed conducting loop.
25 Figure 5 depicts a superpolaron of this invention in a circuit containing a
connected element or system. Gap d represents a dielectric gap between the

superpolaron and a metal contact (shaded elements).



PCT/ US02/ 022C3 Figure l1l4a depicts a state in which a | ow potential "bunp"
does not separate the superpolaron depicted in Figure 13, and thereby does
not proviywgododdadyrier to the flow of electrical current. pepukekdds depicts
a state in which a high potential "bunp" is sufficient to 5 separate the
super pol aron of Figure 13 into two smaller superpol arons, thereby providing
a barrier to the flow of electrical current. Figure 15 depicts the
rel ati onshi p between a gate signal and output current through a field
controlled switch of this invention as depicted in Figure 13. Figures 16a -
16d depict steps in creating a logic state in an el ectromagnetic 10 el enent
of a random access nenory {RAM of thisginvention. Figure 1l6a depicts a
| i near superpol aron having two contacts and a gate (GL ), and a circular
super pol aron havi (B cre tyPichivT agiréitdsaepicted
+ super pol aron, andq?%l?rggg%‘ﬁg%??%lﬁag%gﬁﬁg{eqco?lsi derygd | ogi c stat epo. Fi gure
16b depi cts dnFigieofhbehg agap dinhensiosup repaigeradaboridrtnn a current in the
| i near superpolaron creates a 15 net i ield, .Fi e. 16¢ depi ct.s the
el enent as depi ct é:dg'i“ﬁ'/F}Plb‘&‘iséV‘l‘éa&rgﬁgVFWéf/ XB Emfyéﬁcég&%icpﬁﬂf%f de@'ﬁﬁgr pol ar on.
Figure 16d degich s Lhe,igl SMB0LiASARRA Hedthddbibaries 166m.but after the
linear currenf ‘19 ¢Re 1 TREES superpolaron is off, resulting in a persistent
current if the ci rrighis depipgapoptareimntromibiranséirateeothin iyenttanengesied to be
| ogic state 1. 20 Figures 17a and 17b depict "AND' |ogjc bl ocks and "OR
| ogi ¢ bl ocks tw supgrgolaraps gnd éeﬂlctﬂwsaﬁée%lﬁ%|EiF°FfP'§‘a%e§‘°%§at°ar¢&’-18b depi ct
trinary logic elenents  of. this .| Elegure. 1 i jhary
el enent after hav{?;léurﬁggdrelplv?ﬁt%a?'tele]%,%&%del?%?ﬂogg%gﬁgqllg?cetﬁﬁpde?%%{ﬁn?a?mcurrent
in one directhRNniéntiohaatigsctedinaFigurfe®l ar superpol aron. 25 This state can
be considered |logic state +1. VWO U21U8U19.1 6 PCT/USU2/ 022G3. Fi gure 18b
depicts a trinary Figuied Ocdepietsa high ingupianeesgiement of s MVERHOEN (AMPTRHSr ei n t he
persistent current in the circular,s S dj i pposite
o that dbpi ct boear superpeifieh b of £ SHERER AN MliRy thefin WA EhlaoPPoR
- 1|- t Fi lgur e 19 depiofén Ritheh bictR¥RuAENRRALES Befei®by b Ragnétivvtuid inducddavi ng
mul tiple

P by the current in the linear superpolaron.

Figure 11 depicts the relationship between magnetic flux quanta and an
induced current in a superpolaron of a high inductance element as depicted in
15  Figure 10.
Figures 12a - 12b depict steps in the creation of a persistent electrical
current in a circular superpolaron of this invention.
Figure 12a depicts a stage in which the circular superpolaron is not
completed and an electrical current in a linear superpolaron induces a magnetic
20 field within the incomplete circular superpolaron.
Figure 12b depicts a stage in the creation of a persistent electrical current
in the superpolaron of this invention after completing the circular superpolaron.
Figure 13 depicts a field controlled switch of this invention comprising a
superpolaron nanowire and a gate electrode.

25 Figures 14a and 14b depict two states of the field controlled switch depicted

in Figure 13.
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5 layers of RAMcells. Figure 20 depicts the transfer of el ectromagnetic
pul se information fromone | ayer of a nmultilayered processor of this

inventi oRy@gyeepscted in Figure 19. Figure 21 depicts a ppeppsPaRssi ¢ unit
of this invention that can transform magnetic interaction of two persistent

circular currents in nearby circular 10 superpolarons into a force between
the circul ar superpol arons. Figure 22 depicts an oscillating volune of

pol ymer material between two circular piezomagnetic units of this invention
as depicted in Figure 21, wherein oscillations in magnetic fields generate
oscillating changes in the distance between the two circul ar superpol arons.
15 Figures 23a and 23b depict two stat of a quasistatic opto-electronic
switch of this invention. Figure 23a depicts a state wherein the density N

f the bott h f.th witch is. high h h s f.the t
|ghase.e T(r)\e gm‘ 1? e?ﬁ%‘ge il %a ﬁgﬁgstglsﬁ?g?ewaﬁr? i%‘?g’g{net'ﬁ%lgggrﬁ%o? y%(fneégqog orrggnglto ic
radi ation tosafhra{tgftﬂees%b&%otﬁ?&kbdééﬁﬁléﬁ inhEigdi@ 1€ RsEtheRBl W06t éﬁ@«ihwht passes
e

through the switch. Figure 23b depicts a state wherein the density n of the
top phase hadbatrigeto thadlowasfedecticaheurrent.ne density N of the bottom phase. In

this state, light _can ss through.the. switch. Figuse 24 .depkcts

rel ati onships of &I8HKS F‘ﬂ’c‘iﬁp'cﬁ%ﬁ %%Fi“bwglciﬁ&“ ﬁ‘r%?‘tﬁroq%npofls %@h%’FIété? rons

bet ween dj ff ' ' RS [

021 (16( 10 7 SORRRR (B PO PRGN (o P DD St ptBpta kB vent on

provi des net peadddiaf atamict acthaflevwasikiqeohoalrewrremat erial s that forma mlieu or

"matri x" in which conducéjgée tructures known as "%]agt m nanowi r es" can
form Polymers th&i8WF & deustgheirelaiionsbipderysen@atesiaabang Rt EWESt y er s

that have i oghpatl & aBRIcBhireRed Aalcn G thil AFEhRIARMcRicI AN FARA, (1.02 el ect T ons.

The invention alSo can iInc opants, 1nc ng al ka al s such as

sodi um pot assi umFages Ite - [l 6kéepict bepsinicrdaking allogarstae mrad eleotrornagriedic noi et i es
can form nanoscal e structures, herein_terped "superpolarons”" in . the matrix,
whi ch i nkd udéleseng at agndra gesesnizemend ReYLy of thig 1ayeaton. iguisd 8 deRIES be bound

tightly to t elir’r@n{}%%&ﬂaﬁ&n hise RB%dnRiehad & £A0 @R)RyPd Likhewoh the

structure with ver
superpolaron having a gate (G2). No current is in the circular superpolaron, and

this condition can be considered logic state 0. Figure 16b depicts an incomplete

circular superpolaron wherein a current in the linear superpolaron creates a

15 magnetic field. Figure 16¢ depicts the element as depicted in Figure 16a
~ having a completed circular superpolaron,

Figure 16d depicts the element as depicted in Figure 16¢, but after the linear
current in the linear superpolaron is off, resulting in a persistent current in the
circular superpolaron. This state can be considered to be logic state 1.

20 Figures 17a and 17b depict “AND” logic blocks and “OR” logic blocks of
this invention, respectively

Figures 18a and 18b depict trinary logic elements of this invention.

Figure 18a depicts a trinary element after having been written, wherein a
persistent electrical current in one direction is created in a circular superpolaron.

25 This state can be considered logic state +1.
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el ectrical resistance at tenperatures near roomtenperature. The resistance
to electrical flow can be less than that of conventional netal conductors,
and thuswg#demycharacterized as "highly conductive" matget/gheobdy fact,
electrically conducting structures can have el ectrical resistance val ues
many orders of magnitude |lower 15 than typical of metal conductors. Quantum
nanowi res of this invention can provide practical applications in such
different fields as mcroel ectronics, opto-electronics, bionedicine, and

ot hers, where high performance in conditions of extrenely Iimted space and
energy consunption are prinme considerations. Additionally, macroscopic
applications of 20 the structures of tqgs i nvention can provide significant
i nprovenents of electric notors, power transnission ener gy storage,

t el ecommuni cati on space Sy ste oth C enefit
. fromvery lowr es?‘éﬁ i@’ B?Pé%tff‘ rclgﬂry dlr? 1cteaﬁ1%0fé€l?ra|1§9£b odi nent s,
nanoscal e, hiygileln e Peldfstcny Surfchl iNGhALIREl6 é’qﬂ)eﬁ)%]ab@n 4seddiretioRoppRat ur e smal I
sem conduct or devices, including transistors, switches, diodes and the
li ke. In cer tathat d:tm@cd erfigaicri8at Thisstagthtan be[&@nsﬁ@?@iﬂglwt@f@th cal cur rents
can be produced | C|rc ar nanq?fale structugﬁi The.ci.rcul ar 1
(12/ 08111 |~ pCT/ wts amulfifayesed Pracessgre F}ﬂvﬁ'&‘é°élshaf’8‘|g“blﬂi‘ﬁ’8a|
swi tches,s pelég (ﬁqPﬁg gvi ces, nanoscal e sensors, trinary conputer
devi ces; "and tica etectors DETAI LED DESCRIPTICN OF THE I NVENTION 5 |
Pol ymer Nhtrlces Fogurer2d siepisedhd manséan i alcuomagnetic ghlsy infornatoni fremmat eri al s
of this invention can desjrably have their.initjial tain

L.
properties toRel %ﬁhOfpar‘BHB‘tI@’ef‘?ﬁié’r‘P‘E?F?Pélofgﬁs we@w&sgsplg}eﬁﬁg ?g('féfff ed herein
bel ow. 10 A Mol eCLﬁ@Ire (f? tE'a! fe%r?r lePﬁ’i'i bi R n?x‘;enP Bh HaBEanMahEfoRRS The

pol ynmers useful for conduct i ynmers of this invention include
several diff engmetic Hﬁtmaeabn Odfas)@cespersmm Lﬂlrcmdlirycrmrentﬂ icIngeldy circular

pol y( hydrocarbon) nol ecul ar chai ns, Poly (siloxanes), poly(urethanes) chain
and 15 otther supernelasyete i forsp Befneal (ESHEBIAT SYPSFPOMORe mai n part of the

pol ymer matrix 'fmpngg 5?@e}§ilcﬁ%n Ot ‘?mﬁé‘ﬁl Ca}fﬁx%ﬁﬁ&t&ﬁﬁl%ﬂﬁ&ﬂ%ﬁ)rst he

Specl fic require | CU wever

desirabl e thaﬁrcuﬁﬁbiélzorﬁ@gmeﬂemﬁus bﬂhishﬁVdnnloﬁla% idepicfednmFigne ol dvixeeigood
dielectrics and, consequent|y, do not belong to a class .of conjugated {or

conduct i ng) plswlml‘sslnQl@glwlc\fﬁidsdﬁnfé%ﬁﬁﬁﬂ”ém@ﬁlcbmgéﬁ’@éhﬁ istapg €Ncan be
pr epar ed thatt % zarm&cro aro gul ar ions. As used herein, the term
"macr onol ecul B?‘ PP eEy e haV| ng a nol ecul ar wei ght greater than

about 2009 atomc FI%&%S 29228 2§b @pict jwo feakydrRIquisstiticsso-siecteonid dwitch
macr onol ecul es can have hi gher vi SCOSI ty than matrices nade with snmaller

mol ecul ar weiaffthis meatioml s. 25 | n ot her embodiments of this invention,
U ST TR e e N
lover, that igyjtcKOERighesttak thé avRRY @i- of the top phase. The difference in density
causes an incident beam of electromagnetic radiation to be reflected back into the
20 dense medium and no light passes through the switch.
Figure 23b depicts a state wherein the density n of the top phase has been
increased to near the density N of the bottom phase. In this state, light can pass
through the switch.
Figure 24 depicts relationships of electrical potentials and transitions of

25 electrons between different states in chemical moieties and in vacuum.



WO 112/ (18() 19.1 PCT/US02/(122G3 In ot her enbodi nents of this invention,
pol yners can be sel ected that include nmesogenic groups, providing liquid
crystal fsasmosoharein there is sone order within an easilpcf/usoabied matri x.
1t can be appreciated that conbinations of different types of polyneric
materials can be used that provide desirable physical 5 and/or chem cal
properties. Regardl ess of the physical and/or chem cal properties desired,
by using nol ecul ar ions, dipoles and/or dopants, one can manufacture a
pol ymer material that has quantum nanowi res. Several features of polyners
can be defined that can provide physical properties desirable for the
formati on of conductive polyner structures. 10 1. It can be desirable that
pol ymer matrices be anorphous or have a |low level of overall or bulk
crystallinity. Wien above tiih ARYSSGFH Iﬁ%?Nymgnrﬁprerature (Tg), anorphic
+ materials can provide an elastlc matri x ass transition tenperature is a
function of the ch®ht padseteiaveioantocides bfetltoylp|o£mhargaf®aire@néqbotymdne bet ween
about -100 C and, about +180 C. At _a tepperature T>T ol
matrices per materidbingt foymgmilpwae Ay ihvhick Fl‘é“qﬁ‘ﬁf'\?fi %mCWr’i?sgﬂ‘o Vg %em rabl e

for the self “Orzgl?&h%%ké\g*?es ca#l ?ogwc grﬁgfs\ﬁffatsdrrel,r ﬁs%\“ r%gaudezsﬂop RehesRE S

desirably confE AR ENDURL B roups di pol e nonents. High

nobi ity of thes st dat ﬂﬁ\tblwﬁlzabllblmldti’es dhat emilfbphlorgapmhymmdrfmbrl X can
provi de the groups wth the ability to solvate electric char]g 20 and

then to stablojectepariednyandan alvnra ingludedenaptsyiic]ugmg alkalifpetals syqheas

di ssol ution of .a sal f or nc 1 i 6T

mol ecul es solSQ4EAY Pﬂésﬁ{fémﬁﬁgq&lﬂ? oﬁlrshe?ﬁhgb? g@é?{l? \I/O-el;h%rq% neegét!g?‘%/e char ges,
respectivel y)ps€ pahécsle stradlrds hllx’éiemtthﬁndddfsapé}g@l@fms’f ireehel rnatsmj whichn. 3.

Pol ymers desirably should contain a concentration of specific 25 chem cal

struct ures abhdudesdlates edatrons. S Spb)la@tileiﬁétwﬂmd ngt betbgrng wghtlyde thej ve

| ecul be ati
pol yrrer  E0 chamolesilt 195 308 Crelprd o5 mover i cae el RS MR bEy by ¢ e
mobi | e di pol ectﬁf\é@r&?s’t%%%&n&e@l kS nbay %aﬁiﬁen&@r@m@up&d Msiktagcepol yner .

Because t he e systemremains electrically neutral, the formation of
st abl e posi tlare:tmmhﬂowealdlse ltaistha‘rﬂhatmﬁmvanteorablpé@fCabrlilééﬂafrﬁ‘»da@é]lﬂ%ﬁa@ﬁnon of

and capt ur ca NreBHIERZE B e SRR e el v teoh BE AL pkBRE

three Conponeé?ltu?tur&aﬁﬁllﬁévé El%&n@ﬁlr@ilﬁl&%e val 28 nfank QRdera imdpialde 1gweu ps bound
wi th pol yner ecul ar chalns actively participate in the subsequent

fornati oms of thpenipfdatofuetat comdndotsani cal structures call ed superpol arons.

In certain enbodinents of this i ventlon dopants.are a t he pol yner
matrix. Dopants caRUANNENHAROWIFeS S it ?rﬁ‘tvﬁméo”s‘ﬁﬁﬂroé’édesp(ﬂﬁ‘itﬁ%apBBfagé)g? Um and the

like. 10 Vhen gﬁ‘@% dnPfidd }ﬂlb%e&eﬁaxﬂwbﬁw éléa&bﬁeplbeo.ﬁ&nﬁﬁé @fid Retsdi pol es,
the netal can i 8s0fve an orma conplex with the di pole and i oni zabl e

groups. \Wen wheeiligh perfignumceiny chetitorssof cmlezx@w llnh@d rspacel angk mg)tan

assist 'in stablization of .the dipole anggg? i on, theg agy mng
nore stabl e ceANaUBPIQEATE PRITE CoRstieratinian AL 8’&5"%”%? SR di nent s,

the met agpﬁ;oggﬁgﬁ 1[5‘3 Pk iRk ntli(t}Fca]nfq)rﬁ lBUQ%fﬁaﬁﬂ% rb@n’f&?sﬂﬁ'@?éc%ce for t he

electric I've properties o erconductlng structure.
motors, power transmission, energy storage, telecommunications, aerospace

systems and other devices that can benefit from very low resistance electrical
currents.

Thus, in certain embodiments, nanoscale, highly conductive structures can

25 be used to manufacture small semiconductor devices, including transistors,

switches, diodes and the like. In certain other embodiments, stable, persistent

electrical currents can be produced in circular nanoscale structures. The circular




B Mechani cal and Physical Properties of Polyners It can be desirabl e that
concentrations of chem cal dipole and ionic noieties 20 nentioned above be
| ess t haryd hgogepacentrati on of nmononers in the pol yner chgifusdiosan be
especially desirable for the concentration of dipole groups to be about 10
to about 100 tines |less than the concentration of nononers. It can al so be
especially desirable for the concentration of ionizable groups bo be about
1000 tines |l ess than the concentration of nononers in the polynmer chain.
Providing 25 these relatively | ow concentrations of dipoles and ionic

noi eti es neans dopants introduced into the matrix need not be in a
concentrations so high as to alter the gesirable physical properties of the
pol ymer matrices. WO 02! (18(119 PCT/ L1S02/0221>3 It can be desirabl e that
t he pol yner terial e optically.. : : i f

vavel ongths STURPIER % FEn Bt Rin by A ARRRT B BURE A CE, RARENE,

| east about QeRBrdirfharytdniputéi@ievices, ahe opedageetedibs. | i mit of opti cal
transparency at short wavel engt hs can depend on the specific chem cal
conposition of a given 5 kind of polynmer and nay be chosen in accordance
with technical requir n | I ' have a wi ndow of
optical transparency ]ﬁlg?&ﬁp’?jggg?i?f/ﬂégi(Zﬁﬁﬁﬁgg@amnbodi ments, it
can al so e desirable for the refractive index to be close to about
1.4-1.5. In certain other enbodinents, it can be desirable for 10 pol yner
matri ces to He godlwhexcMaitkicésnsul ators up to a field intensity in the

range of about O. 0 about .1 W/ c At t rat ur es aboyve.th .. matrices
of anor phous pol yrhoNENes dispd, 18 @?’H‘?@Ct%gegﬁgfyef?@ﬁm Ve %aaé%natési g)g}ﬁlé state"
("HES"), whi Gl dnsiof Rah 3RbiBibly SovedYn BhdiP Wil AUARES camd btpeftcY that  dan

pol ymers, heﬁgw%ﬁggrnegﬁﬂYp&%" In ?n the range of 15 ggﬁht 0.1 to about 10
Kg/ cn2. Thi s premgte thes famatiton sf supenpdiranspdefimad beteindeeléwess0G Kgen2 . I n
certain enbodinents, it can be desirable for the density of the material to
be in th)range of about 0.8 to about 1 g/cnB. The conbination of high 20
elasticity with a jigh ' { tigbotpold v M Rrfead for

anor phous pol ymers‘bi n I—]&g%?ﬁﬁaggﬂggﬁgﬁ%%ggggﬁgsﬁ y c%gnge up to 10% even at
| ow mechani cal st rEfSpolyhierspeeful fa@r miking tomhictive pslymersHiESthissinyérdtonabove
their Tg, they can conbine a high elasticity with %g ability to EEOMIaS a
vi scous | i quitaclude seyagl adiffersat 2ehemieal glapsgS.not  Lseful-RQIAREE. NFIHYE property
al lows signifi t c ' r : ) babhinohgt 0 be
controlled byp oﬁgﬂﬁderggﬁr%(\g/)v'ﬁﬁg@%@s@ C,Réﬂg’%oég(%lﬁﬁhﬁ?é%%&ge@%&o@i rrllt ernal | ocal
t ensi ons}§ausqferby TKDdpeoifio chéthRERRDhiposisioh of the emrispracithepolyméOngttiz/ 118( 119
PCT/ US02/ 02263 12 el ectric charges |nside the,Ponner1g$ter, such

i nteractions isant aumgand kan hashpsen inacaerdarse Wty B spesifas tegpirempgngs of

organi zati on. each particular application. However, it is desirable that useful polymers, in their

initial form, should be good dielectrics and, consequently, do not belong to a class
of conjugated (or conducting) polymers.

20 By way of example only, organic polymers can be prepared that comprise
macromolecular ions. As used herein, the term “macromolecular” means a
molecule having a molecular weight greater than about 2000 atomic mass units
(“amu”). Polymer matrices made with macromolecules can have higher viscosity
than matrices made with smaller molecular weight materials.

25 In other embodiments of this invention, small organic molecules can be
used as ionizable species. By using low molecular weight materials, the viscosity

of the resulting matrix can be lower, that is, more easily flowable.



That al so neans that one can, if desired, switch on internal self

organi zati on at any point and/or stop them by neans of a sinple change of

| ocal 5 wegpeesdidyr € above or below Tg, or by local cross-pefkkeadmeds t he
pol ymer matrix. Il Superpol arons and Quantum Nanow res Once a pol yner
material according to Section | above is selected, free pol arons, dipole
groups and positive ions are randonmy distributed in the matrix. 10 A
particularly desirable feature is that under certain conditions these

el enents begin a structural self organization which can result in the
formati on of short quantum nanow res (typical |engths of about 0.03 umto
about 10 um and di aneters in the range ®f about 0.003 umto about 0.005
Vim call ed superpol arons. Superpol arons, depicted schematically in Figure
|, are fundanmentalp, %kt%v%mb%ﬁﬁﬁe&éoﬁugﬂm&m%%e@ o8 bUGEME®S thalhe

. quantum structures are roughly cylindrical in formand conprise the severa
conponent s. Fhdigde mesopenipGraupsnproividitghliquid sootas faren, mihgregmthereos somad ar e
able to join each other, gradually forqi&gla thin.gﬁnﬁqctiggﬂﬁeleglron
thread" surr cudrIadthyan easdy Hawable By i 1o eah ReapBregialaddigt cQuoBgRos 9'n Fi gure
1. The ions af ' - | Gl ' i : [ ofl a
superpolaronqg?%ggﬁyé%ﬁgggﬁg&Pgﬁggﬂﬁﬁg%%?gg%ggmg§r§ﬂg$Bgﬁg?%gﬁ9aﬁ§ch
restrict 4he Bk thdnyicslfprépeetidsoRegadidsstifjiod weysicdlme/or elidneical pedpferties

organi zation is over, the positions of all ions and dipole groups can
become fi xed dgsieed; by upiag malerudrdens, dipples gnd/OpHoRaREs, mveﬁwa@ﬁ@t@% be
changed only if external, forces appli .0 the whole structure exceed this
strength. 25 '%E??Bﬂ%”%éﬁ@@ﬁ%%&P@p gﬁgﬁég?he superpol aron's central axis
are free and are rQiyefal Hedofes BY ppBAnEREEan B¢ @efikedSthal canaprooidd grhysicali t h
quant um nmechani cal | aws, these electrons can nove persistently forth and
back from onerepeities desirablg\ority fremation af qeatpqtivePymep Sctyrss-super pol aron to

anot her e. That distinguishes.the. superpo ' i "t hread” from
conj ugat g@ pol ynerk, m@?@ l?er‘geélrgl? ngagg(r’l@p"(:egﬁ{ag%regyggﬁggﬁlﬁlg&cﬁ@gm easily
wi thin a nol gyl RLelCHRbVbrall W b‘ﬁﬁ@c@@t‘dﬂin’itgpﬂmeﬁ above tieireglhe masitar only by

“hoppi ng" between the nol ecul ar chai ns. As depicted in Figure 1, this
el ementary supmppahee df ghpaeepbicl inkerials dani provide any Elapfifr mMasnX. c {passi t or

where ions forman external posjtive shell, electrons form [ nal
negative "t hrEgHondAAPealE: "g*i‘é‘ﬁtb@l ?Q&F 8mlcéfﬁgeé}ﬁne@di cﬁnrbgg}'ﬂépélg{ rections
serve as an i gl alighe B Do P Sido ¥ and FBoR B8 Ere Ak é’@n@eﬂattﬁ@@bm%&
According to one theory, the formation of such structures is purely quantum
10 mechangcal sughgobamanathessyredaitshanlityiaf ebimgits Withish the aratiis Whithns
Experinments carried _oué arg consi Stfﬁfg{l Wi trt@ ql'ﬁjani"l.lj-‘{r;n t heory and have

est abl i shed se&ERRE fen the selEATEANZAP A AL EIUBT STUM IS of * super pol arons. 1
El ectronic Propertjes 15012&5%%51&@& FAfiSa afRehoB RS HeMEAF frols Bdvids pol ar ons
of this invention can hav esired el ectronic and magneti c properties.

El ectrical préipelthescithaiighamHiktyes pewst ahémicdlegionpsy when i by aorihih
conductivity that can be rel ati Vﬁ| y i ndepﬁr\_rd?e%t .0 tﬁ:‘{e tﬁn%?r turee. Thus,
in certain enPUYMAERASIXSRN PV the BIopPHWIth thecbik ift SOARFERS SATeSn be
super condyct o eddbly rhidh thallyRirf#96 Bl @dsORtisn oe! ectron
t hr ead"” &g a %@drtﬁé%{% %%%@?gﬁqu%aﬁhgll%&nrgﬁc %:arr%}ent I f rretsal lic

el ectrodes ar gsgpianeaitasteyNa0 intveatern Che pothr sate niodevules solxgie the Ne awppl i ed
(see Figure 2). Figure 2 depicts a _cor%)l ete electrical ci [ycui cQ taining a
super pol ar on, Chiena(hayimgpasitive Fdmsaattye shasges) respecluflylsgraral raegh’f"éf) € a
resistor (R an tor (A). Upon application of the 25

vol tage, the hqn%ﬁ%gq%’e{fr%{ﬁﬁgggﬁﬁ) current, Jc, is estimted to be about 10

uA/thread. For a sgper ppbBmms desitably shotidreiein afcoatmmtratids 5f specifihat

~current corresponds to current carrying capacity. close to qr abave 108
Al cnp. 25 chemical structures able to losé electrons relatively easily, forming positive

molecular ions. The molecular ion can be attached chemically to the polymeric

chain and can be stabilized, with a solvating shell formed by the mobile dipole



- "critical" c

V1' O (12/f18f119-t 14 PCT/USI 12/ 1122G3 ii. Conducting properties of a
super pol aron are found to be tenperature independent in w de range of

t enper at w@sydgoown about 1 K to about 700K, and the conducpdwisis/@iest he
superpol aron is i ndependent on external magnetic fields up to at least H =
90 KGauss (at a tenperature of about 4.2K). 5 iii. The specific
conductivity of a superpol aron neasured by different nethods at a current J
< Jc is technically infinity. For instance, specific conductivity can
exceed 1011 S/cmif it is estimted by electric nethods, and at |east 1021
Sicmif specific conductivity is estimated by a magnetic nmethod. Thus, the
conductivity of an "electron thread" igpat |east 5 orders of nagnitude

hi gher 10 than that of copper or silver, and in certain enbodi nents can be

15 orders of ﬁ?&gﬁi'ﬁﬂfé s eBecalide the WRORASHAE réEinS kARl yheahaly@eJC (t he
rr ntl) cz,gses aBermglpl)%/ed (< 10-3 S) rtralrllsi tion tyc]?ea hi gﬁl y

resistive st abematidapésublegositiverne igads todbamimediate appiasance amdsolvationcan be
observed in bath reversible and 15 irreversiple des. v. Th ondquctivity
of a super polrfE§ §letioRy bé}ﬁd@ﬁ?lecﬁ“"fﬁseéﬁ@ﬁe aff\?‘erreﬁecéropa(ﬁ’é’é’?éo%eﬁra@auehci es
fromO Mz t t Mﬂé IsheFiS fnmeds “hBviXea " n el ectric

conducti vi ty%ég{agégtneégﬁ‘frl {ﬁe)élsg]reaéti cally to heat transfer. In experinents
this reswts in a Allthred dompoaént?Mamily fticedtanansnstibleons kadwipglegroupsast 7

orders of magnitude. vii. Infinitely |arge conductivit, g a. super pol aron
at J< Jc resdiopsdwitl @plymen dnolgpdateshainsagtively ppstigipatedBibe suPFaPEtici ent s S

of less than ~ i i the case the
"electron t hrfgg‘gwogtj)bnftsgéétﬁéé %%ﬂq@g{egﬁ%g{a?% ecglrréri%gl%gfq ﬁ(Isné(g]?()r%w‘%lljloﬂsriet al s sone
contact resi stancenediinbinbodimenbstisiavkntioh]dopants aeaddedab tiechobymdrunnel i ng

of charge earners between the electron thread and the netal. This results
i n nonl i near i mgtrigf Dopanteean inelndeadicali metgls seqheas sedinm, petagstum andthelike.

2P L e AP et ot 7
dissolve and form a complex with the dipole and ionizable groups. When the
ionizing moiety becomes jonized, the metal atoms can assist in stablization of the
dipole and molecular ion, thereby forming more stable conductive structures,
quantum nanowires. In these embodiments, the metal atoms become part of the

15 structure that is responsible for the electrically conductive properties of the

superconducting structure.

B Mechanical and Physical Properties of Polymers
It can be desirable that concentrations of chemical dipole and ionic moieties
20  mentioned above be less than the concentration of monomers in the polymer chain.
It can be especially desirable for the concentration of dipole groups to be about 10
to about 100 times less than the concentration of monomers. It can also be
especially desirable for the concentration of ionizable groups bo be about 1000
times less than the concentration of monomers in the polymer chain. Providing
25  these relatively low concentrations of dipoles and ionic moieties means dopants
introduced into the matrix need not be in a concentrations so high as to alter the

desirable physical properties of the polymer matrices.



|

i x. Low tenperature experinments have shown that in the case of the contact
bet ween an el ectron thread and superconducting el ectrodes, the 5 resulting
J-V curveso exolyt specific peculiarities which are typi cpdr/iigs/edagephson
contact between two superconductors separated by tunneling barner. Xx.
During the self organization process, if they are not separated by a
significant distance, superpolarons are able to join with edach other to
form stabl e conducting array or bundle (Figure 3), having di aneter about
1-3 10 ~Imwhich is herein termed a "mcrowire". 2 Magnetic Properties Ln
addition to the electrical properties described above, the electron threads
of this invention can have desirable rmagnetic properties. Because sone of
the 15 magnetic properties are associated with structures having

super conduct i vi ty [t daf bRldRGtdb&Ehatdh€pdlfinetthatefiglp B bptiallg aandparcasswssed usi ng
- Observations of magnetic properties of the paolyners. i. Copsistent with
predi cti ons afwidhengeafivayalengthsisiarting from abay el wmne Biengadnaisd range a

super pol aron' s conduct i el ectrops are in a.20 b L '

Structure whith ISt ph s G TR iste el 00 BRGS asAgRgbs
ferromagnet i G gii¥pi Aveldiths@af QbFeR DnMEspatifie RAGHi cacdntpRkitioR 8 f @lghehr on spi ns
are in the sane direction. These domai ns correspond to very weak or "soft

f er r omagn®et s'kilxkchpeemeth@idrmapbe chasen froacserdaged wih tedhaicabisquirerBOtGauss, and
in certain enbodi pentg can be close to. zero.. 25 ii. During the, formation of
i crowires, tw@gvﬂﬂ%@a AR "R ag‘HB"éP‘f"r?é OBﬁ‘ff‘éFrﬁ%ﬁpﬁWé}Wgurb ctBﬁg"g smal | er
(see Figure Fyyapdosragnetic interactions between them becomes significant.
At this stage a mcrowre WO 02/ (18019-1 PCT/LJSI | 2/112263 1G

denonstrates the tleretaingmbodineptnit amedssbe desingble fanhé refractiverindgxegnetic to

antiferromagnetic order. An_external, netic field.applied at this
int Ier nedi atg l%et‘;i‘f}ﬁ? te ghoytdh/ad ss)é Ipigedaip ﬁgipogﬁﬁerﬁsaﬁts%%aﬁet sirahls Fokn back to

a ferronpgneti ér%ﬁﬁ%%;g%g 'gg&&&aﬁsggh%&e& (S RAAHBSIL % HedGhng?

transiti on dépehds on ance 5 tween super pol aronS and nmay vary
froma few hwrbeaw. Causput DM /cheast 2 Tesla. Wteresting magnetic
properties can appear under certain experinental conditions, when the

growi ng super pol ardhi§MPERHreORRAYE thenbe, ANYBERs qf@gpgphqyg PORGYS 115 Eidgure 4.
| n such a cl 055yl @ARerlianohfh ddlyib Bl PIRES HAUKERR RbBcfibdiy ok

radi al ly out whereas di e ou portion are oriented
radi al |y i nwaygsng’Smelulas 0SeY fop ppsmess) hbeiteteansd €YipdlY iiig theaamgbustt i vi ty,

and therefore can _ , _ .

15 about 0.1 to about 10 Kg/cmz. This range is about six orders of magnitude less
than the typical Youngs modulus of usual metals (“’Ymet”) or glasses .of about 10°
Kg/em2 .

In certain embodiments, it can be desirable for the density of the material
to be in the range of about 0.8 to about 1 g/cm3. The combination of high

20  elasticity with a high fractional free volume (about 10% typical for amorphous
polymers in HES), the density can easily change up to 10% even at low mechanical
stress.

The peculiarity of polymers in HES is that above their Tg, they can
combine a high elasticity with an ability to flow as a viscous liquid, so long as the

25 matrix is not cross-linked. This property allows significant macroscopic or local

structural reorganization to be controlled by rather low forces. Asa result, in the

case of internal local tensions caused by Coulomb interactions between separated



behave as an ideal diamagnetic, preventing any change of magnetic flux in
the I oop's area. Consequently, the change of external magnetic field can

i nduce awl@opesisstent current in such a closed | oop, andpci/ps@UBhy;a case,
the | oop can becone a permanent nmagnet. The strength of such a nagnet is
limted only by the size of the |loop and by the value of Jc. One nore
peculiarity of closed | oop superpolarons is that due to the m croscopic
size of the loop, its current and nagnetic nonent can not change gradually
and shoul d be quantified by some discrete values. 20 3 Applications of
Super conduct i ng Super pol arons Superconducti ng Superpol arons of this
invention can have nunerous applicatiofg. For instance, a parallel array of
only 1 O1 ~ elenents having the l ength 1 mcron each provides a

. super conduct igpg, crh msﬂ@% erlfllnettt?g%hs’r{ Riter 1oﬁ§‘9§nhrbecgr§e PR GhiA

polymeric wire s se I nsul at has di anet er ess an or about 10
m crons, and dclaﬁlgdbfcé)foﬁlm’eh&ﬂl'Selﬂprg‘aﬁlzﬁﬁbnAr’rpeI’eS Wi t hout substanti al
energetic losses in the tenperature range from-273 about +200 C. A

remarkable WO UEIh@ELS‘{SPlgleémP@W LanS( §37% ( lfz@@edﬂs"f‘ GPe‘“F%"at h$t-such a
wre can be %?éh‘ﬁiz%%#ﬁt ];pro?r{pagﬂ/‘ yg%eara soéfaoé?{n}ﬁféecrha &b, and its

wei ght doesn’ ceed 1 electric vm e haV| ng no

resi stance a&erﬂﬁé&h@f&abb@ﬁpﬁlﬁ@éwﬂ% (S )Y lbamrceoserhhhmge)fffthdpcﬁﬁﬁ@f adtelx) ower the
cost to the electric industry. Sonme of the 5 advantages are descri bed

bel ow. 1. The reduction of energetic |osses in electric generation,

transm ssi on.and nsunption i ui. val.ent the saving of mllions of
barrels of crlﬁde §?'|P°5P s atﬁr@g“r (tjugll‘?%noaw‘ geéol ogi cal consequences of that
are evident and wahdceGogdl ﬂiﬁ&tﬁdten&pao'éor(ﬁlg’ifﬂ Sévtiodi ISdbol & ik &ﬂ'ecﬁﬂ?'ﬁgy storage
systenms (magnmetic coils charged with persistent current) be used in

order to avoipdlapersk dipolsrdroengiand paﬁuvmxogharedagdqmlghitstnbm@cbm ¢ mairiy. n

el ectricj consu ower tran |on t e no nore need
for the M n<t 8BRS fagﬁ%ﬁf'raﬂjﬁ%&\?&r‘f Lybat ‘Pé’"ﬂ‘?g 8seb ERMSecause to
the absence has@f, @il yaf.b@ﬁa%amnl \ﬂﬁfcﬁ%ﬂn@@suﬂ' latthy%ﬁm@nwwanl i nes
suspended now | n the air |ow voltage underground lines will be used. 4.

This | ow vol tougetusl eatowics t(jypich loetiti ef abauitGeB her keaoeusd omeragddi rect |y,
wi t hout the use of internediate t sf or into ccount poi nt
#3 above, indiamgersin '&Ffaé’lgﬁﬁ ‘?t\%t @%@@%ﬁ' %5%5 F?agﬂfl SUREERR ‘HBW&r pl ant s
can produce '53@/ %%ia?é}ﬁed tEd‘EJh%H{au&nl ¥n F%ﬁ@‘t'sé‘reffﬁ)ﬂdaﬂﬁ\ﬁ%ﬂ efeh@AgIHrSsi on DC
current avoi apaci t anice | osses and provi des nmany other technical

advant agke$. quantum conductive structures The quantum structures are roughly cylindrical in
form and comprise the several components.

First, free polarons in the viscous matrix can move and are able to join each
other, gradually forming a thin conducting “‘electron thread” surrounded by ions
and a polarized dipole shell as shown in Figure 1. The ions and dipole groups

20  participating in the formation of a superpolaron are attached to randomly directed
polymer chains, which restrict the mobility of the ions and dipoles. Thus, after self-
organization is over, the positions of all ions and dipole groups can become fixed
due to the mechanical strength of the matrix, and can be changed only if external
forces applied to the whole structure exceed this strength.

25 Electrons concentrated along the superpolaron's central axis are free and are
not limited by polymer molecules. In accordance with quantum mechanical laws,

these electrons can move persistently forth and back from one end of a



!

6. Further inprovenents of today's aging electric infrastructure can: be

bui It around superconducting w res, includinghigh efficiency DC notors,
power 25wwyhdeops. a wide variety of electric appliances,pdpikisabsie and

hi gh capacity magnetic energy storage devices (batteries), different cables
forboth power transfer and communi cation systens, and the |ike. WO
02/08(119-L 18 11l Mcroelectrical Elenents Based on Superpol arons

PCT/ US02/ 022G3 I n certain devices, electrical devices can be built froma
gi ven conbination of two different types of elenentary elenents: 1)

passi ve two-point elenents; 2) 5 active elenents which have at |east three
poi nts. Passive el enents conprise condygting superpol arons, netal contacts
useful for initiating flow of electrical current, generating magnetic
fields, | ndugfr{é;ﬁgpcﬁlll%ﬁttlﬂ'aﬁgtlhelcb'ﬁe[ e dislnglE &R Yhe SipefidMiBR's cafhcahger ,
relatively si e elements. Active elenents conprise conbinations of

passi ve el enefircadt fiein cwajughtet podatersyivhbredere eleotrbmescan oacyeivarie curgenéner gy
fromone formto another, for exanple, piezoelectric¢ devices %ﬁi cal

swit ches, neeh@lyivashn g sipdesular chip h%@?fbmaé%g%&“em 5 9@y s Passi ve

el ements of égeggé{i b aroup tH@&o%@ﬁfaP&?‘ainsj. ncl udi ng those depicted in 15
r 0

Figure 5. Fi pictsS a superpol aron having positive (+) and negative

(-) charges, dipolgsddpéted®\s Figuretlalthie eidnaaitary {sspageldrar egeprs likeval t age
source (V), a resistor including contact resistance (R-o~~ and a connected
el enent or sysinistre eliodrcal eaperitarpdeye ions form an extemplPosigvg shsl, ¢lggtrons

alternatively, a mcrowre).is.place I : , Wth a
dielectric géma%gﬁ%%mefg%t Veer!ilgre%? ’ %@%&%%@%ﬁéﬁ%ﬁgaﬁ%h@ﬁy e gd?ﬁt r ode.
The width of gbeisidRerR0dsamoRsQatofbefw@sh Pasitild (+)sarliehsmadne ¢hehiargs.nm t o
about 1 um In the case of el ectrodes nade of nornal netal, the contact

resi stance Rotmebrditmemone thebrurtke Sormatian \whysycth sEuwwes ah QUEBHEWIEUBN net al

specific resistance Pm, the contact djanetet.D .an ielectric coefficient
~i (c~ deandé?l?C%?J‘Hc?lﬁBdé?fB“’f E‘F “?da °?/dn’inc§Hn? éqfilaecé?sggtl ¢

e éfficiency of

tunneling through ghgigams cBhRG SRNRS cHRGMReR willl YulRiiRdhesStAld lvevi de
al ways two mmj or conponents of contact resistance Rcont of a contact area

havi ng di anetestabishedheveril eisctromnpod aragnitis fropsati¢sxdgupkrpelexony: in - WO
02/ 08019 19 PCT/ US021112213
1 Electronic Properties

15 Polymer matrices and superconducting superpolarons of this invention can
have desired electronic and magnetic properties. Electrical properties that can be
especially desirable include high conductivity that can be relatively independent of
the temperature. Thus, in certain embodiments of this invention, the quantum
nanowires can be superconductors at near room temperature.

20 1. A superpolaron's “electron thread” is a perfect
conductor of an electric current if metallic electrodes are connected with its ends
and some low voltage V is applied (see Figure 2). Figure 2 depicts a complete
electrical circuit containing a superpolaron, metal contacts (shaded areas), a voltage
source (V), a resistor (R) and a current detector (A). Upon application of the

25 voltage, the highest (“critical”) current, J¢, is estimated to be about 10 pA/thread.
For a superpolaron having a diameter of about 3-5 nm, that current corresponds to

current carrying capacity close to or above 108 A/em?2.



T

t he adj acent conic space of a netal. The first conponent depends only on
netal specific resistance Pn~ and reciprocal of the contact dianeter D, and
may be amww oxesortied as follows R= _Pr . D5 The second carppsenb2@pplies
to any normal netal. The electron flowrelated to a given area and a given
narrow energy band is limted in accordance with Ferm distribution. This
conponent can be estimated fromthe known density of electron states near
10 Ferm energy Er ~~ = 2 ~ h3 2rnE where first coefficient 2 is due to
both el ectron spin directions are taken into account. If current flows

t hrough a di aphragm having area D2/4 and a snmall 15 voltage V is applied
across that diaphragm then only those;glectrons can cross the diaphragm
area whose energies are concentrated in a narrow band a V near Ep with E F

| 2 maverage velocity VF, Zii""her@oﬂd@c‘{iﬂg%%»%ﬁie%*&?H's%e’fﬁ@ol&%‘ﬁ%% Rugg all

angles in ~ steradian. That results I n current w and di aphragm

resi stance Rto b@tengierdereainddpendean imside Mhg2 bflehpsfihfe2 oM abont B td Rd"' = J
2e2nEF D2 PCTIUS112/022(3 If tunnelin throuqh t he di aphragmis invol ved
and its acti wboydPPK; andsthp sendugawity-p{the superpalargpds pdepcndent o kisFe! i ng

probability, SOng: PRGKS Of 1% Pﬁr=%HKbhesw(5t§aatE@hgsﬁfﬁ§9fmqt&.aﬁ).resistance

. t a?
i ncreases. Thererore, %ﬁé& final expression, 0 account “both

conponentss, can be expressedi.as: ThetpeciidcdndBetvity ofa RlperpoRzorrmédsire@e2nE F
D2/3(d ) 10 For practical ainms, this fornula can be sinplified to: Pm Rooni
= R~ + R2 = Dbydifrentneethads arpgureniad capeehnieplly infiityeFerrinstanceespseifiond t er m

Decor PRl FHERHRI 87 BT ¥ el AT A, oo
least 1021 S/cm if specific conductivity is estimated by a magnetic method. Thus,
the conductivity of an “electron thread” is at least 5 orders of magnitude higher

10 than that of copper or silver, and in certain embodiments can be 15 orders of
magnitude higher.

iv. Increasing the current J above J¢ (the “critical”
current) causes a rapid (< 10-8 s) transition to a highly resistive state. Depending
on external conditions this transition can be observed in both reversible and

15 irreversible modes.

V. The conductivity of a superpolaron is independent
of frequency over a range of frequencies from 0 MHz to about 400 MHz.

Vi, Electrons involved in electric conductivity do not
contribute practically to heat transfer. In experiments this results in a violation of

20  the Wiedemann-Franz law by at least 7 orders of magnitude.

vii.  Infinitely large conductivity of a superpolaron at J<
Jc results in zero thermopower. That leads to Seebeck coefficients S of less than
about 1 pV/K in wide temperature range.

viii.  In the case the “electron thread” contacts with

25 electrodes made of normal metals some contact resistance (“Rcont”) is observed,
which is controlled by tunneling of charge carriers between the electron thread and

the metal. This results in nonlinearity of current voltage (J-V) characteristics.



I

probability where ~3(d ) |I. In the case where the conductivity of an

el enment is controlled by tunneling through the gap, conductivity depends
mai nly ogvd hgosyplyue of d. Several different el enments can gerpagdasia take
advantage of this situation. 1 Elenents Having D stance d Less than About
0.1 nm20 In situations in which the gap d is less than about 0.1 nm such
an el enment may be used as sinple nanowire for use as electric connectors
for power or signal transm ssion. Wth d being | ow, the resistance R-ont is
very close to zero. WO (12/(18019.1 PCT/ LI S02/022G3 21 Current-voltage
curves of such elenments are linear ones with good precision. The dianeter
of such a nanowire can be as small as p5nm and can carry | ow power signals
with current of |less than about 10 ~A. Increasing the dianeter to about 5
~m can provi gg,dQt b gﬁ'@ﬁerﬁ l b8Mthe P R&8RUBakrRr 20QU cadd LOTERBHAIng0 A S5
The sane el enment” may be used as an irreversible current imter or "fuse"
to protect agansfetmahess ofEY cmeecurrents above about 4 to about 50 A The

transition tine of such a || mer_does not exceed ab% %1%“% s. .2 Elenents
Havi ng Distance d in the Ralge olCXSGURCTENISTRPBNCNE NAKE hatimhe el enent

havi di j f; i : d
aving gap ('gé@)%ﬂh%@ogtggtb‘é’ﬁ?&n)ﬁ/‘n}?%ﬂé&%&d@{égﬂgg%%eﬁﬂg\?cuk&@mcﬁ@&SQEe used as a

conbi nati on a nanowm re carr current, J of
about 10 5mA wéstilting Jr\everves édhébicapecidiotpetilinnees whichrand gpicaltfoe)seplcunt ry 15
agai nst currents that are too high above Jc. Figure 6 depicts the

rel ati onshi p§omegtiREBYEERAWO Sunareppausiorssaparpied By fagkngbaryer nanowi res havi ng

gaps d in the range of abou% 0..SDQ%Egjae?S?R%%gﬁﬁ%nP%Qgssdjfﬁfegy_sa}eq@% of d and

D deterniine the slope of the |inear e cufve shown-in Figure 6 in
the range of syptdiedepa bighifeem distdhcasiipMpolaldis Srd lledol joinshitipethlotws such

el ements to be used as variable resistors in 20 the range 1-10,000 Ohns.
Addi tional | Yo formistahde pondyctingastaytor byadle HEigIre 2 b ARviBg digmete abowturye at V c,
t he sam;l el enent s. can, be. ysed .as. current. stabilizers. WO 02/ 118019.1 22
PCT/ U0 2/ 12?‘5333“’5‘0 I‘%Prgﬁ'flge%e\gianémffoswgn'ce d in the Range of About 1.5 to
About 2nmIn the range of d between about 1.5 nmto about 2 nm the
tunneling 5 coefficient beconmes so small ~i(d )1 that J-V characteristics
have a substantially di2ffer Magneha®Pxepenties shown in Figure 7, fromthose

st ated T g g SR o LS e Bl SR LR I Pt
of this invention can have desirable magnetic properties. Because some of the
15 magnetic properties are associated with structures having superconductivity, in
practice, electrical properties can be assessed using observations of magnetic
properties of the polymers.
L. Consistent with predictions of the quantum theory,
it is experimentally shown that a superpolaron's conducting electrons are in a
20  specific magnetic structure which is termed herein a “ferromagnetic domain.” In
a ferromagnetic domain, the electrons are arranged so that the electron spins are in
the same direction. These domains correspond to very weak or “soft ferromagnets”
because their coercive force is less than about 50 Gauss, and in certain
embodiments can be close to zero.
25 i, During the formation of microwires, the distance
between neighboring superpolarons becomes smaller (see Figure 3) and magnetic

interactions between them becomes significant. At this stage a microwire



. discrimnator. An additiona

Figure 7 depicts the current voltage relationships for a passive elenent 10
havi ng d between about 1.5 nm and about 2 nm At vol tages bel ow -Vc and
above Vcawd ioogei9ss a |linear relationship between applied wotisga2Xsand the
resulting current J. However, at voltages slightly higher than -Vc, there
is an abrupt change in current, with the current decreasing as V returns to
Ve. From-Vc to Vc, current does not flow, but at Vc, current increases,
and as V increases further, current 15 increases in a linear fashion.
Consequently, elenments having this J-V relationship can be used for | ow
power signals transfer enhanced by the several advantages. The el enents
having this type of J-V relationship cap be used in mcroelectronics as | ow
power nanowi res or non-linear resistors having high resistance above about
10, 000 Chrrs %nggm%%c%ﬁcfbn@y |oVs Y drREE: HahsiGors WORY E&rethagdktisitgnal
property of this kind of elenent is due to a
conbi nati on aftifeabaiagneicyoréiérg Aneiteraglanagnete fieldapplisd g this wteenedide; ficity
of resistive nature which. appears during, el ectron tunneling thr h the gap
d. Taking inﬁ@gﬁ%’dﬁYﬁrS@ctH@t Py Pa‘&FgFﬁ%s‘%?‘b‘??PFg%a @BBE‘?ETF&ACF% e?mt al s,
the vol tage qqam;.yy 'fmé(nsgg%?rescdoﬂg%@atg séoh @ftrah§igbn Iep&@idatonae didighcem ssion
of light quanta in a w spe traﬁ range fromnear 1R up to far
UV- wavel engt ibetwideh Supepblarons madmsayt veeg éroel efenthsndrads beussstocdit deashanoscal e
broad spectrum opto-electronic transforners of electric signals to |ight.
Due to the rdwdlesibility of VWO 02/118019. 1 PCT/ US02/ 02213 23 these
processes on the mcr opl v . opt o
el ectronic recei vep' regﬁlgg B{ragﬁé e§1]°P ﬁgggficglﬂgﬁ ?%lr 3@% §?rfcmgie§é§?ﬁ§§1ﬁa3
Monochr onat i GoRdiitiens Ivaehripgigtowing Befeppotarons forhincamnttimstlosddt loops,esi ous
el ement No 3 above, based on superpol aron-netal contact .and provij gi ng non
sel ective optshownatFigne 4 rlagaghoy deser donp, dipplen ) the gmer pjtion Zigpriente

"light-tpssi |5 i - | et ' I t
can’be bibe Bl SRRV SRR 1187 oul SoR it SHorl ROl S0t

(Figure 8) wWhh&whrdpossess a high selectivity of opto-electronic
transformation. 10 Figure 8 depicts an adj ustabl e opto-electronic
transfor mer oper atSush clasechlonpsran havsrxtiemetyligh eondpctiy it i theploes G

wavel engt hs. Two superpol.ar.ons ar.e aligned coaxiall - bl e

super pol ar on,be\Y\RﬁY%aSn‘H’t ﬁ?alc‘gww °’(p§ﬁ‘§%§8g QP%EET%&&&EO%S%?{ gh)ghrgg}éof t he
doubl e supernghtarka. hseqiRntly, the ENAES of RRteBRP nia@hetic elddas isdiperapol ar on,
and |ight quantum hw is shown 1 npinging on the gap. The idea is 15 based on

t he quantiim pecsistemroutryntoh seapeslpssiddeam end,nn srrhecase|the loep can BOMSNs are

pai red and condensed on the,_sane energetic |evel. ..a.f f opsistent with
bot h theorgati%%ﬂmﬁP%Wﬂ’%nﬁﬁﬁt&e@b‘éﬁ"ﬁ%ﬁmﬁn&égﬂ ftgssﬁglg bgrt]ﬁeegg?éeﬁ]al
voltage Vis tﬂQRJo'p%ﬁd Bgtﬁe%lu%lbﬂce@nhﬂmﬂ SetuRardty 60 Blo&idboysupdrpoRiroont act  of
two superpol arons, |1ght absorption and em ssion is illustrated by 20 the

energetic di aigttamiwep thetneidrasooric gee of tig: loph,dts carrent depmagnetig NFREesn of
generation of an electrjc,si I e to the absorpt.ion of. a quantum of

l'i ght, or the“QthWﬁr%!HaBY a‘?ﬁg‘og%%aﬁtéﬁedel?yeﬁo&fp ‘QE%?FeVa‘“F% t he doubl e
super pol 3pon into a quantumof emtted light. The netal contacts have an
applied voltage eV between them An incident quantum ("light absorption")

rai ses the energy | evel3 bet wappli@fions pESppiraonductingBuperpalaxpnguant um
("l'ight emtting”) has an eper

) gy thojt dep?n S .ugortl. t he v Ivt aﬂle é/busV\hi ch has
a non-zero val ue dREPHEIEREINSOPURTRUIOBHO! JYSHRYFIUEOP B8 WEEn™HE
super pol ar Cmsapp]ications. For instance, a parallel array of only 1010 elements having the length
1 micron each provides a superconducting wire as long as 10 kilometers in length.
25 Such a polymeric wire is self-insulating, has diameter less than or about 10

microns, and can carry current up to 50 Amperes without substantial energetic

losses in the temperature range from -273° C to ‘about +200° C. A remarkable
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WO 112/ (18(1 19-4 24 PCT/US112/1122(3 From a quantum nmechani cal vi ewpoi nt
such a systemis simlar to the well known Josephson contact ("JC') which
at 0 Vo wooogohare 0 is the energetic gap in the spectrupapiisaayeanti onal

| ow a tenperature materials thought to be superconductors. Such Josephson
contacts can 5 emt coherent radio waves with specific frequency (cp) ~,J =
2eV / h, wherein h is Planck's constant. This process nmay be reversed and
guanta are absorbed if the same frequency radio wave falls on the contact.
In such case the strong change of J-V curve appears in the form of

so-cal l ed Fiske or Shapiro steps, wherein the relationship between V and J
is characterized by stepwose increasesifn J as Vis 10 increased. Thus, the
physi cal nature and behavi or of conventional JC and the system shown in
Figure 8 can gbg,Siidinh@ich Alvillen séBnifhdiBrddTRMEohls aBowrtil @Y dfpanimali f f er ence
bet ween t hem nventional JC systens may cover only the non optical band
of mi cr owavesnateiul, andlissopagltdessrittexveedyl gramy. t enperatures (e.g., liquid
helium), while 15 _the superpolaron el enents of .this inyention can cover the
whol e optical ran eapp%ga@ggglﬁ&cﬁg:vgﬁ aEQﬁ“Bﬁeéfsmeﬁtta"ﬁ’ﬁ%’itkﬁ:pef WSer at ure
(i.e., room temperalifRlrficiiiy She et tdeBbiqs 8 cdduld idiises. Somedffeccan be
electronically a usteg in ngnoseconds for any nonochromati c quanta havi ng
wavel engts f radmamsges ateRldsarifedrbeldby changi ng the applied voltage Vin the
range of about 0.1 V tao_bel ow about 20,(;[0 V.. ternatively, the V can be in
the range of about!l-0. 2 NregedugHonef egergeti ﬂ%fe?‘ﬁ%é?‘cgﬂf’é‘?‘tm&nﬁﬂﬁpwmns, can be
in the range of . oW | qthe

wavel engt h ofa% icgﬁ%m?pstgflg%é/%‘}rl,galglﬂgg\t}&w?sﬁlyﬁg\gﬁté@“\%Fto gg%rg%’i?% Flgggg\elelfaengt h of
light is shoryegf .Conmelciagmdodcobogitat aonseyeatces qfiaintt aarefevialeouand well, whi ch
corresponds to a wavel ength of about 200 nmin the far ultraviol et range.
WO (12/ 08| 11dpcumeedCT/ 115112/ 1122G3 Passi ve el ements such as those |isted

above can, work at .any peol arit { i i L

el ectr orrg%neti c radi at Rgl atoéﬂétr\%’lt‘{ageégggg 03*{355%%%43‘%%@‘%8{‘%ﬂ’gar$e§nge of
few volts. Th@iﬂ?@@@&b@eﬁﬂ' dureff) nfy®d ubalss biter & BoRIeak boertvatingand highh

frequenci es can 5 depend on both typical resistance R, described above, and
its capaci t andag-nighthiregulariy iheleetrisity ¢ongamph@it-ed. For instance, at tunneling
gap d about 1 nm spch estimation does,naot execee pagciit ancq,.C of
about 10-14 Farad ("F" )aﬂi RO\E’?{Q?%Q%'S%?“ ﬁu“%’% f)ag]v\grg 12? Z}nrr(g%t ggév(\i/i ?‘ﬂ glcdi mensi on

D of about 1004sfiAnalidy bilie Foltfel fEdrANERIThigh afdBAtk, B&AuédoBhe Fsencuch
el enents, the typical tinme-constant RC is about 10 10 10 s, which

correspohfls taf resistinsilosses. douendosf high lage powey kpassuspended e §ndeE 3FF | ow
power el enents, hilvi n irrens'lgn E‘)’Hﬁf aboth 10 nm and resistance up to
about 10~ Chn'€% ¥ ﬁas%g?fgfﬁ@%d RSSYHEPESRE of C and RC are about 10-1 g F
and about 10-11 5’4.reSF}Fl‘EEild(z@‘bé(l{agéﬁ&ie%fﬁcﬁ?rcﬁﬁﬁ@@i@dﬂ)utéd wrnbamicstbreesuency  of
about 20 G gaHz and can be increased further, up to 200 G gaHz, by 15

decr easi ng t hdiracdg) witterut ¢het use abouermedidtedransformpgs. speed be further increased

by further decreasjn Alimt of fhe i c freguenc n _be near w of
a)t;out 10'5 s'', wh rg t hekipg e é‘ﬁﬁ%“ﬁ% B‘?m{jgg ag?veectl%fl%ags fgaﬁf;epagﬁ%;ﬂ(lﬁ% mat es

the size,gf a,5H4BETRREAT ABw power plants can produce low voltage DC current only,

because for power transmission DC current avoids capacitance losses and provides

many other technical advantages.
6. Further improvements of today’s aging electric infrastructure can
be built around superconducting wires, including high efficiency DC motors, power
25 switches, a wide variety of electric appliances, low volume and high capacity
magnetic energy storage devices (batteries), different cables for both power transfer

and communication systems, and the like.
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20 5 Inductive and Long-Term Menory El ectromagneti c El enents The above
sections 1-4 described el enents whose properties are based on purely

el ectricgioho@owses of superpol arons. 1n this section we gopgiERK2SOME 25
enbodi ments incorporating el ectromagnetic features. The first el enent can
have WO (12/0S(119~ PCT/ US02/ 02213 2G hi gh inductance, and can be built
with the use of a nanowi re descri bed above and situated relatively near to
a superpolaron in the formof closed |oop (Figure 10). Figure 10 depicts a
hi gh i nductance el enent of the present invention. The left hand elenent is
a |inear superpolaron as described above having two netal 5 contacts
(shaded areas). A voltage is applied bE ween the netal contacts, thereby
produci ng current Jo. The current thro gh t he superpol aron generates a
magnetic field (H) around the superpolaron. The elenent on the right is a
circul ar superpolaron. Both linear and circul ar superpol arons are
magnetical |y un ecause i me- jc . field Hcreated at
time t by Iir@gr @gﬁr%eﬁ%&effltéle'fﬁnfg%ggéej§H"§Hg&g{r}§%’°§? the cl osed | oop and

i nduces circul ar gyedri debidedl(clectricliddvices et I¢ Aibmagiwsmtbaibeasibgni f i cant
energy in the magnetic field of the circular superpolaron, and its

i nduct ance befbredifierrnhtynpydfeienanary elsarentst | h passi tworpRHB Rlementssddh an

el ement depicted in Figure 10 Vi i ncr.eas i.ndu nece n. 15 be used
For the for mabtimegmesuiFh aeds g e eseDgales oot i YR PRE ot gn ~
frequency ge%mtcﬂh% supepbolafats, Gh&8Y corbits! wseful %Sinkﬁﬂwfﬂ floW & glédReaeCt roni c
circuitry where high inductance is useful. Sone specific quantum nechani cal
di fferences ewirsit, geneveting trhagnbeh aidldy ioducingdileotiaesd | curgtisc by searhy

nanoi nducers as depi c@ed in F'ﬁ]a ure 10. T%lg persistent 20 current. Jind(t) in

the cl osed | SBPCEES BRY PHiek: BlATVE!Y: HPIG AEEntSs %ﬁ%%eef]leglemsu%?%ﬁt a no

penetrating tBrRUARoh6f hAR M &Rents NR1 EAPRAGEACKIIREacH HleOd ddi@efiBONEt i C
flux is depicted In Figure 11. Figure 11 depicts the relationship between

magnet i cl@uarehergg pfrom xme efosa do amother, dbi exappleppicedelediic deyjpest iopticalant a
under a given condition (CP) di V{??"ﬁg bg t he 25 nunber of nmagnetic quanta at
a basel i ne stS¥itehgse pisshanea! papsors 8IS I5¥ESed (find) in circul ar

superpol aron. As the nunber of magnetic quanta increases, Jind increases in
proportion. Al so depicted in Figure 11 are the critical currents -Jc and
WO 112/080 19-4 RCT | Rassi®ORlehiehit{ 3 27 Jc, above which further increases
in the nunbers of magnetic quanta_do not result ased i nduced

current flows. Th&aHWeRIEMGRs el tagrf goyRYsS eﬁ‘@ﬂs’i‘;‘{%i _’(‘:r‘g‘f’?ﬁ epjoted 1n
manuf act yg e q:fn%l!rg'gg %Eg%]se R a%uﬁgqﬁ?l}a?o ﬁég?r{ﬁasit{\%' (gﬁ”illgd %Qaﬁvé?—.’jg term

(
menory el'enments  are on the |tny a superconductTng ci'rcul ar
super pol ar on charge®idipales(ardws)) ehecat dontacts éshiadddoareas),| ovajtage seurce (Vpne type of

enbodi ment, the LTME conprises an el enent_ as_ depi ctgﬂ in Fi %ure 10 but
before conpl ENHAT BIIUdRE eatach FesistaspéRpel AR COMESIFA Slement OF SYSteRder to

e e oA At A B S T pupb UG ABLAN R kARt 1) o
between two metal electrodes, with a dielectric gap d between the end of a
20  superpolaron and one electrode. The width of the superpolaron or microwire (D)
is between about 5 nm to about 1 um.
In the case of electrodes made of normal metal, the contact resistance Reont
shown in Figure 5 is always present and depends on metal specific resistance Pm,
the contact diameter D, and dielectric coefficient f(d) dependent on the gap (d )
25  which reflects the efficiency of tunneling through the gap. Electrodes made of any

normal metal provide always two major components of contact resistance Reont

of a contact area having diameter D. The first component is localized directly in



. Structure de

L

10 Iinear current JO ~ 0, but the circular superpolaron is not finally
formed yet, so there is no induced current; 2) In the presence of a
const ant wgenghiss field the formation of a closed | oop isp¢hesiarsgl et ed
(not shown); 3) Persistent current Jind # 0 is induced in the | oop by
changes in the magnetic field, dH/ dt ~ O while switching off the witing
current JO. Sane steps taken at Jp = O result in zero induced current 15
whi ch neans logic "0." Note that Jind is depicted in the reverse direction
fromthan of Figure 10. This is because Jind is induced by the collapse of
the magnetic field surrounding the |inear superpolaron. Due to the
persistent character of the current injiphe closed |oop, the information
witten in it is saved independently of whether a linear current is 20
excited agai Qhé’£d'§f%ﬁt QRNEL 80P YelaP Ph firstl EmpARBhCIepeadseorly ob heetdli nal

pI cté In ki gL?re 12b can be read by the application of |inear
current JO t lspedifih réskiearice iRyarand up@procklaofothe cOhiect didmeted [ uandenay b t he
device having logic state "1" is its maxi mal value Jc , whereas the induced
current in tReP@EUN¥ed plAIIAYS| ogi c state "0" corresponds to the zero point
25 on the diagramdepicted in Figure 11. The logic state "0" is equal to
the state of high inductance el enent producing sone delay (or phase shift)
bet ween current JO and vol tage appl¥ In contrast, for logic state "1,"
the induced current in the | oop WO T12/08U19. PCT/ USI 121022C3 28 has a
maxi mal val ue al ready, and consequently, the application of current (Jo} in
the |linear superpol aron does not change Jind further. That neans the
i nduct ance of the Bieesweortd ¢ampangitcappliet ® any'normabmetabwlhe elepisen 86Wa si npl e
nanowi re and no delay .is produced. This provides a.sinple way t
di stingui sh rBEdI83 %N 5}%@@ éhen HPWB‘B&P?%?’QW? ‘SlsiBBnﬁ%‘F gltaﬁg%rgg%cfe LTME.
The char act er&ﬁﬁ}?&nﬁidﬁﬁ tioghe LTME is limted only by the dianeter of the
ci rcul ar superpol aron, Ich can be in the range of about 500 nmto about
1000 nm Usi nphikeemponeat cemsbeadstimaged dtane thelknrwg ulandity of@leetron stateg nearCnp Gauss~
the necessary witing-reading current JOis about 1 mA to about 10 mA,
whi ch is180 skemapreaeY & the el ement #2 described above, and is enough to
create |l ocal magnetic fields in the range of about 200 Gauss to about 2000
Gauss. B Active Elements In contragt with passive el enents, whose
characteristics are technol oﬁﬁc.abl}i”.‘lj\/migd and can not be changed in
tinme, active elements are nudB nor@tfl exi bl e; t hey can have at |east two
(and, in certain enbodinents even nore) different discrete states that can
be chosen and changed in tine in accordance with the use of external
electric or magnetic signals., QU [ T ey W) ; of the
ability of el gﬁfrf Hgt, G (lﬂnénﬁgz ?o‘ﬁje%rtgn q@ e\%@ ? ?ﬁ&%:dﬁ%\?mﬁﬁséétt%&?ﬁg%ge their

account. If current flows through a diaphragm having area nD2/4 and a small

15 voltage ¥ is applied across that diaphragm, then only those electrons can cross the

diaphragm area whose energies are concentrated in a narrow band eV near EF with

\/E'F/Zm

average velocity v, =

wherein averaging should be taken over all angles in x steradian. That results ina

20  current flow and diaphragm resistance R, can be expressed as
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20 quant um mechani cal behavior and to junp fromone discrete state to
another one if their environnment, depending on external electric or

magnet i ¢ W §lghorgghanges in time. Bel ow are some exanpl es gfr/ashlossssel enent s
for illustration only. WO 02/1f18(111-4 29 1 Field Controlled Switch

PCT/ 11502/ 1122C~-3 In this type of enbodi nent, an active el enment can be
created on the basis of a current carrying nanowire if an additional gate
el ectrode is situated near a superpolaron, but without direct electric
contact with it. Figure 13 depicts a field 5 controlled switch of this

i nvention conprising a superpolaron, nmetal contacts (shaded areas}, voltage
source V, a connected elenent or systenp(in ellipse), and resistance Rc.
Additionally, a gate electrode having width L and a gate controlling signal
G are shown. It can be desirable for width L of this electrode to be

- greater than the gap d. For instance, d can be in the range of about 0.1 nm
to about 2 nm 10 and L can apqﬁt=100”ﬁn1 Ihe function of such a field
controlled switch is depictedn Fi gune?f.. pM’negative gate controlling
voltage G applied to the gate electrode, creates a | ocal change in the
potential difference within the nanowire ("bunp"). The |ocal bunp can

i nfl uence electro ehavi or, endi he ' i.ght 4 t:;Q quant um
15 nature of eIecgfglnﬁgg%ﬁ%ﬁﬁg}ﬁgﬁﬁ%pﬁgﬁ%wﬁfgyg@aia ?#?e%gﬁg¥§Ftﬁations

&1 thi & sretseltd bl AR KO Rn iR IR softe pR 0Pk S dle, PO 0T

super pol ag on' &, ¢ harGRE@ahd MSredkRnEOMIRASR] THek&fores tiftafinal loipiehiion,” egi e,
the 20 swtch's conductivity is controlled by gap dinension d only and
doesn' t depenaking iryatecount ladly cor@enents| casl heaxpresseda@an go over potenti al
barrier. b. Gate voltage above GO In this situation, the potential barrier
exceeds the charge carrier level (Figurel4b). In this case the electron

fl ow stops because even the slow tunneling 25 thtough sdch a barrier
beconmes unlikely due to the Biodth B+ Ry 7 tRi pare, kpglgjectron nanow r e
beconmes broken and two nore short, electronicéﬁiy1|ﬁdep ﬁ ent, WO

02/ (18019.1 PCT/ LI S02/1122C3 30 superpol arons appear instead of one |ong
initial superpolaron. The transition back o conducting state a above can
occur if the lcpjﬁtpéa%ﬁlt%é th'étfma?%ﬂl?eﬁ“ﬁwlfgiﬂto'Such a nanoswitch resenbl es
the well known field transistor used in contenporary sem conductor

m croel ectronics. Nanosw tches and field transistors S can,be made using
this typ%of el enent, and cap hayeRldi 98”§i&n§- Asl s rePbmasmapbout

cont D 2DfA(d)

Therefore, the second term becomes important or even dominating at very

small contact diameters where D<<100 nm, or in the case of a very low tunneling

probability where f(d) <<l.
15 In the case where the conductivity of an element is controlled by tunneling
through the gap, conductivity depends mainly on the value of d. Several different

elements can be made to take advantage of this situation.

1 Elements Having Distance d Less than About 0.1 nm
20 In situations in which the gap d is less than about 0.1 nm, such an element
may be used as simple nanowire for use as electric connectors for power or signal

transmission. With 4 being low, the resistance Rcont 1S very close to zero.
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|00 nm. There are sone significant differences in function between
conventional and field effect swtches of this invention. Non-coherent

el ectronyw@®yeeeiys i n the conventional field transistor reggh/iiSoda@ rather
snooth transition between its open 10 and cl osed states (dashed curve in
Figure 15), but the switch based on quantum features of a nanowre
denonstrates at |east 100 tines sharper transition (solid curve in Figurel
S). In Figure 15, for a nanoswitch of this invention {solid curve) the gate
controlling voltage G less than -GO produces no current J. However, as the
gate vol tage reaches -Q, the current J increases abruptly with voltage. In
15 contrast, conventional field effect 2transistors (dashed curve) have a
much broader range of voltages over which current flux changes. The result
i's that the napRR{MGIERe QfirvedbBsubh ¥RMHehRRre NANoMEOAH gbodPPécEsi6n. Mhei LTy, can
- consune at | east about 100 tines |less energy during a transition, and can
act at |east didmeter dfOQch b mesovisstasrbet dssmalisas Sl nrh, andctan r camsi lewogpowez0 2

El ect romagneti.c pi.d Random Ac vi ce The ,abi gate

el ectrode to Séﬁ"&ga“é’%WBHO#nF ?%%?éfﬁg%‘%&egs gttﬂgdlﬁgleheri%ﬁ%% | i ng

vol tage G > %ﬁl otvfaerf@rsﬁlgﬁe@ chﬁeﬂt%@éﬁ’ﬁ%%oﬁf‘mto@bﬁum Apermts

manuf act ur e an el ectromagnetic elenent for a random access nenory 25
(R AM wh ch conbiThesamernmnopey bé¢ exdas ah omayetserlercunegnd hignitst em‘l‘fnse”vmth an
ability torewite this infornmation as desired Bec ectrl currents
in circular WSt pEIRREIeTUCHIEGUTCRE PHPYPRPPY 4P @B@&i‘?e&ﬁ@s YA be

persi stent . GGE GHuERRTHIRL uf ot el Bhgdowhy e i ntaining written

i nformation for a ] exanple only, such an elenent is
simlar to a high i nduct ance eI enment depicted in Figure 10. One funcitional
di fference between themis the 5 presence of gate el ectrodes g near

li near super pol ar & andlementsHaying Distapcg grindhe Kagge oF ARovud-Prmdessary
feat ureslof such a RAMAb@ardmmappear as a result of setting the electrical
potentials of these both gates. Figures 16a-16d depict the steps required
to induce persi stamelemememlﬂgrgap bmmh]roaulbaﬁmupwpowammctmouesmndi ng to
|l ogic state "1." In Figure 16a, logic state 10 "0"(ng circular current even
at @ < GO ) ¢a be usedps awgnybmaﬁ@n\wgerr@nwléﬁ éamgns]a"wlﬁ@awewﬁr%rné because

i near cur  ertieal 4 ERERD b BB BEerGP RbEf i’ 8o pRAR URTApAR ) &)

(Figure 16Db), agmﬂst Bfréptd Gl are 68 MigNiboapIEATigre 6t dupides aieenalahom;pszl} In
Figure 16c¢c, the | oop becones restored due to Q < G in the Presence of

magnetic fiel u:twm t59 v¢1nags|\gmcbthqs@rrertt ﬁéorg@newmwlaawmg gApg Aap therangeco st ops

| i near current he ¢ magnet i nduce: i stent
current in ci ?%P éﬁ'ﬁé?g% -#hc?gq“@c AN o?d gsD'(tjcclf;le i's ﬁ? Qggﬂéﬁ t he
sane gate V0|&@%@ar%ﬁ@ec&%s@wmn@%@%hﬁ th‘élaﬁmgafofwsn&gsswtvem\gm nt
shown in Figure 1l6a. _

and V¢. This relationship allows such elements to be used as variable resistors in

20 the range 1-10,000 Ohms.
Additionally, taking into account the sharp break of the J-V curve at V¢, the

same elements can be used as current stabilizers.



Because the signal & > GO during the second step breaks the | oop, the 20
circulating current attains a zero val ue independently of its previous
state. Teyowd/ds@1d409i c state "0," a simlar sequence can becyesedi2yst h the
only difference that during the third step, the voltage of the gate G 1
remai ns greater than GO and no linear current is allowed to flow. In such a
case no persistent current in the loop is present, and |logic state "0" is
fixed. 25 Reading the state of such a RAM el enent can be simlar to the
readi ng procedure fromlong-term nmenory el enment described above.

Nonet hel ess, other nethods can be used to read the state of such a RAM

el emrent . WO 02/1181119.1 PCT/ USf| 2/ 2222C3 32 The sizes of active

el enents can be conparable to or | ess than those achieved in conventional
sem conduct or m croel e@léRéi s HavidpDisdvaéd ighe RangepAlpaltdito Abead RAM

- elements is that they 6gj; require energy consunption only during the
writing-reading process, Once induced, the persistent current in a5

circul ar superpolargn (zero,f | 0qi ¢, st.at on..z .| ogic

state "1 ") can bi"ﬁ&i{?ﬂ’%‘? ﬂgd‘?i’g?”e_gn éuh%%t?laﬁtnpafo @}%%Qw'ﬂ{'h%ﬁu%%ﬁem%eed f or
ext ernal energyricihi oMy nUERJ )0l tista -V ekra@aestigyhaensubgdrtalyat  nuch
hi gher work frequency, and an ability for non-contact information transfer

bet ween nei ghibfferere|chamntes . shewh oy Figuid dnfiem shasgsbestraredtin &1 6 @howvt Rapi d
Menory 10 El epent. with | tigate Control. El ntary._unit Re s and/ or
rapi d memory FéF WP%)’f‘yuﬁrﬁe‘ﬂ}eﬁ‘éilgf‘frfaftroéﬁéefJg?erf‘élﬁlvet nle%Pé’l@S g)lsrgf@bg'g?f nor e

than one gat §;lisresikiaH@ €d near a correspondi ng nanow re. Exanples of such
bl ocks are depicted in Figure 17. The principles of 15 the operation of the
i ndi vi dual el enmentRguae & dbpits theaulrreRl vpltage tdlatienships Joma passive deraeri

i ncorporating quantum nanow res of is invention. A logi¢ block of the
AND ToyBe | hodingaetosn apei p andgbeie 2 by hreBRierspr Y YRRl ch
becomes open \pnly. i f L Riofl A BPlid Gokety hnanie RRLRInE2

coi nci de (Fi g\ﬁér]etp{?%éﬁ %h%eélj;%l 10%%%%%%&?@%1 shomﬁgeon rni ght (Fi Sgre 20
17b) can be usednds Hogiver, bl vidlagésGREhthhhigherahdnaiViesthtteas aredhwes ahgngeogi ¢
state if any of gates G2 to G6 provide the neces\farFy in,@ut ii gnal Gh > Q0.
4 ' Triple Logcerem il thecemey decreasgas i ihirptiosy S M -¥a Y EntUiiitan

el ementary el gel rngtrrﬁgxg,e%&tcat '(pcr,"efléferﬁq{‘l%{egsés,parnﬂvésqﬁ%c@edg&“fu?@%%ﬁﬂéﬂtt y for
or a conp I q 't is well

the creation vanced conputer techni ques. known that triple
| 0gi ¢ Sy$% ensintrshdegid Nliger dishfoar ent | ogic states "1", "0", and "-1" (herein
termed "trinary" logic systens) allows gne to devel op conput ers havi ng
desi rabl e char att €fonsequeatlyceents hanng theonyrelationhyyfa “Sﬁg OV ogi ¢

with r power signals transfer enhanced by the several advantages. The elements having
this type of J-V relationship can be used in microelectronics as low power
nanowires or non-linear resistors having high resistance above about 10,000 Ohms

20  combined with a low voltage noise suppresser or signal discriminator.

An additional property of this kind of element is due to a combination of
relatively high voltage range 0.3-6 V with the specificity of resistive nature which
appears during electron tunneling through the gap d. Taking into account the
character of the electron spectrum in metals, the voltage drop V may cause, instead

25  ofheat generation, the emission of light quanta in a wide spectral range from near
IR up to far UV-wavelength.
This feature means these elements can be used as nanoscale broad spectrum

opto-electronic transformers of electric signals to light. Due to the reversibility of
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V1' O 02/ (81119-4 PCT/t1S021022(3 . 33 logic states "0" and "1" cannot
resolve the technical difficulty of creating sinple logic el enents having
nore thagyd wingsiabl e states. However, el ectromagnetic nmenprpuselohss3of this
invention can be used to solve this probl em because persistent current in
the sane | oop can be induced in 5 tw different directions at two different
tinmes. In this case, logic state "1" state nmay be represented by cl ockw se
current, logic state "-1" by counterclockwi se current, and logic state "0"
by zero current. In order to construct a triple logic nenory cell, the

bi nary nenory cell depicted in Figure 16 can be supplied with only one
additional nanoswitch as it depicted ipm3Figure 18, thereby creating a 10
trinary nenory cell. Figures 18a and 18b depict a triple |logic nenory

el ement havi pgd g&_cwsiﬁ b theRRAZVOPIE W8, tH@nid dlé@hers§ alag skive abopr- af t er
- witing procedure is over: logic state "1" can be witten if the vertical

switch has bekntramt receivefsi ayd trensfenthe lighidolelsgiric signtle "- 1" results after the
action of the horizontal switch (Figure 18b), 15 as observed fromthe
direction of the induced current. Logic state "0" (not shown) is created if

both switches renmgin i RactickEoiliié OptdiBledfrbhicTraRsReMéry € is carried out.
Signs "+" and "-" show the po?arity of the electrodes, thick white arrows

show t he sdi r ect i ofin efntrastivtityedousetemant No 3ehete, basséon superpoldsen-meial r at her

si npl e exanpl es consi dered above show how 20 nanoel ectrgonic, el nt ar
uni ts for med coBPe@nd areIding BANGRECUYEPPIUFIEPYTE tr&f‘slr‘}g‘é? ‘r‘?f‘ﬁ%%‘?%%’ﬁ%ti on}s/. The

exanpl es providegd herej £ | I gely to
illustrate hgbvgc@%mngés %ggﬁlagfw%lﬁte\%dev@ reﬁ:ﬁgﬂng%}tgtseoﬁ ﬁ%glﬁ?P f:effégéndtt)EgI(?(r)nr?bmi»gr?21ti ons can
be used to bwabdd oNprepeisf bortdarbngipersdlaootumebcontactAFigure 8pwhish) 11 - 4 34

5 Nanoprocessors i PCTlI USU2/ 02213 Usi ng devi ces nmade from quant um nanow r es
and ot her el ®eewss2 highgelegayof gptoreerioa tﬁq’ﬁg’ﬁ’%‘l&' B can be created. These

smal | processors are hegrein.ter | ) y re of
nanopr ocessor s ca?‘%‘gegd%@grﬁ%)ﬁ 88‘%3‘@3‘%%&2‘2‘38?@?“%‘%%4 aggégggﬁf erred by
t he quant um eh&RAtomadk qubiits in Bwads ianpe oSpacdléngtia. | Two siperpaargnd aw power
consunption and small size can permt snmaller processors {B%{% B%sg};bl e for
convent i onal aignedemanially rferm Eiuble WpemaBIIT Withmeta! eortasis (shadsd Bgafade t hat

g? gf g,msaﬁge(rjga){H%Asﬁsfglgc{stog%e%%lgggﬂe\fpoﬁﬂggﬁ.t Tltné éﬁ‘fa’d igWiEQ@lethﬁfo?QQiﬂgﬁ of logic

superpolaron, and light quantum Aw is shown impinging on the gap. The idea is

15  based on the quantum peculiarity of superpolarons in which all free electrons are

paired and condensed on the same energetic level, a feature consistent with both
theoretical predictions and experimental results.

If an external voltage V is applied to the system in Figure 8 containing

tunnel contact of two superpolarons, light absorption and emission is illustrated by

20  the energetic diagram depicted in Figure 9. Figure 9 depicts a process of

generation of an electric signal due to the absorption of a quantum of light, or the

conversion of the electrical energy applied to the double superpolaron into a

quantum of emitted light. The metal contacts have an applied voltage eV between

them. An incident quantum (“light absorption”) raises the energy level between

25 superpolarons. An emitted quantum (“light emitting”) has an energy that depends

upon the voltage V, which has a non-zero value due to the potential energy barrier

between the superpolarons.
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10 consune energy while the logic state remains stable. One can estimate
the energetic and ot her advantages of conputers made using elenents of this
i nvent i oRyd (h/gs@fmaari son with contenporary ones based on sgwf/ganddedsors. For
pur poses of conparison, assune that a sem conductor based processor with
frequency f now = 1 G gaHz consunmes 1 energy unit per second all the tine,
15 and includes up to N = 10~ el enents which store and process the

i nformation. Consequently, in the best contenporary processors, the total
power consunption (CPC) = 1 (energy unit)/s , and average power consunption
per el enent (APCE) can be estimated to be 1/N = 10-~ energy unit per-

el ement per second. For conventional segi conductor conputers, the maxi num
speed of logic 20 information treatnment doesn't exceed 1011 bits if the
processor uses 12 h d sybemBéihear @tedaege.

. Actual Iy that maﬁs&?aghénﬁl I§/ﬂe?§3?3m£§ea@(g]rcr"ew%%is?ﬁE]lgéorrgspondl ng to 0.001 % of the
whol e nunber ki®wn Jesephsahlcentact (EFHENgenicthai r |1 ogi c state for a given cycle
equal of about 10'9 s. Therefore, the simultaneous change of |ogic states
of these 128 elenents occurring in 10°'9 s, 25 re S the ene

appr oxi mat ed Yoy® the Whsre éwisrife Fﬁ?ré?ticoﬁ%’ni“pthelsﬁg‘ftg'HF & nEYYEDS @%?‘%/%e of the
change of | ogic sfates = WO 02/ UA1119-4 35 i PCT/ US112/ U221~3 ( Number
of lines) x APCE / f = 128 x10' x10-9 s = 10 14 energy unit. In contrast
with the energiperaareinietidlahoegnictrisupsnedndaenisc Snchiosephstrasmthctsmaput er s,

the energetic 5| tuation in a processor based on quantum RAM el enents 5 of
this inventi emiddoBeHaiRNdval with@bédifs BejuenBe@auge=t e’ Vitgrdietdioh tinme in
such elenents is at | east about 100 tines shorter than in contenporary

seni conduct i ngPlahelrerdiBtahs Gdisirgeasemby pe redvachd amrhqnmtaﬁre bhﬂgrbﬁdsfté)ﬁes of the
simlar 128 elenents requjres at_least 100 t

10' 16
energy unit. same fiegeeneysadigyaymkails on FW@W&&%?”CBFS%ZE‘SQ}? g &Pa?gffmj 4
| nvention up rléYochve agﬁ%ags 0 A2 l%g%'fbso fed BRLS bg}?hﬁﬁf&e& , Wekapdg of the

nunber of pa % om t 0o approxi mat 50, 000 nmeans that the

total power GeRGHERIY KEtwésAPCland 0 1§ﬂidrﬁcﬁermed<b9$8apwwamcimwxppﬂ axiVinat ed by
the follow ng relationship. CPC=(Nunber of |anes/ 128)x f new x 10-16 energy
unit = 40D x iperegsed10 (s-1 )x1015 16 energy unit 8~ 10'4 (energy unit)/s.

Thus,  power  consumpy | g SAMAEN G448 Bt QiR iR Bl ener Y

unit)/s. This dec {1 es 1 ess power eded t han

exi sting procRswRkSFi aq\élsn&nwmﬁha@rmmssan& tinethkefaies sighifioasisfferendsased on
t he above new el enent's can provide increased speed of information

processi ng f rstwebiierni Gonzentigpak I systems nysonetonly he pea sptigal Bypdtfout a

9000-fold increase in ¢ ed Th power
consunpt i on JH’(?WWF%&E@%B¥B%%%} Cagr\]'era/é?% p%%‘!ruggé %Cw)qlqtngek%'? gt e%’a{rii;%nber of
el enent s14 N ahPERfoRbn BEnRARIOTMHERIvRhNorPER cbOBOhE Whte opfficaiTangd df t hi s

i ncrease, the total energy consunption is still | ess than the energy

consunpt i on iwawhmgthspod aaryonnrzttc etszg@lpngntapmpqrn@rq @ﬁpé‘?cﬁ’ﬂ éﬁ“@’eﬁfturﬁ? ocessors 25
O L LT L0 R0 e i DR PS5 L% LR g o e
contai ni ng 1 opgBkekondt kB dn9M dhobIRblnatit fisdn@atthvifg wideleh Bthiffoen easIR to far
UV by changing the applied voltage V in the range of about 0.1 V to below about
20 10 V. Alternatively, the V can be in the range of about 0.2 V to about 5 V, and in
yet other embodiments, can be in the range of about 0.3 V to about 3 V. With
smaller voltages, the wavelength of light is longer, and with higher voltages, the
wavelength of light is shorter. A voltage of 3 V can create quanta of about 6 eV,

which corresponds to a wavelength of about 200 nm in the far ultraviolet range.



WO 112/1181119.1 PCT/ LI S02/022G3 3G contenporary ones. One reason for the
increase in the nunber of logic cells is that the decreased generation of
heat per yangy@elds makes it practical to design multil ayerp@r/gfizi@gdsur e
shown in Figure 19. Figure 19 depicts two processors having sanme energetic
and tenperature 5 regines: 1 ) Anultilayered regi ne based on quant um RAM
cells of this invention (left), and 2) a contenporary, single |ayer regine
based on sem conductors (right). In the quantum processor of this
i nvention, the sanme nunber of parallel lanes ( 128) can be used in each
| ayer as in conventional sem conductor processors, but due to a parallel
arrangenent of all of the 500-1000 | ayers, the total nunber of parallel 10
| anes becomes greater by about 1000 tinmes. An advantage of the use of
quant um pr 0CesSor Qildu smédly Qth o SARRIBEvE AnGai Rdhy poRKLRKBAAT
-architecture is that 1n planar architecture, connections between |ogic
el enments ar e ihformayorndigrdils (@ey clectrmaagneiariadiation)sind opltage okiapewer sPaply f eat ur e
creates sone difficulties i f one desires either to avoid an intersection
of two 15 el dBthaangeefdeW Volst o avoid the transfer of signals from one
evel to another ifhddatiifl diahth BibsivERRniss @fwérkar hidRapehdiss @AM
el ements can reduce thi's problemand can permt transfer of signals in the
z-direction tdupenthsh both typabrebiataacesk, desdriblet Asdivanatidits cepesitanctC whish each
| ayer may be insul ated from nei ghboring | ayers 20 bé gi elﬁctri c.materials.
The idea of swatbegasily eatmates Jiar dpsiances alsiugneling gand 2Beut § nFePichaly i n
Figure 20. Figure..20.depi 1:5S1 Hidqpgnet:t I
i nformation b% 1eLRn fj%ﬁ?enro gé’%fs édéaa%%g%lfaﬁgé)grogébﬁéﬁgpr ocesggltrT )gnegll!é&?%d in
Figure 19. | nofaifiafdvaieletienfswith Péirehsive Diof aboutd 000 hm, kaving aresistance
super pol aron generates a magnetic fiel ddgl-? 25 whi ch as'ﬁg:'rs. thro %h a
super pol aron R af abeutHedhms y ek suchrplemenis e ypice] wnercertyl R st { fduces a
WO

er pol ar o s _ | eParoat By
02106(1. 18 pc) bRASH Griibortss KBRIPRRMAR MRS GRHAE, P orent's on

that upper |evel. BUaHc¥RITIGAbowkNhertsdasing/dimansidreDcontont I @dmby
controlling el ectrodes as descriped above. By virtue of themrauléi | ayer ed
archi t ect ure afd resistapreapds sbous 167 Qhimsscarrssponidinghestimagonieif #if B dtessor

shown in Figure 19 (keft) ,can aitrul i Si .. Taki ng
into account Wt ?ﬂclr8 g:fas%‘ﬂ é}fé‘ggogfl 5 ﬁ?sﬁ?cﬁfﬁlbnr@@r%ggp ﬁésr?fg B@i@i‘?? Sclacd above,
one can esti n&g@eht;}eofsa%ﬁdzmi@ﬁgﬁﬁd cRHRGREE4s8 filrtheR@ipas 200 Glpatls, oy  above
about 8 x 10 Its. For exanple, by using nultilevel nanoprocessors of

thi's i nvasti odecrédsmgsbearesistapte w dbout B Ohmor Fee snead pa farthes incigpsest bYLo' it s
can be acconplished in as little bout. 10 m 1@ In
addition to i rdscigsiag e £ t&‘ﬂ& O?ﬁl‘ﬁéflﬁ e%%é’%?ﬁ“%%ﬁ%ﬁ%ﬁ%ﬁ,ﬁgltohsfas guant um
processors of wfBieS ({\EREIRRhCEN the c3ethsd afpnaRldpproximaateerthé hiae obrwenti onal
processors. For exanple, if the diameter of one ring-like RAM el enent is
about 500 nm aum@rpdlsosontrol |ing el ectrodes occupy an additional 500 nm of
spacé each, an array of elenents can be situated in a plane and can require
only about 2 mcron 15 or less. Such resolution can be achieved with the
use of exjsting photol i §hogr apethviCARPLEAY-TFARM dRGYEfebroflagheticlensi ty
of RAM el rQZnts is at Iegst 2 elﬁ(ir%:g' cm?2 %r hi gher, and therefore, a
processor havi ng about 10' elemients requires an area |less than about 0.4

cn2. In nultilayered processors, the z-periodici bet ween nei ghbor pl anes
can 20 be about 1 riheabRYe seeiqnR il @eégébf{%ﬁée“?%’tt%‘fvwsr‘?ipéw&%s a&&%ﬁ%ﬁnl ayers

does not exce ) STy i L comMRf ¥orgk enent s
can be pl aced%ﬂﬁeq)ya%{?g{nﬁﬁle%@gé%eﬁgjﬁ%gﬁﬁ%a%4thi@rr§<:ﬂ%rllje to such a snall

di st ance et weaibodinyenpbintorpbrathg siectramagnetit eapires: dbs first leesnt cap.IBvem i n any
~direction or less) the electric signals can travel this distance in an
average tine of as little as about 10'" s. 25



WO U2/ 118019 38 1V Sensors and Piezomagnetic Transforners and Actuators
PCT/ US02/ 022(~3 Besides their direct use as stationary elenents for
conput er §yo Bobdypassi ve and active specific functional unpggg@nle used in
t he manufacture of sensors and actuators. Sone non-limting exanples of
uses of conductive polyner structures 5 of this invention include: 1. |ocal
pressure and tenperature sensors; 2 high efficiency transforners of
el ectric signals to | ocal nmechanical deformation (both static and/or
dynam c ones) for use as nanoaetuators or in optoelectronic devices,  and
vice versa, 10 3 high efficiency nanogenerators providing electric power
froml ocal nechanical stress or ultrasggi c waves (USW. A Pressure and
Tenperature Sensors As descri bed above, specially designed passive el enents
may be_produgegh haudithddfa dih 80 bl ARG FrpflinowieRaHbRg abdicny on t he
. physical chara teristics of tunneling gap d. Tunneling gap d can be

appr oxi mat el itogted teattvelyf naas ech supttpokaron inrtbefmwf@mscg lappr(Eigurer 40). That s

the case while the dielectric polyner filljng th ap is.in .a glassy state
characterized by fégVerﬁﬁp‘G‘élaﬁPég%HS%ﬂﬁﬁ et‘?ﬁ%ﬂ} ?J@hggg?ﬁq%&ve?téoégl S >c/an be
obtai ned usi ngg mm?@gﬁge %éﬁl lg{ﬁgf&;}%em&ﬁr&gai‘ﬁés@ﬁﬂe@amkY]ﬁ?i'hgz\o'o nfeMIri x. The

situati on changes | ing the gap is chosen to be in high

el astic s§ at eohtdES)shadedarens)r Kivodtagoindpplicdristweendhdrastal eartigots, hewebyoung
nodul us (Y). Young's nodul us _for polyners, Ypol, .is roughly six orders of
magni t ude | egodusang qusrenidsn Thequpeaidlrpugh the s R%@a@f‘%‘iﬁ%@ﬁ%ﬁnﬁ%@'&) . In
this case, t | S ol s al cie ression

i f external Eﬁeéggﬁpgrg&@s%a%g‘fpggﬁmﬁ'e re gftelkn\(éﬁgtﬁ?pﬂget Weelga&t %eéstgmvari abl es
is given by tdigepalsadd. OBotidlifesdland kircBlat sifpepoljronsercemdgnetisalpapowmndwi dt h

W t hout pressure. WO 02/118019-4 39 r PCT/USOZ/OZE%F Due to ix%trong
exponent i al desseusderioee-dipendanhprngectisiedd M crsaled phHmg LB lipear gHEE W Dwr j t e ~

kd~ (1- PxYpo- d I Jo Q. | ighi tion.
(015 el Tromrene shPEue bR P ald A Rl B ER Ul gt on ©

exponenti al | ysyd@REBsh SubRitdsigsisich diefytin3hRignatic feld Hltvpoirculiter e R-o, r
~sar esi stancew t hout pressure cony changes and the sensitivity of such

sensor nust beipempoteeen, nghith skioacebesemesanychc Aigheehapfthy ofpdsingley cause
significant change of the resistance. 10 In the absence of external
pressure the "§| ement may be used as tenperature sensor because

polymers in HES stal& maerdy 8 dspiitéd iniFgkure 0@hiving Motcagdd indwrpmeatan e
expansion. d = da (1+ a OT) That results in final expression for high
t enper at d6e sbasised tort the 1formRatiRn) ofcketoic sigyple dplpyed Hpime, creating high
frequency generators, and any other applications knownin microelectronic circuitry
where high inductance is useful.
Some specific quantum mechanical differences exist between the behavior
of traditional inducers and nanoinducers as depicted in Figure 10. The persistent
20 current Jind(t) in the closed loop can be related to the number of magnetic flux
quanta n( penetrating through the loop area. The dependence of Jind on the
magnetic flux is depicted in Figure 11.
Figure 11 depicts the relationship between magnetic quanta o, expressed
as a ratio ¢/, of the magnetic quanta under a given condition (¢) divided by the
25  number of magnetic quanta at a baseline state (@,) and the current induced (Jind)

in circular superpolaron. As the number of magnetic quanta increases, Jind

increases in proportion. Also depicted in Figure 11 are the critical currents -J¢ and



1

2 El ectro-Mechani cal Transforners Contenporary devices using electric
signals to cause mcro- or nanoscal e nmechani cal novenent are usually based
on cert aiwp §Rddohyst at e pi ezoel ectric 20 materi al s whi ch hgprgyyigSeri ous
natural restrictions. For instance, the maxi mal non destructive defornmation
dLIL of such materials doesn't typically exceed 0.02% and even in static
regime requires the application of high intensity electric field all the
time to conserve the non zero deformation. WD 112/118019a 40

PCT/ US112/ 022(3 The superpolaronic units (herein called "piezomgnetic
super pol arons”) fornmed properly in HES pol yner matrices can provi de nore
effective transformati on of electric signals to nechanical force. |In order
toillustrate the effect, consider a systemincluding two closed | oop

super pol ar ong¢ asodeRhich Fehtihed i rdak&Uh Shedhimber i Mmtagddti dQuRined db ridt fis@Z omagnet i ¢
+unit for transform ng magnetic interaction of two persistent currents into
a force Fatt rn ifvsgasegbindyeed\cudentflowst i ve force to change of distance L

bet the cl | | . depicted in Fi both |
ore s tuated i n reseooRyRer SHBEnE AR ane PR S L eyl of Tong2l opa Ts
| ess than or ghpsembe dIBGEALs PHAMES Fiddre 12). 10nk birk fa6ry dididntd #eps can

interact magnetically. Such interaction can be sustained by the current in
each | oop i ntbaseicor thg abilith ofsgrupticenductihg clitwaresupepolayorbtst Maisiain @nt s

together. This_interaction_ |eads to the appearance o ractive force
Fattr when bdRIRCEHFYTERY Drgdong e ln Qnetvar Bgeé‘i‘at?oglﬁ?e‘&n%e ?Lt[g\éﬁf%mi“ﬁse_él astic
def ormation (HalEk¥n: & ag}sm{egsiﬁ'ﬁg&reom e bERkY WBplEich Wh SePafcldng ~

t hese two 15 ‘superpol arons. The force generated can be expressed as

fol | ows. Cur rsepérpdlardnl (Bigaré ) hin @deductritatherlogig stage/T1iido thediBEy thD. The
velocity a of electrons and their_nunber n_.in.the ring,c e related to
the nean di stfallewingsicpeais ‘tsﬁée bl &Rt rppggetc ﬁ‘ag‘ﬁ‘gﬁtﬁ‘%\g‘%‘&%% e % he charge
of an el ggtr rrefOo!o, biiehd difdfial Supsh bANTRRLG, {J 6k HO

per pendi g(ﬁl aﬁn\egrcrufrﬁétqg ;&SF gﬁg}}gdtlﬁglat% gh}f@%@ggb@ cah be clryeét ed whi ch
pushes the riiggo aldaswd cutrenta R b taepresahicegf 4 nsthe haghetid feld fig formbagiononshi p.

25 F = nevH~ _ ~rDJ, Ho, where c is the speed_of a,Ii?ht. c.c WO
(12/08U19. 1 47 ajclgsertiagnfip thenzompletgddngt showaknd b Bersistent ey Jiad < 4is| ar

circular current JO f|ow ng | I el S - ; he first
ring by rel atlf‘%ﬁeé 1%tﬁﬁ?%pégs?bgnr@seﬁ]gﬁégﬂgﬁegt@ QE@ th ?R@ﬁ}%&s@gg@éggﬁ{o doesn't
depend subst apt iwdlting cOftent, JoaRant bepimaga htige= Ofredd® ih Serodinmed chmeiet t o t he

field intensity in the center of tﬁe second ring, which can be 5 expressed

by the fof| owhigh msans logissT. p Natpthat Jind 3s depicted mrbe reversg ARERISIORHO can

result in an attractive . Lorenz, force. I i j.r
currents fIov&gf"hoflﬁgurgjﬁ’e%}Sr%](’:ft‘clg%sneal l%éi%ﬁgﬁ%}g‘%wgp%ggﬁtpgn& f(g'rce can
be created ifglagiieshndig the BaddrBgpegpularent flows in the two rings in
opposite directions. In circunstances in which each conducting ring is

mechani cal | y assocPuag &l thi persistent sharaciemel§ Hg @reest i thsorlpassh logat thex, t he

force beconesin?c;rrsr}a{ién? li!\;riatg:nalln01p % saved independently of whether a linear current is

20  excited again or the power supply is off.

The logic state of the final structure depicted in Figure 12b can be read by
the application of linear current J0 through the linear superpolaron. The induced
current in the device having logic state “1” is its maximal value J¢ , whereas the
induced current in the device having logic state “0” corresponds to the zero point

25 on the diagram depicted in Figure 11. The logic state "0" is equal to the state of
high inductance element producing some delay (or phase shift) between current Jo

and voltage applied. In contrast, for logic state “1,” the induced current in the loop
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15 a certain effective area S in a polynmer which is approximately a few
tinmes greater than the area of a ring itself, and can be roughly esti mated
accor di n@yd @2/ddogusf ol | owi ng rel ationship. Sa4~D2 = ~Dz 20 gdefh8b2d28@ds to an
estimate of the effective average pressure P within this area caused by
el ectromagnetic interaction between two currents and can result in elastic
deformation (conpression or expansion) of the polyner |layer L separating
both 25 rings. The magnitude of the pressure can be expressed by the
foll owi ng rel ati onshi p. VI-'0O 02/ (18019 42 PCT/11S02/02213 4 ~c ,Jo J~ D2
~2 . The conpression Conp caused by pressure P can be expressed by the
followng relationship. Conp = ~ L _ p28 L The non-destructive defornmation
OLIL of about 10%is characteristic for HES polynmers and can be reversible
if the pressyre.i I ; jrSde ndition P
+ < about O Yglg air&éﬁﬂﬁtv\égl.e%@% é%&@ﬁ%dg‘}?a’é?éi)ﬁ%gﬁﬂdn?iﬂcgggétgﬁ)rqrgt e, and
ot her val ues th¢ litdansuplequiardn doebarot ciangediniit fudberc Ahataheams phreandattance
satisfactory defornmation characterjsti Gs From the foymul a giﬁ\ée above, the
I

magni t ude of obUfetleBEMry) 1BICHHE ele SRS IWer BRI AP SNARANTH A% BRi eved
when the dia g t I I 5t ent 10
currents, Jorméfﬁlgq%)r?d%%% T’z}gsoéjr%)ag?slals% ﬁ?% géo;rﬂgtg'gﬂ Eg%féﬁrgﬁédglgﬁ%éﬁeg in the
range of sbouivo Hifferénidegic praegiolETMH.fi cient force if the dianmeter D of the
rings is reduced to about 100 nm The_useful. life l?yf dgvi ces rel%i ng upon
| ocal pi ezomagnet i ‘hecharaeteastitsizedh opa kT Mdps fianisd oplydyjas dirgetshebhgt t he

¢l reular curfenlar suiflod btifh LA d b rantd blachar SONAR"0ABEE bNCe.
there is a | onger a |mty of e eV 'Ces P05t Pahstor m magneti c energy into
mechani cal force. The formul as provi ded show (Z)ha_tzaﬂg—ﬂ gﬁg ef ormati on
(a shrinkage mmalUstiigknoaseabies pfmagniett flouquante 3 00t “a ex% | f the
antiparallel ones) is proportional to J1 if JOis constant and doesn't
change with tjes@saryherimiigoreadingurelteldt is mpoit 1L ntAo thebdwesd mAamwhadhoist 10 mA
can permt close 20 control of the deformation fromzero to 10% |t can be

readi |y Hppr asitehlefprihealernend figdescriped abavesgnd iy caovgidarisatedpcal masiliferi al can
al so affect the,riclal Lo P IREIER Southohlss Thus, a more el astic
pol ymer can exni bt gre % 2r®°det ormat 1°on an pol ynmers that have | ower

el asticity. WO 02/(18(119-1 43 F i PCT/LISII2/ U22G3 Several different
regimes nay be desired. By way of exanple only, a quasistatic one can be
created wherein tH® reqMitiveElemeatsmat i on can renmain stable for a desired

iod of time. This regi ba_ef fective
per i of 11" Mo 450l 630, D S ARSI

artificigh 5 ﬁaeacahééarﬁﬁmw&ala?gedmm, hdtive ehamn.ardhtie Mmate fier]ble; tieeydy nani c
one can be used, wherein |local deformations can be made to oscillate. In

sone enmbodi merndiave ddeass bvo (aadi oresrtaiarentheodimetis gpen more) different discrete

states that can be chosen and changed in time in accordance with the use of
external electric or magnetic signals. Such embodiments are possible because of
the ability of electrons, flowing coherently within nanowires, to change their

20 quantum mechanical behavior and to jump from one discrete state to another one
if their environment, depending on external electric or magnetic field, changes in
time. ' |

Below are some examples of active elements for illustration only.



frequency. Such dynam c reginmes can be desirable for rapid opto-electronic
devices. O her enbodi nents can be used to create'local ultrasonic '

gener at oRgo #5)6ko1f) recei vers, which, for exanpl e can be uspdriQs2/ondsel ess
signal and energy transfer in nanoconputer and bi onedi cal applications. The
i dea of dynam c regime can be understood from brief explanation provided
below. In order to evaluate a resonance frequency f,.es, the effective
volume V ~ ~D2 L of an elastic polynmer matrix oscillating between two
circul ar superpol arons can be 15 represented with foll ow ng nechani cal
schene where two nmasses are related by the foll ow ng expression. m= 2 pV ~
0.5 p~zD2 L , where each nass is conne@bed with a spring having equival ent
el astic coefficient k. 20 Figure 22 depicts the rel ationship between two
circul ar superpol arons jof tfigdicyRANeaSWildt are in proximty to each

. ot her and whose pl anes def| ning the circle are parallel. The termL/2
refers to the hei ghthlmfypeaﬁbmbgrdlmdelan aetivetebanant carsbs ¢reated Ay thepsies (see

bottom of Fi gure 22) . The super ron aneters .D . and, in the
absence of cHreeWTENheATEYIng Q‘B’°§‘P ?é’c‘iaaﬁ“' étg&h’ SRfFOdE 1S Fyatgl peara,

mat eri al Sepgshg&lgaﬁr hpul%&&,la Birect el\éQnQ%éﬁ’@&]wnlth . fikote f PCIptdsPRER22( 1 3

super pol aron Ience and Is depicted by a Upon the creation
of currens widoairellédhewitéh 6fithiy irvepdorpcdraprisisg aasupepmllamnvmdtair@atapﬁ

gener at ed between the superpol arons, resul novement. of the two
super pol ar ons(shadsy areADny JEER SHHFR Y » Bﬁorﬁﬁcﬁi&rﬁ[}ﬁlenb?f Sygie Qi %i’??eé ‘?pgef ficient
of the volung, ga&x&% tAVz@u#?ongny‘aga&re] %g&%@@m Cafi Desxhieingd by the

foll owing rel K onshi ect - ot ADZ L' L The resonance
frequency f, %Q Gaarégtosvin boar Bkedespabla@owmth zcoﬁtﬁsuemacandetomeaw
expressed by the follow ng relationship. ébYP %% f 7t mTr L
p 10 For exantbhlethcxapdl VABHSEHALE Hgalab%ﬁéﬂ%rgef)f o' é/ld%t qUe” ¥Wung' s
nodul us tlﬁr %\/GE utYﬂ)%l of 106 dyYn/cnR, one can estimte that f,

i s about ﬁtl’g di stance L between the | oops is 1000 nm and

f,.~sis about 40 Mﬁeﬁﬂﬁ&(cﬁ‘l dfi@ciol ﬁblﬂ@@ﬂtrd\llddss“aibbuﬁdebﬂﬁedmmﬁgl&eTheAvaI ue for
Ypol of 106 dyn/cnR used above renmains valid only until the l d1
osci | | ati ons megotedgate pentepdling yoltage G, ppRi eéftoﬁtﬂ%‘l"le“rt@déx%fﬁt%a %2 hi gher

choni cal ot ruEiaEe Y PO LE AT RE R b IR AATITH kBl U1 T
transcendent egyahhie Wetidh E@\Mwbﬁ&ﬁiehd\hg oﬂ%iﬁbdm;gd’lmig}ﬁ Duenamanosm
frequency than it has been esti mat above. Methods of estimating the
transcendént fatmetdfehestran encvpment inrihe panoayiye, two different situations can exist,
with a discrete transition between them:
a. Gate voltage below G(
In this situation, the potential “bump” lies below the only level where
superpolaron's charge carriers are condensed (Figurelda). In this regime, the
20  switch's conductivity is controlled by gap dimension 4 only and doesn't depend on
gate voltage G until electrons can go over potential barrier.
b. Gate voltage above GO
In this situation, the potential barrier exceeds the charge carrier level
(Figure14b). In this case the electron flow stops because even the slow tunneling

25  through such a barrier becomes unlikely due to the width L . In this state, the

electron nanowire becomes broken and two more short, electronically independent,
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WO 02/ (18(119.t PCT/US(12/02213 45 If the direction of current J1 is;
periodically reversed with frequency f, the small volunme of elastic pol yner
bet ween tweol/eeps ~cD2L becones invol ved in oscillations pét/oséhg2cane
frequency f because both conpressing and expandi ng pul ses repeat
periodically. The highest efficiency (and anplitude) of such 5 oscillations
can be reached when the externally applied frequencyf coincides with or is
close to the resonance frequency fres. The nagnitude the fres is estinated
above to be in between about 4 MHz and about 40 MHz if high elastic state
nmodul us Ypol remains applicable in this frequency range. If the elastic
nodul us i ncreases with increasing freqggncy, the anplitude of oscillations
shoul d decrease 10 but the resonance frequency can increase. The resonance
dynanmi c regi St dlaioRd iAMELY 4&nS IR EHIAY] s?u?a@omﬂr. Tes @haMon gk me.  The

- dependence Yp (f ) can very for polymers with different chem cal
structures. [ eorelntsngsatdasbovded abaovthe gatcholtagergtirps wrhelay GQati on in

whi ch mechani cal tion is desired. These applicati.ons include but are not
linited to 15 not gﬁ‘ﬁhéf“aé‘ﬁﬁ‘l"ﬂc Fefél,“bﬁérli‘? H’eﬂéﬁf’}?é"dl hs oWgBIY WekdRonot or s
can be used tcpntgﬁg&fa?ﬂe%@or{dﬂ&e%ﬂn&rgﬁé/dn%ﬁ&sqﬁan%swﬁme@wd fidgenidiad sizes.
For very smal evices, small nunbers of nanonotors can be arrayed. For

| ar ger N or gan barngde usmgthsngpealf elearcatyendean haandipensionsassthallas gbolites. 20 3
Transformati on of Mechanical Deformation Into Electricity Certain

enbodi ments d4RANBEe made that can di rectly produce electricity from

nmechani cal defor i - i i ; { I pol ar ons
is 25 created si mhgr %rgé?rhgglcgégﬁqaﬁ@gtﬁeg%&ggsﬁgﬁrit]gféSE%%Eecaiiivneﬁlb:l?gﬂres 20
and 21. A pengail Stdiffecisivienss of Ris smvémioneNohstoberent ebispon esbraentemthe

deformati on of the poléyrrer containing the | oops, can cause a c.han%e in the

di stance L beowestiopy]dieldisansisins sesuith i 3 raihst seothanpdionbetvien ¥$QPPoops can
cause a ghange 0 neti : - : t hr ough
t he secoﬁg I%BB C&’r‘?g‘?g‘zﬁ%& r(gasf‘hﬁjéllrﬁe mgé[g#e ’2‘%’%3%% t‘?ﬁ##ﬁ%éﬁ%ﬁﬁent J1

init. Wth tBauksef amafewire abmehstatsstal Yeastt 109 ey sharmdr ttahsiioe (wolidnt can be
used to charge batteries or other uses. Additionally, this type of device
has appl i cat icones inFigurekfybBr FigrediSs fos papposyitsh ofdis tyrntgndselideineds. By way
of exanple, ipplanted nj.croele ni EM [ nt - of

ext er nal Sourtgggz?t&corgtrcghgg ivelltagglg% %’;S/A ﬁ‘g%%gg%t%ﬁgé}mggﬁ&%gﬁérgg‘g e ’ga%tri cal

ener gy interngébie vbiggeteasiidsi-Cal teUdunent ] irfeabes gemehawil viltagectlny from
novenents of a patient™s bod@d/The el ectrical signals so generated can be

used to tHnt ravhirasicconpentmmel ftrdd eifest transistergi(dasheddiay Adapae Bivglk Brogder

range of voltages over which current flux changes. The result is that the

nanoswitch of this invention, when used in logic circuitry, can consume at least
about 100 times less energy during a transition, and can act at least about 100 times
faster than usual field transistor.
20
2 Electromagnetic Rapid Random Access Memory Device
The ability of a gate electrode to stop electron flow in nanowires when the
gate controlling voltage G > G(, and to restore it immediately when G < Go,
permits manufacture of an electromagnetic element for a random access memory
25 (RAM) which combines some properties of long-term memory element with an

ability to rewrite this information as desired. Because electrical currents in circular
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10 4 Quasistatic Opto-Electronic Swtch In other enbodinments of this

i nvention, conpression of a polynmer matrix containing superpol arons can
change t Rgpohehdoast i ve i ndex of the medium The change in peffasldyeg | ndex
can be used to provide switching based on the ability of 15 a device to
either reflect or transmt incident electromagnetic radiation, based on

el ectronic control over the conpression of the polyner (an "opto-electronic

switch"). The basis for such opto-electronic switches is illustrated by the
foll owi ng rel ati onshi ps between an induced current J, with refractive index
rl: 20 ~I (Jr) =rlo( 1 + ALL~~-0.s ~~lo (1 +CO.J,~L 2L . Deformation

OLIL of 10% can result in a 5% change gff i ndex ofrefraction n which can be
enough to cause the device to be used as a quasistatic opto 25 electronic
swi tch (Fi gurgsergsigradideapi3Bl pisdiftend hociyeboumApion| isCanilhiied wniler nal

. refraction. Figure 23 depicts two states of a quasistatic opto-electronic
SW t ch accor dhaigtaining Wwiigeri imf@mntatiom forpHengtinech conpri ses a bil ayer ed

mat eri al havi ng one WO, (12/(18(,119 47 f. PCT/USU2/022G3.l.ower | ayer with a
more dense pol ymeBYa¥ity SheREPXYHY YR ell%&f@f”ﬁﬁ\)‘ﬂ%é"?’f%‘s@ﬁé%ﬂ]s pol ymer
creating ail 4 fi85ieteRs \M‘fﬁg § BEGhe Athcitital Bitferdid Be@icef tRGH FOMMBINEt i C
radi ati on Bo ei‘%é\?%ldgﬁ?tﬁ tl&ue Fe dense medi um havi ng an index of refraction
N, and fa8 | s paesehdeeofigateeslécmdenGl mesrHmebasuperpolardmand @2 seatdhséirgplarThe i ndex

5 of refraction, n, in the | ess dense dj u n.depend on a |ocal. current
J1in circul éPP%YHB'éFO;?oIAderEﬁqgssa‘iyrfe@P'ieﬁﬁF;%h§WF@W&?F&°°%§&{E’%’% of
refraction, rz.< 0 o I s 5PineltdBoth Bsiedent i ght beam Bo can not
cross the bous%%glggﬁ%r}%ct{lgﬁlpg{epé(:?8d gonpl e?eey. In this situation, the
switch is closed (Fggts Ba2a)depichths stepsrten ainsd tb mdnbé pdisisthet cooemtemthe], i s
sufficiently high to cause conpression of the |ess 0 nmedi um so t hat

_ l nse
N > n~, ;" thewrcBlaaMIBPAaAN pAESPIMIRL HOBIRSEA Und P ‘%81%% REIGYRE i n new
medi um t hi s, Si ' ' S [ adyant age of
a stati cWegi r(r)e(ngfc Erg%‘tagﬁeﬁe@%ﬁgéfn%? Pcd O?Ilgﬁr)rgﬁ?@grghﬁg ﬁgg‘%@%" ?gglllg\%r ener gy
di ssipati on qaseaciehad Oy s Q@Sf@@ﬂgystcy@gs Sopmied R Bre@ttSthe 1dop (Sotgnal
exciting persistent current J1 naybe applied for only a short tine. Wth
the 15 appromhbahl Shiilinearcirmpot iy switchedtonibecaush of theigatetdonygoksignal &dn be as

short as about 10-j s. e induced, both persistent, curre Oand J 1
can interact T&0(Fighy 1@&'@@ %‘Hrcﬂg’éﬁu%‘f“ﬁ? eé‘rsdgﬁk??bﬁ%llfepgﬂc’po?} fs"hlélgBrgl ymer
matrix stabl e . ThE |GBWRoRENRIBrA dueRd Br& 66 id MR pFesSi¥eldf ifigndifcaidigied above

is not the onﬁy one&%osm bl'e, and others can be proposed based on the
princi pl ¢50f $HhanFigae tdue theegatacdritrod signaleti] of Ga s@Ps piokarmaurent, andthent er f ace.

havi ng. hi gh CHRIBERN0F PTG TeHnBcen g BRRILHTT PR VLUrealar SBearafin s:
dopant, an or ol g, l-acik £ @Rd: RSAnt PAc WBleb BhS< 6p und 1 2250 Lo form

t he super pol ar al n organi ¢ conpotunds can have high ionization
potenti al s i nwhdi&t thaft@eingbombshdwnl-FigureV6a.The i oni zati on potential can

refl ect the ener required to create an organic jon and free electron in a
vacuum gyBecaﬂse the signal G2 > Go dulr'lmg t}(ige seconcJ step breaks the?oop, ?he _

20  circulating current attains a zero value independently of its previous state. To write

logic state “0,” a similar sequence can be used, with the only difference that during
the third step, the voltage of the gate G1 remains greater than Go and no linear
current is allowed to flow. In such a case no persistent current in the loop is
present, and logic state “0” is fixed.

25 Reading the state of such a RAM element can be similar to the reading
procedure from long-term memory element described above. Nonetheless, other

methods can be used to read the state of such a RAM element.
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V1 O U2/ 118(119 48 f PCT/US02/ U22G3 i For such organi c conpounds, the
vacuum i oni zation potential of a single nolecule can be roughly represented

as a sumpd oidd19@i n conponents (see Fig. 24, case a) reppepeRiad@s: |va~
= Ecne~, + Evp~.seP, where a typical value of Ec,,e", = 2 eV. This val ue of

Ec,,e", is an estimate of the nmean energy required to break a chem cal bond
5 during ionization, and where Evac-sep = ez = 8-9 eV. Rro" 10 Ev~~-See is
the electrostatic energy necessary to separate one electron fromthe ion in
a vacuum In the previous expression, R 0" is the typical ionic radius of
about -~_0.15 nm For other ions, the R 0" can be different. The energetic
consi derations can be different if thesponization of the nolecul e occurs in
condensed organic matter. This process is herein termed 1 S "internal

i oni zation." For 'ﬂ%%i&%‘oﬂéem@%tehﬁﬂts éa*ﬁeoé E6fibdEable &0, orCiagh memmet he same
.-as for vacuumioni zation, about 2 eV (for exanple, see Figure 24 b but

the second eIaembvezbhacorwenmrpd)mentcoomtmemmlfrcémwéd Qo advantagh

frequency di el ect r| C S her ent i ven condensed Usual ly,

t he high f r eURHEYIAth ‘&‘E %Egﬁ?f’%?df ﬂ?? thega?ﬁ“ %%érﬁ§nﬁ§3ﬁ°?ﬁ¥@p§1|g}QC| fic

chemi cal ”Fb%yb drfg tﬁé‘@n&% réirfeSrb @k OHco Mbubed] iR RedistbMiTutrend i at he range
0

of about 2 to ut der tHese circunstances, the second conponent
of the lrﬁermafbulaﬂmpzqfolavm (zﬁro&focbgntesmee‘ ”rmdmumetrwéqr logaantatwel ékgenessed by
the foll ow ng}rel ationship: E~~~

ﬂ a 25 s~ ﬁO" A
correspondi n eﬁb@‘éﬁmeﬁlforo? subgtagti é‘lmfi Wlih%tﬂi‘eoﬁ‘?e der qi‘éerﬁ‘ilpﬁ“&%e ¥ the
follow ng rel gt g Shlnpcludel\{g ! energgg fn})tlon %Qd}sﬁgg&: worR TRqrereY; anfine above

val ue represents TS energetics So-ca vertlcal i oni zation
whi ch i nvol vem #uit f(ﬁh@ﬂtdoﬁmmnforMVu@n dfadeheecn ne@hbor dletP@Is.US02/ 02213
processes, and does not take into con5|derat|on al cesses of
structural reorganizatibn wilkegiaElement-Basedondhe B M A¥at i on.
One possi®l e secondary procdﬁsnmhh““hﬂﬁubw@U?Ceﬂﬁﬂk ionization is the
formati on of solvating shells which can appear gradually in a polar |iquid

medi um ar ound bot hglp@shtaiMiifs (SWitthes gid/omaplananatyaderndis)gas be Sasily
sol vation can be energetically favored if it provi des some energetic gain.
Under cert ai riransfagined tﬂi@glcé)lmi/is éneqrgyha@anﬁsat@yﬁlqudweer& qp(gqes H&d 1-2 eV

D oL 9oL, e €O 10 AR sSOREENY A Bl 1. L iy The
CONSeqUEeRNg§Ees: the gperation of the individual elements are described.

Figure 17 depicts a logic block incorporating quantum nanowires of this
invention. A logic block of the “AND” type is created on the basis of a field
controlled switch which becomes open only if the input signals to both Gate #1 and
Gate #2 coincide (Figure 17a). A rapid memory element shown on right (Figure

20 17b) can be used as logic block “OR” which attains the necessary logic state if any

of gates G2 to G6 provide the necessary input signal Gn > G0.

4 ' Triple Logic Memory Elements
A circular persistent current in an elementary electromagnetic memory cell
25 provides a new opportunity for the creation of advanced computer techniques. It
is well known that triple logic systems using three different logic states “17, “0”,
and “-1” (herein termed “trinary” logic systems) allows one to develop computers

having desirable characteristics. Conventional computers that use binary logic with
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a) The energy of 5.3-6.5 eV required for internal ionization of typi bal
organi ¢ condensed liquids is within the known wi ndow of a transparency of
several twoesedioorgani c dielectrics falling within the fagpmkéddyiol et
range havi ng wavel engt hs of about 0.23 to about 0.19 nm Cbviously, even
this | owered energy 15 remains to be too high for spontaneous creation of
stable organic ions and free electrons, even in cases in which an
additional gain of about 1-2 eV is taken into account. Any free el ectron
whose accidental appearance in such mediumis due to tenporary external
ionizing factors (UV-light, electron beam or cosmc rays, and so on) may
have rather limted life-tinme, and canigeconbi ne imedi ately after the 20
ionizing energy source is termnated. b) If an external doping agent is
used as a SOYsLE s@fesFHeEEH @%%ﬁr%?esoiJ&Qﬁ@%ﬂxﬂ@iﬂd?ff%m’??bfjﬁéﬁfng%ﬂﬁplea” be
+ different. Electrons arisin rom dopants can pl aced only on enpty
| evel s of théogwsleewnwmesmgenmegmmtwoptabletstaies wi thin an organi c condensed
substance. Simlar_thernodynam c principles_ as.described 25 above can be
gchemﬁezf:@

used to estinate tHfE”eé(ﬁ%F W&e%?fﬁge.'ﬂveﬁlawé" PoRtEddPi on of
dopants in o i j t t hat

t hose non occglglge S eve sbg(%/gaﬁl f&b%&#tlo(?ﬂfe{rl{eﬁg tﬁf%ﬁ%lgﬁgezfgp@ﬁﬁéte bel ow of
t he | evels of t'ﬁvbelefferehﬁ\ﬂx@eﬁ&vidl&@&&dﬁf&éht‘t’lm MUBGR t{st 213E1s sedtet’Tamei n a

vacuum as shown in Fig. case b, in accordance with follow ng. i

equati on: EFf& bmrqsvaed IhW@éPckwésépFuE’%te ]Qg“’sétﬁte “1” by C(’u‘ltemlofk‘}“se 3.5-5
.7 eV . Ron |, S fre cd xt er nal

dOpI ng agent ccﬁzgéﬁ?%ﬁf%é?g %tﬁttea% %B ZQH) &% t g‘%&%@ ver?éc tﬂﬁfr@gﬁ l?tl on of

an el ectron frienarykell) by ®inavy mbmagscaﬂlcﬂeﬁmmdng Fegre 16 tan Bosipphiedwitkvel ; and
second, a relatively slow solvation 10 of separated charges acconpani ed by
a structural ond encabddifionabgenpspiit @s 4t depicted 1n Kigurp 4§riherebarreptingigor ed i f

EFree + giar X Iooe 0vvherlf | Dor is the ionization potential of the doping

agent. T |né P*}W LB ER guantitative estimtes given above, a val ue of

| oop of about 4.5 Higurad e84 arfd T8 ¥eplEt £W@ile IG5 nfedibrf Widnhk hhvigg gweat i on of
stable ions and free electrons in organic dielectric matrices. The 15

particul ar estting wmoprisshesedhpéinel tate i ghown dftes twritingammoenduge isaver:t hat

ot her estimtes c e, obt ai n f. ot er do ent

subst ances, ?\%ff“é}%t t'heéf! ﬁrerE%Pég{hﬁ ﬁéhr}%aﬁ é{?f’i)g Hga)
above- descr i had I@gquteeehl CREuIRGRPHel a@ﬁ&{ Sf ﬂh@ hanm{mlewtcmﬁgaﬁefl%p nt
organic materials, in either liquid or solid form independéently of the

mol ecul at5 weiag hbserza ﬁmmdntgldnmf@med\med cmmo;ntdbquta@éﬁ” bt stwdl)t 0

manuf act ure su ercg Hipéﬁtl oI arﬁ l %hhl s.invention if §
i oni zati on pdt R4S Br‘l’?af Y9 BRG Fhe B RIRe: uredgﬁawte
especial |y usgt. lsllgﬁweawm‘;ﬁ&me erahswm?é eledn@ass, A WRRHows sBowe V.-

Descri bed below inh Table 1 are sorre el’enents having ioni zation potentials
in this rangehe ¢ibatian béikeiting comertiaimdiacbkaseEner gi es  of chem cal bonds.
| oni zati on pot ent el e tra ffini t es Moscow,

Sci ence, 1974), FBotIhStgﬂ’ F‘i} Ty St "eFﬁa’B? Fe@&?‘g?’fég abov ﬁ‘i‘i8111' | 4

20 nanoelectromc elementary umts formed using superpolarons can fulfill different
logic functions. The examples provided herein are not intended to be exhaustive,
but only to illustrate how connection of these elements in different combinations

can be used to build more complicated logic structures.



51 f PCT/US(12/(122G3 Table | Elenents and Their |onization Potenti atl s 5
Elenent Li Na K Rb Cs Sr Ba lonization potential (eV) 5.4 5.14 4.34 4.18
3.89 5. 6G0Rds0ifl El enent AlGal nCePr 1VdPm oni zat i onpot ent i pdr/use2/02263
(eV)5.986. 05. 795. 475. 425. 495. 5515 El enent SnEuTbDyHoEr Lul oni zat i onpot ent i al
(eV) 5. 635. 665. 855, 936.026.15.43 20 In addition to the el enments described in
Tabl e | above, other inorganic nolecules and radicals can be used. Exanpl es
of suitable nolecules and radicals are provided in Table Il below. ,. WO
02/ (181119-4 PCT/LJS02/ 122G | $2 Table Il Inorganic Ml ecul es and Radicals
Radi cal VOTa0CcOPr ONdOUOUO2$I oni zati onpotential (eV)5.5 1.0G0 = 0.55.2 ~
0.54.9 x 0.55.0 * 0.55.72 = .0&b.5t 134

0. 1Radi cal CaOHCaFCaCl Sr 0Sr OH5r 20Sr Fl oni zati onlOpotenti al (eV)5.9*0O. 1 G 0f 0. 5G
. 0.16.1 =0.55.5S80.1458*0. ﬁg b Mol eMb03BaOBaOHBaFBaCl Li ZOCsZOor

* radical | oni zati onl$potentia z]c 6.2t 1.0G5 * 0.34.5 1.04.9 ~ 0.35.0
0.16.8 0.24.45 * Usfifg Hevieddintadenfrero quantuyamanomiiee cmdesthendlensaliscal s,

certain other, nore conpl ex Qrgani c nol ecul es a&g Oerré%& c/ el enent al
conpounds caRTsEsSaEepliedurss AHMENSI NS GAY| Rescrgpted h Jags PHICESSASAr ovi ded
in Table 111 0 «Jabl e |l ol = ifs Saimpeunds
Mol ecul e N, NhE}%h}\IﬂqﬂEgt g%ﬁ’g? Cf/a%so Sg o?mr glg?lgglc%%%;ﬁ%n r&c-%ﬁé:ogshenyl gndi am n

(CSHS) 2 N ( G&dRIplished e ovER( sdaBtakentionfiricd by fretqamttival eldnedd)s dBil8 * 0. 05
6.18 * 0.03 G2 * 0.1 5.5 * 0.05 6.42 * 0.05 The exanpl es of dopants-
provi ded in Teusnden.|Spegificalliathelverydpypaweronswppts and smak’ 53¢ a8 pegmty . Many

ot her types of dopants c Al it hi scope of this
i nventi on. SWa&‘? 6‘3&?7%@%%9%@8f‘@%‘r’%ﬁ@*&%ﬁﬁ%ﬁ?"e@%ﬁ/ US02/ 022G3 |
Certai n super condgdtidehaghdiRRMaMal ancniddanbb tade daedinsimy endrgyonigfn sel f

assenble in sonme organic |iquids under certain thernodynam c conditions. In
many usual orgaxtremehbshosntime, durmgethe shangecalrlogis staip 3¥ 4o PIAYG Bound

i thin 5 chenical bond few free el ectr. ' : i
embodi o s, Pt o Sae At 4045 Sl SR SRy B o SmEEE ot i

whi ch the or gaBisE Rl SveReaCsTePpeAIRARRUsEL BlicaR oftsdihventibh t he
organi ¢ nol ecul € accepts an el ectron From a dopant, then the tendency for

si de react i ons compirison adtho@ntempiesary edesshaeed erssamiposic®rsi ni shed. Accordi ng
to one For purposes of comparison, assume that a semiconductor based processor
with frequency fnow = 1 GigaHz consumes 1 energy unit per second all the time,
15 and includes up to N = 107 elements which store and process the information.
Consequently, in the best contemporary processors, the total power consumption
(CPC) =1 (energy unit)/s , and average power consumption per element (APCE)
can be estimated to be 1/N = 10-7 energy unit per element per second.
For conventional semiconductor computers, the maximum speed of logic
20  information treatment doesn't exceed 1011 bit/s if the processor uses 128 parallel
lines for internal information exchange. Actually that means that only 128
elements, corresponding to 0.001% of the whole number 107, are able to change
their logic state for a given cycle equal of about 10-9 s. Therefore, the

simultaneous change of logic states of these 128 elements occurring in 109 s,

25 requires the energy approximated by the following relationship.

Instant energetic price of the change of logic states =



1
|

10 possible theory, chemical instability of a doping agent can result from
the sanme val ence el ectron both being potentially available to participate
in side RRGGLHMNS as well a to become a free electron. Top@jpkdieshsst he
tendency of a dopant to form uncharged products, one can select a basic
organi ¢ conpound having chem cal structure allowing it to serve as el ectron
acceptor. Organic noieties that nore 15 readily accept an electron froma
dopant can decrease probability of a side reaction. Such a shift of
el ectron density froma doping agent to an acceptor does not necessarily
inply the conpl ete ionization of a doping agent. Rather, in sone
enbodi ments, even an inconpl ete ionizatsison, known herein as a "prelimnary"
or "quasi-ionization" can dimnish the likelihood of formation of uncharged
products 20 of side reachifife ddflicl) PABCR/ /10 198548 Ty RADQ) ipats, [t can
+ be desirable for the organic conponent to provide a sufficiently |arge
prelimnary shpafgyamitseparation of both a captured electron and a positive

charge remai ning on a dopi ng agent nol ecule after its quas({'-io i zation. For
certain situationdncpptrashyithhesaggnreaysedor eventipnaspmirondusior-baseige
separation tq f . : Rish :

sol vati on. Itcociﬁ&%%%gg%%gﬁ%%m? gé’ﬂ[h % ?%ﬁg%?g%tg ;&Sﬁalgaé]?& V\lgen aéﬁglgﬁﬁg agent
and an organidf teienpaution e sabaantedlyaliffdratg Becae the tramsitign tide whiwwh may or
may not provide a W 112/118019-t PCT/US02/022C3 54 final free el ectron.
It can be espdenents ip ajleastiahentd 0D times shogtes thanp eeHERPArafGEMiEBARL e

transfer conplex to berfor i , . C I Fﬁm coul d be
an i nter nmedi aegeén%}t%gslcjgl;ﬁureo b%at%ﬁ cgérére 8%-%%1%%?%%%%%%{;@3&%% € gﬁféani c ion.
Addi tional |y, refilifesf RAMI1DORinsR les®¢h&ky, Slabfe®r 1638 6anp@ftundf macronol ecul ar

chem cal 5 structure or within a condensed nediumas a relatively | ow

nol ecul ar wei ght cBginemase of basicftenugrgycd prdcessorsad thip twenteamwitddmewi ons, f or
certain odi ts.of this inyention, the Si C_organi c oupd chosen
can cont géﬁﬁ tT/\g63 ‘W%r %ﬁghﬁﬁlﬁé‘\&jtaB?oqsd’h%ﬁsSﬁ eélrugﬁ’ﬁg? %ﬁraelge? F‘%ﬁi @ept or
groups havi ng 8ol Apprdanedlysd 0asior Aeand ftfdt fhd ttal PoterPorRlslpaos (PRI ERE gr oup
having high affinity to an’increased density of positive charge, herein
termed a " posintire/processoradanibaiapyroygimmaigd by theifeltowingaslationshiance,

pr ot onaccept or groups can be one exanple of a PIA. If a doping agent Dis
i ntroduced in the nedium containing both EA and Pl A groups, interactions
with said dopg ={1\ggﬁg f -1, gy LRI 19 hel i C

or gani ¢ nol ecl?% einto eégg gérsé?giisprgeﬁoaﬂtgfer&%gnpl 2%9: ggmé%g&/n {)Ey )?flee}

fol | owi ng5r el Kt érenghiampt = 8EM)*S(enerzPunit)/s-Pl A s+where 8 s 1, and where 8 is

t he val ence electrgn density. If there is, appropriate dis bet ween EA
and PI' A groups, jthT%“St%@rﬁgnst‘:’ﬁ%@%c‘%“r%ﬁﬁg‘?%g‘?@oﬁ.{HeéRF‘?PQHt%ﬁ&fﬁg@ﬁfﬁgfd to the
prelimnary Smg)sa!rhﬁ%e e es%ts%QoulﬁF@S@%eﬂeé'prow&ﬁeeaéaMﬂ&hsth@t h

positive and negative charges can sti be bound by Coul onb forces. The
chemical act i potessab havieg dohelnpeniyémonedayean Pricegomftased drhibe dopamewbecones
trapped within the positi vel_ychar‘ged olrlrFI ex form( D.' P A~s+.115?n such

ci r cumst ancesCleNESs GYpBIYIdeARCTFase S%Fegﬁ nfgrmalion progesinerameld 1 SH/sdensi ty
(8 s 1). ,hn t Shuuatd hbdediy ; ' i be
decr easeglbi f e%21§i nggfégﬁeﬁes'hﬁg\?g&gggggd? ;fclslggﬁg%agéf g‘?"a fa ﬁuéﬁt%s&fﬂg?%' cl ose
to 1. These cembihativhsoftdserqasavpalecracogsiamptidnadridvimcreatdadnspeed caropertrlite
strength of a particular charge t{ransfer conpl ex, WO | 12/ 0?(901?00]0 55

increasing the total number of elements in a processor by approximately 500-

times. Even with this increase, the total energy consumption is stil} less than the

energy consumption in contemporary processors and the temperature of processors
25  ofthis invention can be kept within desired limits.

~ The above performance characteristics can permit development of a new

type of processor containing roughly 1010 Jogic cells instead of 107 in the best
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PCT/ LI SO02/ 022G3 After the formation of a charge transfer conpl ex prebursor,
two spatially separated solvating shells can form which surround both of
t he prel iy oahanis&epar at ed charges. Sol vation processes capchesenpsgetical ly
favored and when present, can result in even stronger charge separation.
Sol vati on processes can be 5 kinetically controll ed and can depend on both
time and tenperature. In especially desired conbinations of dopants and
organi c nol ecul es, rapid formati on of charge transfer conpl exes precursor
are followed a by relatively slow period of tinme during which charge
separation results in a gradual formation of stable organic ions and free
el ectrons. According to one possible sggenme shown bel ow. 10
EAs~~....D..... s+PIA ~ EAs- + s+DPIA + (hw optional) ~ EA + e- + +DPI A This
process posse; e I tef ore can
» be accel erat e%ﬁg;?/n p%ra[}ﬁgngs U?ltﬁré%lg)éH fo'r}ﬂ?:;ﬁcﬁ%dg%‘?%th@ig%ﬁ?@rg@ 1slou st g?\f:sgﬁiw th |ight
quanta 1 S WithbidtreledgHpepbn aﬁt&awehemwmmmﬂracﬁchﬂtctdeslgalrﬂlgh,ilaydwe
reaction can proceed w thout elther added heat or irradiation by long term
anneal i ng at aiehiegtire showpandigwrel9-precursor formation as well as final
charge separation fﬁﬂﬁ ral
reorgani zation of lfrg‘llrg?élagéw Séeorpgg%e:%zog P%ﬁﬁ% aér?eg%lgﬁr%ﬂg\/}]ezﬁrﬁ 5Jtéﬁgllrée IS
sufficieng ”Q@%ﬂrrlefsy 1PA nmlﬁm%x@e@fegu@sbaeed &ni quabtuen R:A(M teetls off thiciaw eraion
enbodi nent s can desirably take place in either liquid or visco-liquid
medi um |1 t Heefd amdcmayomﬁmpweryrr@agl@rlﬁYra%regléfp%haﬁ%@rysemlwduwfsrﬁngm

nol ecul es of e bas C_organic t.er ent

nol ecul es canf“é $948 “Ebli’f\‘)g S0r05 S '%Vd%fonatﬂgé r[‘u?rgons t\g’ra?)@egmeﬁ%%

ener geti cal | yohauQk&finthdt Ryerla 1§@hvblﬁ10%§mﬁilﬁinﬂuct35pxde€sbd$@hiu®diﬁ@tro t he
nol ecul es to contain groups having a high dipole nonent. In certain other

situations, Pepéalecloupsgaaent béalsef thet5e8- 10ﬁ%ia)’ﬁlé§v@ert@tlah‘ﬁqm@f)9fP@T\ﬂ)lﬂos| tive
charge affi ni t resul ti t hat provide | ow spatial charge WO

n
02/ 11801991 5]6 OWESI'@%E‘ '%Hbf’z‘%@o‘ %t ation due to a small distance

bet ween EA and Pl Agoaviitage 60the YT Ex’hnﬁuﬂrp%ﬁ%soréckf&hldﬁmhﬁw @impagddence
el ectron orbit considered does not qIeave dopi ng agent but renains

di stributed omed:oriventﬁbrtahqalﬁér gnbmy‘tlands tthes in eﬂ%ﬂaofarqméﬁé@plcﬁweﬁgeﬁﬁt
nol ecul e joining EA g Thi s el ectr.qn can

Lllg 8 cr ea%:e callh
"r adi cal - ani o\’FtWe‘E‘h\OﬂW TRSHItS 7R §Y WY oL A gt 081“?685?? oré © Ftr?pvf'lﬁesbf on pair ed
el ectrons cang %ﬁr@&gﬁég %anyd?ﬁl%@llu@mf bhe &é@ﬁes’ é@lb%'a@mﬁfan'irh&s&@lﬂﬁokw&ﬁ nmeet,

t hey can reconbli ne an orma new stable chem cal bond thereby preventing
strong char geelsepia s, @nto dvoid thattamdferiof nignals from oncHevel oaneticnatthen of

radicals can result in a noncharged nol ecul ar product haV| ng the structure
resenbling a 8WHEOB group as depicted bel ow. Ds+- (EA)-'s-+ 's--(EA)- Ds+ _

?~ c(og» s s ;)E, EAY e 133 by REr AR SR AV datibifis SATBRIEHSS i8Bleaiant ogh est er
permit transfer of signals in the z-direction through multiple layers,
notwithstanding the fact that each layer may be insulated from neighboring layers

20 by dielectric materials. The idea of such "vertical" non-contact signal transfer is
depicted in Figure 20.

Figure 20 depicts transmission of electromagnetic pulse information

between layers of a multilayered nanoprocessor depicted in Figure 19. Ina bottom

layer, a persistent current in a circular superpolaron generates a magnetic field (H)

25  which passes through a superpolaron in an upper layer. The magnetic field so

generated induces a current in the upper circular superpolaron, which, in turn, can
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i

(>C=0O groups having significant electron affinity can participate i h

chem cal reactions with alkali nmetals in an inert solvent at el evated

t enper at W@ s2/ap¢RanPani ed by the formati on of radical-ion prpduele2shi ch can
become further transformed into electrically neutral di-ketone structures.
Muel ler, et al., Electrochem45: 380 (1939); Mrantz, et al., Trans-Faraday
Soc. 51: 137S (195S), both references herein incorporated fully herein by
ref erence. The probability of the formation of radical-anion + cation pair
can be | owered by providing PIA groups in a basic material having an
affinity to positive charge which is sufficiently high. If EA and RIA
groups are included in the same nol eculzg, the introduction of a spacer of
an appropriate length can provide suff cient distance between the charges.
Many precur Sg;‘iéviﬁé’hltf@xﬂ%a‘ﬁoﬁ‘?é ofHRF BRAeAR o thEURPEPRIVEN Bthertichi Sghdlvention

. can simultaneously conbine Teatures of both a charge transfer conplex and a
radi cal - ani onrahsfeatdnde qeairolled by cintroHingehstrodesvdsidescribbé aprvecur sor nol ecul es
can tend WO 02/080.19.1 $7 PCT/%II S02/022G3 to formradical -a?i ﬁn + cation
pairs, it can ther®f srtepel desmulppyered, acchitgetpre @5 thg BFROESOE OF SRS i n whi ch
side reactio e n e I i\S3.to take

i nto account qﬁ%eg]{hg?’h@%p ug}étggnsgrsoco 8?%‘@%" &ng%gf)e?%f(lte?g&?ig?ft?ﬂ?? unchar ged
speci es and tdmpehditrall paltedsge Takiag aité accoln@athe incatastd sysed iofi irfenmation
kinetically controlled. The relative rates at whic ,th? two t peibgof
reactions carireatieent dessiibad pravs. o @REsimale thoinsedat sighal prreess I
reaction, the ar.der of the iLcalq e [ Lans of
participati ngasgﬂghmaéé)lr safooﬁ %Q(ﬁ{pc%grlgdé gl(evsa?lg?ri %%gg%%ggﬁggﬁl{l@teeg&as a
nmononol ecul armagsdYessdrs bithichaemn tharsdrell oCOBIP beinfarretion $i0in asayeoff i r st
order reaction having a rate that is 10 proportional to the precursor
concent r at i onl08¥bitsteen bhaeegenrdishessings ligthsmgsiabut Hyeicaseesnds §k9t i on does not

usual I'y quire |l aong distance mvenent .of I ¥ dits
rate c_oni&ant t her 8f 81 %o smﬁlgf’mﬁ%ﬁgﬁeldyang_g%(elﬁcg%{%%ﬁ?gg%ng%ﬁﬂ)tr%%g’ an%cr oscopi ¢
viscosity. | nyGRi @etesWbrk Bf AR AR SIERALS btRRNTEREdnialiestharfconaelitioahl- ani on +
cation pair 15 reconbination typically involves an interaction of two

radi cal s and prhessefrarRoriesampleei diidiamgisr of enscringrhke RAM elgmenols ahowlecond

order chem cal.reactjon can,be pr rtional ta,the are pf th
concentrati on%soocﬁm PI‘FLR%‘F%‘?'BPE’&% ?‘ﬁ esloc?ﬁp%yoaﬁ‘c?@ﬂl[qu?]is%)ﬁgn ?ﬁs ar?eegdﬁh’di st ance
bet ween two reﬁfidgﬁgloﬁlmn@%ar?&ﬂtiu%d‘i labd V) AR Riquitaehlyabban migton af t er

I

traveling | ong tances within the mediumand 20 therefore, such neetings
can be rebat i sdbss. Suwheesmhdionivan batehiofed with thesssl afiexigtingpluttolshographybe

relatively show. Therefore, ip situati.ons.] i ch. undesi | e.;Si de
reactions cantcEJtHlﬂle,y'f tBIeB'Eﬁ}B%plPI‘% "S’gh%f .Se%%s[lfgtﬁ?as:iﬁgég% “Be
desirable to &%EI?&, a;rﬁa' (BEfelRt Yo JroMsSRIGEMET8bMONS cRinchiGeqdRslank& SO that
t he concentrations of anions and cations of 25 the charge transfer conpl ex
is relativel ylebotvan Zbvmt 6chume@nt r at i on of precursors can be sufficiently | ow
to disfavor radical anion + cation Sp ir re.cgnbi ation X’eﬁ :
In multilayered processors, the z-periodicity bétween neighbor planes can
20  be about 1 micron. In this case the total thickness of 1000 layers does not exceed
0.1 cm. That means a processor having 10'° memory elements can be placed in a
volume less than about 0.04 cm®. Due to such a small distance between any pair
of elements of the processor (about 0.5 cm in any direction or less) the electric
signals can travel this distance in an average time of as little as about 10" s.

25
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WO (12/(181119:( PCT/US112/1122(i3 58 sufficiently high to provide al
desirable final concentration of &e electrons in the matrix. Macroscopic
Vi scosi t Yyy@b2/dddpsmedi um can al so control the rate of recoppi/08620QM3
reactions. Thus, radical anion + cation pair reconbination can be S
di sfavored by the use of organic polynmer materials having viscosity that is
sufficiently high to decrease the rate of second order reactions to a
desired low | evel . The dependence of second order reaction rates on
viscosity of the nediumcan also apply in the case of | ow nol ecul ar wei ght
organi ¢ conpounds having viscosity which is nuch | ower than that of
macr onol ecul ar species. |In contrast, 1@gthe desirable charge separation
reaction, being described as a first-order reaction, is |ess dependent upon
viscosity. T i Ei}ﬁll, i | Beadigaveld ci al by
» substantiall 3%%&%@5&?&% e r%tgggk g?ﬂﬁérfl(?j%hsli&?ggl e second orderreactions,
acid only slightl \Bedrles thaiidigcthseas sidtemanyfelchasity fabtemputerst badh pessiveeact i ons.
As described in the exanpl es .abqve, qsfel ected . can 15

f thgﬁorgﬁa;nic matefrial d
contai n bot h adagtine PrAfigfesHenaliupits anbsaserinde Panuiag e SAEPTINA " desi r abl e
superpol arons of . thig | C I : 'Iqm}rg lg nedi a
containing a “%%°G£r1~e§°d’?9ﬁpo{‘ﬁ‘ﬁﬁgee?‘§%’? E’Eg ggté?sgf&ﬁigﬁgéﬁ es. %&Frlﬂftglt type can
contai n BA grqyuls iRdti@sineRdend type can contain Pl A groups. In these
situations, a charge transfer conplex can be forned when the doping agent D
interacts with at lpesdpressiie and teEWEFRIYO SEFOBhe two types of nol ecul es.
Several chemgally .distinctiv Y : e EA and
Pl A groups. e fﬁ‘g‘i etggffl%ﬁlﬁ)‘%y g?%?so&gsél%%%‘?%g@gfr%prcgfio%gnﬁ%cﬁgﬁﬁﬂe oxygen-
and hal ogen- cméraiafibh hoRitefid fRl/dridyRamiz CREY) for@EEas natbidtuatCrs St imed@-, >CF,
ete. The second group, of PIA groups, can include >NH, -NHz, -NHR -NRz,
etc. 25 (wherdedRonis devicgs.gafivicer@dical ). These EA and Pl A groups can be

present in a wde vari . of differe alinhatic g ' /

or gani c- éBerTewt cdﬂ%%ﬁhé‘?“%?’aﬁa%oegmé% | \rlsek)%ogjr@b%i%%%grﬁ%wegl @g}ﬂr %ﬁglcherri cal
processes desgrilifltaPRRVEor AREoRRWaveNIORH( 181) 19-t 59 PCT/ L1S(12/ 022fi3 '
si mul taneously be used to create a wide variety of organic materials.

Sui tabl e organic materials include those having pol ynmeri zabl e doubl e bonds

and/ or functional group ermtti ol ynerl zatjon, polycondensation, or
ot her pol yner anal ofous ﬁfé"s&‘{ﬁed‘ﬂg feg‘éé)ﬂr?%ﬁﬁgfﬁsof%r mation of hi gh mol ecul ar

wei ght 5 conpounds sl Bedthb&dbBVaRbsHRINAREShéRaséi Aelelberts ralyed prodacgidl yner
macronol ecul es the EA and PI' A groups can be inserted in either polynmer
backboneg5or ®ildee highiresistanbh &chs, dapdndingmgindyipisthe ahysieal phajadenstict pler near
each other, or relatively far fromeach ocher.. Polyesters. t.des,

pol yket ones adnpeling @ &j Gwnehng ﬁa%gfw R @%g’ﬁlgﬁ?%%f;?/nﬁgarng,lf‘%%@ .noxanes,
and pol yvi nyl &St QLS R ciBuil®. SRAGShALAsy vifRiteaditiectAe byRter fillingithal s to be
used for nanow res preparation. By way of exanple only, other organic
mat eri al s sui ggplseinf opldsoy saregchgraateriaed hsinen heb wilug pf & Olung/@mugﬁ- are

i ncl uded bel ow. When two functi.onal .grau like - and .NRZ ¢ pr esent

in one nol ecufanilagggsulip cap %?btalﬁﬁf‘a'g%@ﬁﬁa@“&88’%%@“&8%&%3B‘g‘g’ﬁ‘? Ie In the

exanpl es Hel owiaujbpe am no (NRZ ) groups can be 15 considered PI A groups,

sol vent organi ¢ conpounds having no Pl A groups and cont ai ni ng ester {-COO) -
¢

or ketone (>C=0) gThepsuaticAchngepi thegmiynegrdolingthe gamistcchosenke b¢ infigh| -
dopants. However these species y produce el ectrical utral  .di ketone
struct ures thﬁ@%}ﬁt?taélﬁgg) uRdsh WP 'i‘ﬁa‘fqngﬁlo(“é’e@s?‘ésf @ﬁ&ﬁi%%%ki“%’?‘%ﬁ% er et
al, and D. Mrant ’ | heriekdibhlylsik 4f068 8f Mafhifide s, it can
be desirable ég?t o°“§‘ os\%%dlmFg%%&g\F%oﬁblgkl htylﬁse sane nol %ﬂéul e together
Wi th EA COO Okhdatkd YpelUAIdssy dae (seadicusbionlabe)i o tds ciseftbe papt Width &f

‘radi cal -anion + cation pairs. Such a choice of acti eegroug,s. Wi tﬂ'@? t he
sanme nol €2l e beenmasesenritiye omechsaica canpsessianet §WB?%PF PEPACTi?BR"GE t he
am no group w.th 0Sj.L iV - Al [ H&h, Whereas an

el ectron provilg“g(ﬁéﬁﬁonghwetfeg‘r&glﬁ{é%gggﬁas rlgﬁgﬁbbyﬁr ugtl wi th 25 carbonyl

oxygen atons to forma charge transfer conpl ex té‘ﬁt .ihs %hen foll onwed by the
charge separ atd andaht- {7 &} ect r 3HSTE fonifigRBH Width without pressure.




- I
WO 02/ (18019 60 PCT/US112/ (12213 C. Quantum Nanow res Havi ng Macronol ecul ar
lons In certain enbodinents of this invention, gquantum nanow res can, be
made usi Rgo @F/@aMCc macronol ecul es. These products can havecyiseasbds es
sufficiently high to make structures made with them stabl e. Dependi ng on
the size of the 5 macronol ecul es) the viscosity and other properties can be
sel ected to provide desired physical and chem cal properties. By using

hi gher nol ecul ar wei ght nol ecul es, the viscosities can be higher than that
viscosities of polyner materials made using either |ower nolecul ar wei ght
macr onol ecul es or small organic nononmers. 10 EXAMPLES In the exanpl es that
follow, the organic nol ecul es by thensghves are not highly conductive.

Rat her, the |ow and hi gh nol ecul ar wei ght nol ecules remain in an insulating
state. Inste r hWhiH st ARBbA dlore dARAI UM can

- be super condEguteitﬁ!gig&gé%ﬁbggﬁ%p%&%éggg%%%%? ?lﬁg&aanovw res 1n High

Vi scosity Polw{t®l net hyi - Am no- Et hyl - Met hacryl ate) 20 To form a hi gh

vi scosity nedi um cont ai ni ng super conducti ng nanostructures made in

pol y(di met hyl - am no- ethyl - neg hacvylaie). . . t he foll ow ' f steps were
carried out. Iﬁaﬁxhzsﬁep Tofpri ses iIJFldi vi‘Hh%{F kg‘b%%tf\é\ﬁp}ggggrgﬁn g}ég‘ %‘ﬁ WO
02/ (18019-4 61 PCT/ US02/ 02213 Step |:Formng a Liquid Medium Conprising a
Macr onol ecul & d&fiBsioAnce and a Dopant (a) A two gram sanpl e of

pol y(di net hyl - am np-.et - r 5 Vil N a he€ Whahldgwei ght  of
100, 000 om ¢ magg lgnsllg%qs ﬁﬁwh@&mg@%)sogoltﬁ\}gdlhi %Eg gﬁlréaFr}alssméﬁc the toluene to
create a sol uibeRenfialy ¢peadonttheftessaicght pol yner. This sol ution was
transparent and had no color. Toluene has very little, if any, polarity.
The pol yner has both 1 NO, QI Oy and ester  groups each having hi gh dipole
moments. One c?l;,g,pzofR(t%ﬂ}@ AR mﬁh%&@éﬁ;&%?ﬁ&ﬁ%“ﬁ‘&’é’“?&ﬁﬁ@ c 10
properties. (b) A smefT’ open flask containing the solution fornmed in step
(a) was heat eghahgesand erEpenat vneofalictlbenddi @uisobe fati®r high bebanst axentsmadl st ep,
the air was substantially renoved from.the ﬁt nosphere .and was repl aced by

t ol uene anobflan%@fpéﬁ%ﬂlééw’%“s%g@ﬁcﬁﬁ& Eﬁg)‘?é’g e &P S oved from t he
solution, 15 (c) smal i ec i i um was
pl aced i hPo the so uﬁ?oahsﬁo etoﬁée&?e%gag&)_r &élgrééatgégg%ﬂﬁgieﬁ ?‘llrllégyl %o?%da%?

pot assi um i s @3Geratie séBbrHeciiik peYmeASn HES pait asshavavater bigh coéfficieacame
distributed in the solution, so that after approximately 30 mn., the

mel t ed pot assofuempenatmseiexpahgigdgeneous, transparent |iquid nedi um having a
faint red-brown color. The col or devel oped as 20 the interaction between

t he potassi unjanddilsselVEY pol ymer formed a prior potassi um pol ymer charge
transfer conplex. The process was conplete after 30 mn. One ,d.ro? of this
medi um was t aKeat treswltsalipzefinals exnigpsien c fyr opeh ¢ jtegperature  sensitivit

_ RO pkdyaAT

15 R

cont cont

2 Electro-Mechanical Transformers
Contemporary devices using electric signals to cause micro- or nanoscale
mechanical movement are usually based on certain solid state piezoelectric
20 materials which have very serious natural restrictions. For instance, the maximal
non destructive deformation AL/L of such materials doesn't typically exceed 0.02%
and even in static regime requires the application of high intensity electric field all |

the time to conserve the non zero deformation.
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Step 2: Generating Macronol ecul ar 1ons and Free El ectrons 25 This step was
carried out to induce a nore conplete charge transfer reaction between the
macr onol geghanse$ssbst ance and t he dopi ng agent in the preSﬁ@p/gS@f/ozghem cal
groups having high dipole nonents to generate macronol ecul ar ions and free
el ectrons. WO (12/U8019-4 62 PCT/ US(12/(122G3 (d) Approximately 0.5 gram
of the medium prepared in step (c) was then taken fromthe flask and was

m xed with 0.025-0.05 gram of acetone on the surface of a flat piece of
glass. This was done in to increase both the strength and the concentration
of the easily noving polar chem cal groups in the nedium The 5 area
occupied by this liquid drop finally olggai ned on the glass was roughly 5
cn2, so that mean thickness of liquid nmediuml ayer was about 1 mm This
layer was suffici %lsﬁpérpblg onft Qﬁtst(hé’x@ﬁp@a'il@@t“ %mé(glﬁh@'sﬁbéﬁt%tﬂﬁ@f)

» UV-1ight. Another rop o %e medi um was taken to anal yze its magnetic
properties bdbmicd ipkdpeniynai i AES pelyni€hembiriges ccahapmvideormaerd ﬁffecstvep (d) was

irradiated for 10-1 S min 10 usi nonfllte dIi ht fro hi power ed
mercury | anp HeasPRBataR of dedri¢ &‘gﬁfg\?\é)rmS?haﬂfé qrder tanh ab%ﬁhﬁ | engt h

of 3-4 cm TQ?feL@%sPJe?Q% e %ﬁ%ﬂggfc%)ﬁ%erdq??&gu (&;[?) rbRRARGIck& ihadi ation,

and t he di stance ween e su the liquid layer was

appr oxi nmeg el YFigte oM HigeretZ1 ddpscthiaghieqpovagnetaf utihéor teempforlmhtg megmeicat ure of
the sanple increased 15 slightly. The esti rrat%c; tehrﬁwlger ature duri n exposur e
to radi ati on inigEcpn of twopesTastert currentsintaa forss EANRIPKEE AMOT i 1t e

bit more vi Sgo{fﬁ]t%ghaa@l Lbs M\@‘f% Lel Bétgveeﬁa‘f fe%losed Fo%rp?suﬁ@‘é\?lﬁml ete, the

remal ni ng ne a pa e weak OW (640) that a nore

conpl ete charge trggpited i@FidiroD1,bath 1bmuwdtua&ddmﬁE5@otwmmm2 in the
mediumin the presence of chem cal groups havi n gh dICBO| e nmopent, and

st abl e p05| t iand theedi stanas! ebaivegn tWOrlQORS 1HLET BRBAKS ?Sf‘é%hq’rr aneesdt r1Bns. had
been for ant um Nan rried out
to perm FE t héﬁlﬁé% h?tggoqurcgﬁn gﬂ?fﬁ%{%aginﬁ ?ﬁm'cﬁﬁ%lﬁglte-c{%lrtﬁ% gﬁ%fg? ma&&gml ecul ar
substance exqfefs cardRi Backoibs) Miértingakith hpRed BeldrPnseda bpbothsai d
guant um nanow’r es.
currents together. This interaction leads to the appearance of attractive force Fattr
when both currents have the same direction, and results in elastic deformation
(namely, a compression) of the polymer medium separating “these two
15 superpolarons.
The force generated can be expressed as follows. Current J] flows in the
conducting ring having diameter D. The velocity v of electrons and their number
n in the ring can be related to the mean distance between the electrons A as follows.
A J

U:—-—; n=
e

—”—12 where e - the charge of an electron

20
If the ring is situated in a magnetic field H0 perpendicular to ring's plane, the
Lorenz force F can be created which pushes the ring along its axis according to the

following relationship.

25 F= nevH, =mnDJ, H,, where c is the speed of a light.
c c
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WO 1118019-1 63 PCTI USl)2/02213 (fJ After the irradiation was
compl eted, five sanples of visco-liquid nmediumwere prepared to neasure
thei r magnghi/Gsopgoperti es. Each sanple was the drop of thecediardaken
fromthe glass surface with the help of glass knife and placed into a snal
basket nmade of copper foil. Magnetic properties of all baskets 5 were
previously neasured to be sure they did not contain nagnetic contam nants
by placing theminto a magnetoneter.. Any baskets having contanm nants were
di scarded. Initial masses of the sanples varied within the range 0.025-0.05
gram and the mass of the sanples changed gradually with tinme due to slow
evaporation of 10 | ow nol ecul ar wei ght 480l vents. The preparation of sanples
and their careful weighting took approxinmately 40 min. Room tenperature

magneti ¢ neasur gy ﬂ!& @?r??e Eﬁaﬂeh%y\/ﬁiﬁm\ﬁé Libdularl dbereRENPEIdWifd a8 KGauss,
mn. (g) T

and took about 25-3 e infernedi ate sanples taken in the end of
poi nts {a), (sedondmisigbeihgeoparaid fewn therfirstiringbyraatavelypmedlidistanss peshdleat
consistent with the known magnetic 15 properties of the conpanents.
Therefore, a¥r Bf dhBILHEMA °§S‘U§€Heq¢a§§éﬁ§‘&‘?ﬁly PB&t@HitH%mﬁgﬁﬁ@F PE&B
cont am nat | O'?ira'tﬂktrglotsg?o m'é‘gie%teﬁéi'ty i tHE cdritrr HRANERSREriNE aTiadniba t he end
of point fJ showed strong ferronagretic responses. The ferromagnetic
responsess corgkprepeddytthe fdlowen relatipashigl ect ron spin concentrations (i.e.,
free el ectron concentrations) within the range of 20 1.3 x 1 O 18 per gram
or approximately 1.3 x 1 O1 g cml 3 calculated assum ng the density of the
medi um was abgut ram x cm 3. The unusually high free electron density is
a characteristdc ature of quantum nanowi res. The presence of such high
el ectron densities proves their formation in the nmediumwhile point f) of
step 3. 25 (h) The next day, neasurenents of the sane sanpl es were nade,
and we found Bhedleldjntensinci/6eanaest in an atrastysdoranzdorgpbstyeest the WeRRESage 10- 15
% due to continued evaporati,on of solvents from.the vi i.guj-d medi um
The i ncrease 'f HISIr ShgFRts P_Yf%ihffémf _dﬁeﬁt?c’lf’l §Iﬁtf5} ﬁ%léf r_e¥%l§&’§ gé’rljrc%&ngélg)_ﬁe_ti c
signal s corr el akafrhitiR, UyteéRag Surdht HB&s GPiRE B0 Fidd inBppdsitedirbaivnb.vi zed
In circumstances in which each conducting ring is mechanically associated
with the surrounding elastic polymer matrix, the force becomes distributed along
15 a certain effective area S in a polymer which is approximately a few times greater
than the area of a ring itself, and can be roughly estimated according to the

following relationship.

S=4nD*=nD?
20 4

That leads to an estimate of the effective average pressure P within this area caused
by electromagnetic interaction between two currents and can result in elastic
deformation (compression or expansion) of the polymer layer L separating both
25 rings. The magnitude of the pressure can be expressed by the following

relationship.
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spins related to the mass (or volune) of nore than 40 % The fi nal rriaterial
was a viscous liquid, with no phase separation in the nedium and thus had

no Young'ﬁoﬁgg%llyp. Moreover, this material contains S staBlgséiadRium
nanowi res and a nacronol ecul ar substance concentration of at | east 30-35

weight % In the further descriptions that follow, we will provide
descriptions of other enbodinents of this invention. However, details are
provided only if they are signif cantly different fromthose described
above. 10 Exanple No: 2: Superconducting Nanowires in Low Viscosity Poly(N,
N- di met hyl am noet hyl net hacryl ate) I n other enbodinents, the polyner matrix
is otherwi se the sane as for Exanple Ngp 1, with the only difference being
the initial amount of a toluene. In 15 this Exanple, the amobunt of toluene
was 48 grans and the initial concentration of the polyner in the solution
- is about 2 weight %.5 znal ysis of final sanples (Step 3, g) showed the
ferromagneti cpsd ghii el ChRf R&ipedssivhiCon cadtityltessaraiands. expleswdi r es
provi ding the chabacteristic ferromagnetic properties appeared as sol vent
was permtted to evaporate and the 20 concentration of -nacronol ecules in
t he nedi um exceeded 5-6 weight % As with Exanple No: 1, Exanple No: 2 was
a liquid, and therefore, had no Young's Arpdul up. Exanples Nos: 1 and: 2 are
liquids, in quimefcdfo“ﬁh@redﬁti‘ohdﬁp.né’empim-ﬂﬁi?H*i al anount of organic
sol vent (toluene) used. Therefore, it islappa @nt that products 25 made in
simlar ways, but using anounts of solvent bet weeg@tﬁprat used

for Exanpl es Nos: Thei-destguevegjesoymaton Aé[(f: géﬁ’roma%‘gi}?f‘?.m tor
R T
of * S di mes hyl j3gpsaaishd theriohaiion | Rkeatioat 0divgal hylabaatn@etytmdcr fhat e) and
t he mesogeni ¢ groups (x) shown below R . ~-CG- G X OC10I1 (CHz, ) nYt O
z 0 MR 1 relationship 1s approximate, and other values wifhin about 1 order of magnitude
can also provide satisfactory deformation characteristics. From the formula given
above, the magnitude of P necessary to achieve polymer deformation can be
achieved when the diameters D of the rings is about 1000 nm and both persistent
10 currents, Jo and J1 are about 0.1A. If desired, smaller currents, in the range of
about 10 mA can provide sufficient force if the diameter D of the rings is reduced
to about 100 nm.
The useful life of devices relying upon local piezomagnetic transformation
can depend on the persistence of the circular currents, JO and J1 in the rings. With
15 longer persistence, there is a longer ability of the devices to transform magnetic
energy into mechanical force. The formulas provided show that any type of
deformation (a shrinkage for the case of parallel currents or an expansion for
antiparallel ones) is proportional to J1 if Jo is constant and doesn't change with
time. Therefore, by selecting J1 to be less than about 10 mA can permit close
20  control of the deformation from zero to 10%.
It can be readily appreciated that changes in the Young’s modulus of the
material can also affect the relationship between Fattr and AL/L. Thus, a more

elastic polymer can exhibit greater deformation than polymers that have lower

elasticity.
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|
,CCH2 - C~1 mO=C101 k=2,3,... (CHz ) k1 N/ \ CH3 CH3 where R R

HCH Y=OCO CO -CONH 01Z7Z=-; CO COI OM= OCH 3

- OC2H 5 : F :

CN ; NOZ vyoMsoiosN(CH 3 )2 n ='3, 4, 5..., 10 10 WO Wp¢Ha8iMriss |

PCT/1JS(12/ (122C3 66 I n specific enbodi nents,

we sel ected fromthe above

general fornula 4 specific species as follows: TABLE IV O ganic Ml ecul es
for Superconducting Superpol arons for Enbodinents 1-4 10 15 20 25
Subst i t uent Enbodi nent ) Enbodi nent 2Enbodi nent 3 . Enbodi ment

4n4586k2223RHHHHR CH3HCH3HMCNOCH3CNCAH9Zabsent O- C=Cabsent absent YOO C=00

~0O- C=0 The chem cal

t he choi ce of

same ability

groups expressed by the ratio

of index n and substitutes 43 Z and M Such groups included in
pol ymer chain are known to forma polyner liquid crystal structure.

s C%%%@Javaftfér%ﬁ%giﬁﬁk WIBTB ddsirB@N BV EALE exariifle BRBO@EN C
= X + nm is sufficiently hlg]h.
CEX

(x

Exanpl e No: 3juatibtaticoneumah perereated mheteairetht echuined defornsatin canyeraain g

Nos: 1 and 2,

to _form quant um nanow res ngrﬁ(?ﬁ?wi‘gem%&{‘lﬁg

The

I n
anpl es

("Q) of mesdgeafesigf BepRd Rftims. dRiregne@n Btg{ellue%%Palﬁge' of

concentrat i Orﬁg)ﬁgaltaziogg,ta?ﬁbil ihNElafil 1@ls1WPHREN AlcaP B Y& HoP fRfanEQ QR figaPEr at ur e

is found to c e nanow res with the polyner liquid crystal. state

occupyi ngs nor

of nacronol ecul ar AlgsBatarebe 3 dxewrig oneeanis yRd, waerein

10

15

20

25

e

RudchideaBbe BOMOaf thistbasisol ume of the material if, after partial
w0 112/118(119-4 67 PCT/L1S02/022(3 evaporation of, Ehel(?(%l vent, the content
&

ocal deformations can
be made to oscillate. In some embodiments, the oscillations can be at high
frequency. Such dynamic regimes can be desirable for rapid opto-electronic
devices. Other embodiments can be used to create local ultrasonic generators and
receivers, which, for example can be used for wireless signal and energy transfer
in nanocomputer and biomedical applications. The idea of dynamic regime can be

understood from brief explanation provided below.

In order to evaluate aresonance frequency f,,,, the effective volume V' = zD* L
of an elastic polymer matrix oscillating between two circular superpolarons can be
represented with following mechanical scheme where two masses are related by the
following expression.

m= %sz 0.5p7D* L

where each mass is connected with a spring having equivalent elastic coefficient

k.

Figure 22 depicts the relationship between two circular superpolarons of

this invention that are in proximity to each other and whose planes defining the
circle are parallel. The term L/2 refers to the height of each cylinder related to
oscillating masses (see bottom of Figure 22).

The superpolarons have diameters D, and in the absence of current, have a

separation distance of L. The polymer material separating the circular

structure of the nesogenic groups nmay vary depending on

ncentrations



Exanpl e No: 4: Superconducting Nanowires in O her Copolynerized Polyners In
Exanpl e No: 4, the co-polynmer used conprises |inks of

di met hyl aghnesetdiyd - net hacryl ate (or di nmet hyl am noet hyl - acpgraise)oasd | i nks
of hexylacrylate. The formati on of nanow res takes place even if the
content of hexylacrylate |inks exceeds 80 % 10 The material obtained in
Exanple No: 4 differs fromprevious ones in two respects: a) it is

anor phous, and b) At Q> 80 %it has a glass transition tenperature bel ow
roomtenperature. Therefore, at roomtenperature it is a liquid, not a
solid, and therefore has no Young's nodulus. A feature of the manufacture
of certain quantum nanowi res nmade at | aw 15 concentrations (< 5 weight %)
of macronol ecul ar substances in solution can be that the concentration of
free electro i i raNhdiTbEpén Bie dedivhwn

* nanow res su?@?%?gﬁgcﬁ{sggggmdlé%g%tagg%\k/j\n'g%bhétgd:?ggnetorretgr. Therefore, at

| east one of durenf withinwhegirawdrisopespelaronbe tgpeldive dorce o geasratedthstween
concentration of free electrons., First, the_.ev oratioqrj of exceés of the

sol vent can Zbe BePeERAl#ens, sERUINRS 1 MYVt A& ﬁ ° SIRFEPEHRBLY g8l enent s
as descri bed éa@lé Eglgrgylﬁgr? a@ant - 4ThS8a R boektfent IQ{r“] #Rivbine Khwédpawo

macr onol ecul ar ce can be decreased by adding a sedi nentation agent
of the pobymedircutir esporsarondieandieanxpreasedrbgtthe follofvingnetaticashipent i ng agent s
varies fromone case to another one and should be individually chosen in
accordance with particular chem cal structure 25 of the polyner used. In
general, rel at'vezypopo r sol \Zé’mbzs be used. For instance, instead of
tol uene, an al®&hol, sWkcas Tefhafid! can be suitable for sedimentation of
poly(acryl ate) - baseld pol ymers ‘and co- pol yners. VI~"0O (12/(18019.1 68
PCT/ U S(12/ 02263 . Because sedinentation occurs.in tFe %ﬁl .ut{fn a
precipitate cbpe EEonaREe FBRRUCHFHhe OhR AT BOTPE SPHHHWI SOFRCERLL 6 8% m of t he
flask and fornms a separate. sub ase f].n whi ch quant um nanowi res appear. An
anount of nanﬁwr?sé%d&éﬂ‘@é?lécml@g 1P Ranget ometry can be obtai ned when the
concentration of the 5 macronol ecul ar substance in the sub-phase exceeds
about 5 weight % |In additional ucts, sodiumnetal can be used as a
dopant instead. of pbtgskium 1Th ngly difference in the nethods of

manuf act uri ngquuén?‘tr n’ﬁne\m‘%g is.that Step 1, point c) should be carried
out at a tenperatu & addbve | , Kecause sodi um nelts at 97.8C. 10 D.

Quant um Ngnowi res Made Wth Low Ml ecul ar Weight Organic loos In the

mat eri al s descri bed bel ow, the nmethods of manufacture are 15 substantially
simlar to thBseexdopls, apelymienhavingpiensity 0f0.8 g e OUng STRRAVSIEY | pt i ons
that follow, only those details which are different are described. The
absence of speeifolymemNEgIBf 198 dyo/chitfe onoodrr estiynateethnt /1.histabokied MHz
correspondi ng steps are the sane as for Exanples 1 - 4. In general, to

manuf act ur e q%g;e%%m}%g%etggéggkq%bsiig IEG@HHJ, Qfad Eymsg-,oabzut A NVEgE UM i S

formed in accordance wt tep 1 above, and is doped™wth an al kali netal

i n_accor dancesneid e SlsBRcAL (Siboulleh dmeat ed according to Step 2, but does
not contain macrom)fecul ar substanges du&i ng the steps of form nlg[ free
el ectronsls The value for Ypol of 10 dyn/cm# used above remains valid only until'the

period of oscillations exceeds characteristic time of polymer relaxation. Athigher

frequencies, Ypol (f) increases gradually in accordance with particular chemical

structures of given polymer. At high
frequencies, one has to use transcendent equation which may result in even higher

| 20  resonance frequency than it has been estimated above. Methods of estimating the

transcendent functions are known in the art.
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i
Macronol ecul ar substances are forned after Step 3. 25 Exanples Nos: b-7 The
descriptions of these three types of enbodi nents and net hods are provided

t oget her \WeGaugRoi he only differences between them are thabrAishienent
organi ¢ nononers are used as starting materials to forma liquid nedium

WO 02/ 08f 119-4 PCT/ USfI 2/ 1122G3 69 Differences in properties of

i nternedi ates and/or final products will be pointed out 5 in appropriate
pl aces where di fferences between the starting materials are significant.
Step | : Forming a Liquid Medium Conprising a Low Ml ecul ar Wi ght Substance
and a Dopant (a) A solution for each of the enbodi nents described in:
Exanples 5, 10 15 6 or 7 was nmade fromggrgani ¢ nononers shown bel ow as Nos:
1, 2, and 3 as ion form ng species by addi ng toluene and a correspondi ng

| ow nol ecul ar wei ] i : No: 2
- (#2; MW= 157 arru% kiEahr‘i’ NOB{F&%&(&%;}EW@E%&\&I);’ 1:%%;&3%@1;&3%]%%) of t he

sol uti ons wergndl vatinghiof ¢astzc Solymegbdtweén tavodlodpRiReL chn%s ln‘eﬁp@cml vely, so
t hat nol ar concentrations of all sol utions r r oxi mat e uaI The
sol utions of qsa@@eom%w%ﬁwssaaﬁcfreaewaéﬁebw &b‘ﬁgﬁ’é?fs'é‘lg a@@@%’p ECc H#9 O=C
#2 #3CH2 C- 1Co i3

G Dy on 1 Rese Epgt Pty ThE Pty SHCRY RadTRlpIRtdd s

sol ution sas skepRdond dah bs esichud wikinahe exféraallyi applied frapenty Atoirendesfwithodi um was
between 0.1- 0.5 weight % Sol utjons of m)norrers Nos:. 1 and 2 di ssol ved the

sodi um conpl e?tdf glosp i tadrsoparsedreaiencyfeest %“@?‘B@Fé%ﬁ?ﬁe‘ iMaS poi nt of
sodiun . but It 8 nddh tk vS’éénQafbo{}PE'WE afid abOif APHEMSigh Shaliy seheon! ¥

partially even arter t erature was | ncrease ums mel ting

poi nt. At themgagu®¥ psi @maihs a?ﬂﬂcabhhﬁ@h@ﬁrbd}llanYI&n@@.dlf&hs&lmticemochﬂllse
r ed- brown col or, |nd| cative of the formati on of conpl exes of fhe sodium
dopant and thl@cmmmﬂﬂsncrﬂﬁlr&féfmwn%ﬁhé#@PPHQGEBWC igat hepldgerigAte | ons and

Free EIe arrledot o]
naucet S0rmor o dhf eBvkRe ABRGUEY indhel CTnFIGMRAER ek Aun ER 2. e
organic mnon@dxﬁu&énﬂameggeﬂérg@mhmionqé@umragutnb Theglepetideade ggp(Bedn and t he
dopant, which generated | ow nol ecul ar wei ght organic ions and free
el ectrons. very for polymers with different chemical structures.
Elements as described above can be used in any situation in which
mechanical motion is desired. These applications include but are not limited to
15 motors of small size, herein termed
nanomotors.” Nanomotors can be used to manufacture robotic devices of a variety

of desired sizes. For very small devices, small numbers of nanomotors can be

arrayed. For larger motors, larger numbers of nanomotors can be arrayed in series.

20 3 Transformation of Mechanical Deformation Into
Electricity

Certain embodiments can be made that can directly produce electricity from

mechanical deformation. A two-loop configuration of circular superpolarons is

25  created similar to the configuration described above in Figures 20 and 21. A

persistent current Jo is formed in one loop. Mechanical deformation of the

polymer containing the loops can cause a change in the distance L between the two

loops. The relative motion of the two loops can cause a change of magnetic flux



) - !

(c} Mononers Nos 1, 2 and 3 contained polar groups in their chemcal|
structure shown above. The polar groups are ester, keto and ami no groups in
nmonomer Ngg odwgogest er and ami no groups in nononer No: 2, apdr@Ri@®ebey group
in 20 nononmer No: 3. Because of the keto group in nononmer No. 1, it was
unnecessary to add acetone to this m xture Small anounts (about 0.1 weight
% of acetone were added to solutions Nos: 2 and 3. (d) Wile stirring, the
solutions were irradiated by a mercury lanp directly in glass flasks. The
fl asks served as an optic filter which renoved the far 25 UV part of the
radi ati on spectrum and prevented premature pol ynerization. Al other'

. conditions of the illum nation were th@gsane as in the Exanples Nos: 1-4 .
above. WO 02/ 08011-4 PCT/ US02/ 022G3 71 After Step 2 was conpleted the
colors of |iqu ' f bl iadideAQuirb@tyja nore

- conpl ete cha?gﬂgg?‘? Qﬁé?éﬁdrﬂéﬁ@cﬁgGﬁggﬁ%@gyug?lpéerge,{hm%hﬁﬂg to ionilzati on of
| ow nol ecul annweiWihth tehess afaloatraindrctitey, thepmargyrod ¢histufrerdcarbevseddas i n
solvated form 5 Step.3 : Form ng Quantum Nanowires Step 3 was carried out
to form a phabargebaiseriesiongthsr Wiser onol ecul ar subst ance conprising i oni zed
chem cal groups orjgi:nat i r J RY=Y i e content
in the phase great'%(gh{Pﬂ{%@%h&/et%%Ha%"tcgwgwgﬁveﬂogg l%hgﬁgﬁogg?gerﬁ} form
quant um nanovdisaedicdl @pplidationn| BA wayisf axampld, iraplahted necrotlectromt desgesf | asks to
quartz fl asks because,nguartz is transparent to the UV radiation used to
initiate bul kapdesamee ingapandent oSexisrmal SAHPFHPIRCIIGEITHORRSANSS R asks,
the flasks were heated.for ] e t | uene and
to renove anygefl?rﬁgee%le%?c%iep r%gma%g}a‘g? mﬁg%?&frfclaﬁ%ﬁk%r;{t%‘ﬂgfgeﬁ Erggegol utions

wi th el ectrormgesy kom mevahdnofMpsatiearsiodd. @t elesirichl signaly soggneratedbef or e
using the sanme nercury |anp. The polynerization process took 15-18 hours to
pr oduce apparcanfoeiumte@@etrokﬁndtoﬂ?ératﬂCéé’t?ﬁ icuding cardac pEwRkPhs. The
resultigg vi sco-liquid nmedia contained solvent, traces of non pol ynerized

| ow 20 mPecul ar wei ght conponents and macronol ecul ar substances, including

ionized units originatigg frQmdi@ieOpes-Wiettron®d SWitch ons generated while
Step 2. Because of the requirenent of overall electric neutrality in

sol ution, the frednelthkerembadinatseofjhie invientiers camprestioy obypelBcHBRaT ol ecul ar

substances. (fJ Magnetic asur enment s re.carri.ed o f I of

vi scous 25 pHAGEN %Isp%ed?cggmf’? B?Hngl?ﬁ‘ﬁe _ﬁ?eeﬁffr?&wealﬁﬁe’i §¢ glg nrlnat{ eri al §
described in &?&ﬂg@i'n%éfr&ﬂe iRk EAIROREA iFproiaB &k iiEIRsy bdvad s irembiity 6f of
quantum nanow res were found in the polyner nmedi um nmade of monomer No: 1
when t he 18t ar 4 devicectoreither refiéct wp tramsmrit incidenOel¢qirbgGigactirardiatisy, basadory i 3 72
was greater than 5 weight % The sanpl es of pol r dium made of nononer
No: 2 showed EFFHONG CoFER! RMEE % FPTRR eﬁoﬁﬁgﬁgﬁﬁxﬁiﬁéﬁ? egg%aope?} %C‘r%mtn fe sol vent
was al | owed t g evapaRahgsisiodilichiopRtditiroAltvwalch&is IRSrAET6EAE folibwing

macr onol ecul agvlgcﬁlbggh%ceﬁieocarge gr eater than 68 wei ght &? In both cases

t he average relationships between an induced current J; with refractive index n:

20 M) =n, A+ ALUN =7, (1 +%IL,JI)
L .

Deformation AL/L of 10% can result in a 5% change of index of refraction

n which can be enough to cause the device to be used as a quasistatic opto-

25  electronic switch (Figures 23a and 23b) using the phenomenon of complete internal
refraction.

Figure 23 depicts two states of a quasistatic opto-electronic switch

according to this invention. The switch comprises a bilayered material having one



I
5 concentration of collectivized electron spins (i.e., free electrons) was
between 1-2 x 1018 cm 3 even before conpl ete evaporation of the solvent. In
the case h ¢sagpbes made of nononmer No: 3, the characteri geifysei@ags ure of
guant um nanow res appeared only after the content of macronvol ecul ar
substance in anal yzed nmedi um exceeded 40 wei ght % That result correlates
with decreased ability of 10 nononer No; 3 to dissolve the sodi um dopant
during step 1. The correspondi ng final anorphous polyners for materials Nos
5, 6 and 7 have different glass transitions tenperatures wherein Tgl > Tg2
> Tg3. Each of these products was a viscous liquid, and therefore had no
Young's nodulus. It can be appreciatedgyhat the descriptions of specific
enbodi ments provided 15 herein are for purposes of illustration only, Using
the t eachi NGSoRk: e LS fidte dRYERSILRBY af JHCIdj RERAHHEFRYE HavMERASS! DI e and
' can be readily manufact ur and remain within the scope of this invention.
Addi ti onal | y,depsopolyettr nceezhmlgl amntalffambetmelarthbm hedui mld@f\t bpamafi lity are
not intended to be linting. Rather SSi .ot herd (%hanl ss
and theories ‘?Womé‘ﬁl‘félcﬁa‘ilﬁ%o'b%éFaé’ﬁisll?ﬁ?"6‘?’ E‘Fﬂsgnfé“’l”ﬁ ying BHnd A t hose
mechani s andg] BEan &% ANIEoRE bRk Wit hidt hivihb Ro6aeRy. ofhcliftick

i nvention. erences cited herern are incorporated fully by reference.
| NDUSTRI A§- ARHLrbeé\Biohl T.YinQhantss densenoedinescanf depbnd on avieedl carremtaleinni de
applicability in the fields 25 of el ectroni em_conduct or _nmanuf act ur e,

bi osensors, sSifouiansuepdarens lasHudione Wharin @'@én‘%érofmﬁ]"&ﬂo%n’éﬁ"%ﬁze and | ow

power Consuzgﬁifylo-—%%; gﬁgﬂdélﬁtﬁ gt l@gaﬂ{ Il &atr no rhésnl\é% (h%%fol(lé%r%;ﬁd s rdffechedlO. Ve

Claim PCT/ osi tfon one quantum
nanow re, saigbniplaslylmh s eitdation cmmswitsln rsg:los(ed)(F@ureaBamrrhi situatians mat ri x;
(b) a source of di poI es; S ) a_dopant; and (d) at |east Tgne free eI ectron
2. A conposi twbuqhhlm/wr@;na lséag'tm@rﬁ]é‘ highn i CR¥SHERTBRIEFSEoOn Qiaihg 1ess A8RSFm

opant . Afia" (5P RY S FrEERPE pa il QTR BALRANES: ()

dopant ; T osition of claim

1, wherein atiglRasheduROh HAOsiRfaticRIHE SWoRRASsIechQRiguarIBb).ses at | east one
ion and at |east one solvated free electron. 4. The conposition of claiml,

wherein sai d quantQne advaotee of hakatie reaime of puchtpiezamagnplic dlamarts iSthat eat er

';nggln uﬁ]bogén;?ﬁi %&wereﬁergydlssqgart]log assocxa&:ﬁ %ﬁsupegco%dg&mtsﬂﬁgr&ﬁ&%\ﬂ@ b N a

signal exciting persistent current J1 may be applied for only a short time. With the
15  appropriate choice of polymer matrix, the switching time can be as short as about
10-7 s. Once induced, both persistent currents JQ and J i can interact for long times
and keep elastic deformation of the polymer matrix stable. The above scheme of
opto-electronic switches provided above is not the only one possible, and others
can be proposed based on the principle of changing the refractive index of a

20 polymer at an interface.

Vv Manufacture of Conducting Superpolarons
Manufacturing superpolarons having high conductivities of this invention
involves three elements: a dopant, an organic molecule, and then the materials are
25 reacted to form the superpolaron. Certain organic compounds can have high
jonization potentials in the range of about 10-11 eV. The ionization potential can

reflect the energy required to create an organic ion and free electron in a vacuum.,



T
the steps of: (a) fornming a viscous nedi um conprising a macronol ecul ar 25
subst ance conprising dipoles; (b) adding a dopant; V1' O 02/11SU19~ 74
PCTI US113\db2ask3eL C) permtting a charge transfer reacti opct@sPguEs bet ween
sai d macronol ecul ar substance and sai d dopant, producing at |east one ion
and at |east one free electron; and (d) pernnitting said macronol ecul ar
substance, said ion, said 5 electron, and said dopant to forma quantum
nanowirc in said medium 6. A method for producing a quantumnanowire in a
matri x, conprising the steps of: 10 (a) form ng a viscous medi um conpri sing
a macronol ecul ar substance; (b) adding a source of dipoles to said nedium
(c) adding a dopant to said nmedium (dugpermtting a charge transfer.
reaction to occur produci ng at least 15 one ion and at | east one free

el ectron in o%ﬂﬁi) t vfa Sadlémalriicum
»nanowire in ?g’:rcg}l matt$dtllliec . u‘“? ﬂn@?&?@%ﬂ‘&%agl@ﬁmﬁ%%\%ﬂher elﬁgsal d charge
transfer reaathbaraghlyrsplosdnvaden asam@fmmmm@ﬁnmﬂpmﬁésﬁeglﬁﬁé,aliasp@opant 20
8. The method of cl , additi naII i sing,th tep n||tt|ng
sai d medi um trépf§%ﬂnfe§|arsy G EentitErog 1 feg)‘afai% ‘%é“ efcﬁsfemt L@?anﬁéw re,
conprising t H&d (B heRRA] fdndg a | ow
mol ecul ar wei g R By gsnaéléét"?’g%ogg’ %%geﬁerg%ieﬁ? V10 02/(181119-1 75

PCT/ U802/5)221du$mg¢<)mmfom ariid witera charge transfer reaction to occur between
said | ow nol ecul ar wei ght substance and sai d dopant, producing at |east one
ion and at | east one free electron; and (d) permtting said at |east one
ion, said at }east . ONg Q_Iéagtrvon and said 5 nediumto forma macronol ecul ar
subst ance and %ard um nanow~re. 10. The nethod of claim9 further
conprising the step of"addi ng a source of dipoles. 10 11. The nethod of
claim9, wherein the weight percent of said | ow nol ecul ar substance in said
medi um i $0abogy, 5% the elgteaitic.endrdy néeesmingtoisaparate bpe elsétrm from the ion in

ac-sép
a vacuum. In the previous expression, R, is the typical ionic radius of about =
0.15 nm. For other ions, the R,,, can be different.
The energetic considerations can be different if the ionization of the
molecule occurs in condensed organic matter. This process is herein termed
15  “internal ionization.” For internal ionization, the term E,,, can remain the same
as for vacuum ionization, about 2 eV (for example, sec Figure 24 b), but the second
electrostatic component can become reduced due to a high frequency dielectric
constant inherent for given condensed medium. Usually, the high frequency
dielectric constant €, can depend upon the specific chemical composition and for
20  certain organic dielectrics is in the range of about 2 to about 2.4 . Under these

circumstances, the second component of the internal ionization in a condensed

medium /,,,, can be expressed by the following relationship:

EMad-sep = __eZ_ = 3.3-45¢€V.
25 €, Rian

A corresponding potential of internal ionization can be expressed by the following
relationship: I,; = Echen + Epeq.sep = 5.3-6.5 €V. The above value represents the -

energetics of only a so-called vertical ionization which involves pure electronic
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15 (a) an insulating matrix; and (b) a plurality of quantum nanow res
therein having a current carrying capacity greater than about 10" A/cne.
13. The rRppesh@eef claim 12, wherein said current carryi pgrgapaehéy is 20
greater than about 10' Alcnz in a tenperature range of from about O Kelvins
to the deconposition tenperature of said matrix. 14. The nethod of claim9,
wherein in said step (d), the current carrying capacity is greater than
about 10' A/cnz. 25 .Al.As .Ass% A .AL(L.Ar.AL9.A .A 9 As;
LL. A AL9ALsAL(A 9AL9A 9.As.As . As .Ass2. AL'L. ALLL. AL
AsL’>ALAsLA sS.A A _AsT A LL.A(.A9;9. As(%AYs .As .As;Le. As(R A
. s9. A( .As?A(. A3 A s9. A(9 A(9 Al.AB(.A (.A(.A . A %As;R.A(e.A(e.A‘(
.As‘9.A‘( A, L As; A "9.A; L.ALe. A(".As;.As;.A L9.As; 9. Al; .A L9 AY;. A
CAY(C % AL rocesses of structural
: —Nt #Zv}l\/(vpkfp a?c Scegt’]aclg dé’%] %%]t%kae tc?a"]°35'3?r§2?’3:3‘]idété‘]’“caé coa] ca] ca] ca] ca]ca] caJca
] ca] ca] ca] careapaaiatmhowsititihahe ajedaid dalldvaag @aangb aepaDEign. 9 Dne possible

Lo e e s i e

[T mheA
J cal cal cal cal'balcal Cof ?‘@*ﬁ? Lok sbet ikaRlenlaenloalpigl 3l ool o0
((())r))sa*laxa meghtﬁ(z]e]s}:ﬂam]:d:ellargdscs]ncmas]oma]loa]campcm}exgqtmaw @]vow]dcﬁ}tc a] ca] ¢ a]

cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcia***7+K+++++
,,,,, 0gugwugespsome energetic gain. Under certam conditions, such energy gains

333394 44444 Lk

a] ca] CZ.] ca] c{a]}gg‘?ﬁgl ?%):alf a%%:%f]cg]ijcg]@]ciaaf]gg?éﬂf ?é%@%ﬁ%g@u%&?] Fa]mC?] :
; <\ <<<=_==3néctiratddrb&sdlardrdlds] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! * AKAAB"BBE*G J$J/ J

@ JJI5KKKA 0L} LL& THIS CORPII Al PR F AR 66 d‘a]t\YS]lﬁlé’PEa‘]tca] ca] caj
cal ca] ca a] calca ca ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca! Q Q. QQRS
VYY: YY, Z Z[ &\}‘ REhpan y st a{vql gb] X] ] ca] ca]ca] ca] c

a] ca] ca] ca] ca] ca] 033] ¢} cakiepbeal ekl eahial €&l mahealiediamhcUypiaiica] ca] ca]

ca] cal] ca] ca!l aWaa2bb. ccccdndddeNeeef Uf f f gXgghh) hphhhi ni i | wnhc” Y]] ] ca] cal c

a] ca] ca] ca] c aubarad caldensed Hfeids saitha] hekeeyrwindapodp tapwareasy fsp@dlca) ca] ca]

Pt

EﬁLE?] fg} fﬁ%ﬂ%&%ﬁBW&%é‘éﬁ%ﬁqﬁsyW]‘qg t“]'%n}mtgg‘ \ff'] ]llltr le t fﬁ“é%]‘%%]“éa] cajcalc

a] ca] ca] ca] cal sl orhtdul 0al3aahealk 0abeal. Q}ﬂvﬁﬂﬂs@a&m]tmaldwdre@drc glyca] ca] cal
ttvj vimvvvwh wwwxnxxxyayyyztzzz{ {{|!|[f]||}]1}}}|wnhc”X] U ca]ca] ca] ca]ca]ca]c

a] ca] ca] t4] ca]ema]rxsa]n cba]tc@]ltga]foa]m]@a?@aqreﬁ]o@aqfcﬁa’]b&?@al]léa?léﬁaﬁ]f@al}@au] ca] ca]

| ~~~~

gg]zﬁgk% Q %/\] caejlﬁca‘]c’@&]ec’ﬁl]‘ Ingasey ipAyhich g additignel gain of abqut 1 €% & tgl]ecl €] ca] ca] ¢

(a]>]c aLEgL&% )ia% ﬁaﬁg}ﬁ%@ﬁlgﬁﬂoﬁ@ﬁﬁl E&i&gtaéappearance in such medlum is due to

WV] ca] ca] ca] ctenpatatpéxrervhlbapicmgdacors (UV light, electron beam, or cosmic rays and

Sbyto] o [ VKT éqac] i Civ]%%‘]{eaf&tfﬁhf%é}«s%nﬁaﬁ SR TR ] car cav

ca] ca] cghca cal]caV] ca
} 2>}AQ’ ]0$>%§gd} ?ﬁp ﬁg{y SSS\%Q]%}:%%%] c!a] caq] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] b:)a] I€ &b cmc]mal] dapficgm pgavis apahyd esopye of free electrons,

VA bW VB | gb

: L]a] ca E]ai X?ﬂh% rgtpbip Ry eaca caea e Flefvéﬂ A %@%ﬁ%ﬁfﬂ%ﬁ ]ii"‘% } i'“]c]éi
ca] caj] ca] ca a)jcal ca

ca] ca] ca] ca] cgﬁa%f cj‘{ﬂ' 5‘3%&%@@‘5@%“ ?rg%fﬁ]k]q-@ %a eggadu%a\/]ggaﬁcaf]ﬁca]rga] caj ca]

ca] ca] ca] cal] eghnia]coadastd ajisahca] cSilnlat telnadyainapoadiplad eaflestivel ca] ca! YJ

" +1vRCa5

A vl gbPW | UpkoyE &) bagsed fe estisna ot 69T 8i5§ E%‘FE%P&Q\V]‘%%‘PW%%‘PB&PE%{] ca] cal ca
] ca] ca] ca] caj i aV] ca] ca
] ca] ca] ca] ca] §P% f?%%. ﬂi&% }:&ﬁ] cg%g?%&ﬂ A ca] cai cgﬁp ?:tg]tg%])%)]g]wc%fca] cal ca
] ca] ca] ca] ca] sedupfdlicveRsSlaithd1d BsMzée} diecttoni arel si ffedeieind offhedpwehpEitea] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] caV] ca] ca] caV]ca] ca] ca] caV]ca]ca
I-z0{#l | kVU, j al] wnmhc”Y] ] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ] Kl nFb" %wsYC| wr mhc”Y] ] c
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calc
aJca]calca]calcalca]ca]lcal N

Su*} CHS5TWU| vgl gb] X] 1] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc
a]J ca] ca] ca] ca] ca] ca] cal] ca] ca]ca]ca]caljcaljcalcal A rO0]/




2 @B '

| _BGV}wr ngb\ W gb] X]]] caV] ca] caV] ca] ca] caV] ca] caV] ca] ca] ca] c"a] ca] ca] ca\/] caj
caV] ca] cavbeapmad.cal caV] ca] ca] ca] ca] ca] ca] ca] ca] ca PaVe>Y pyrfisn2/02263 |
zupkfa\Wgb] X] ]] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] caU] caj ca
V] ca] ca] ca] caV] caV] ca] ca] caV]ca] ca]ca]caV]ca ; <LOQa9<Qr<' ? AF Q

{vqgl ga\ Vkf a\ Wgb] X]]] ca] ca] c*a] ca] ca] ca] ca] ca] caV] ca

V] cMaV] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] caV] ca V] c”aV]ca] c”a]ca] ca]ca
rrrrrrrrefret <t s>"@c"h"u(x(((((())) G *. +++] wnmhc”YTI gb] ] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] caU] ca] caV] ca] caV]ca V]c”aV]ca

. V] c™aV] ca] ca] caV] ca] cMa] ca] ca] ca] ca] ca]ypa

+,/,6,K U ,--1-+]-0..4/C F/ H Y/ /00000011#1(1*1I 1~wgl f a[ Vhc”YTI gb] ]] caV] ca]

caV] ca] caV] Caelé@ll%na}}{]a%cuum as shown in Fig. 24, case b, in accordance with following

* V] c™aV] ca] ca] ca] ca] ca] ca] cal] ca] ca] caFca] caV] ca] caV] ca] ca] caV] ca] caV] ca] ca]

cal 1K1R1{ 1111eh11&t2cir12@282U2v\/222444E5K5 555L66677(8"88} xsnid_ZU gb]]]ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] caU] ca] ca] caV] ca] caV] ca] ca] caV] ca] ca] ca] caV]

ca V]c™aV]ca] ca] caV] ca 889g99 o S R &

<. <1<A<<==>>>2| ?2 e_ZU] l.cal]caM cajc ca) cal ca
] caU] ca] C%C ?Féea] cHi ca‘]”ca & ﬁ”afj]ﬁéa] (F:)ia] ca]Lﬂle]—c!a] cgl]U]—ﬂT?a% %g] ?Zi] g\g]] ca} ca% sA
X AAPB\ BBCCCXDDDPEF{ G&HI / 1 YI'11JJJJ KcKKKKKKLL]"WI ga\ V] ] \7] ca] caV] ca] caV] ca] ca]

caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]

caV] ca! LaLLLLLLHMRAyMERDRXOE SR/ TP ZRPREPEIOEKIuMnRE-20d erinal \d6pirgadgknta) cal cal ¢
a] cal] ca] caV] ca].ca

\/} c"aJ]\/] c}a] c\a/]\ﬂaél\f]cé'éﬂeéa’PéH’Péd]l@aW%]‘ velfied rensitieon Q%WEQPEHPEEW] ca] ca] ca
RS} SSST[TI TT Ac”al cal c”
a\/J] cal cEaU] ca]{glt%l}{a%{%waé%é?wcai Ea% ca %%%H:ﬂa(? ILtH% glf r]] ca} ca} ca
] ca] ca] cad[ d\ bfiskpdrated chargds :ﬂédn\ﬁdn\léd\By#@s%ﬁmmrﬁlﬁdammaﬂbdmbéesﬁ &A{ﬂ)e[ U V]calc

ol bl Ca] Colp OB SR ] Eo] e B BiabOXHSER oo 15 the ionization

ca] oa] ca) ca) ot obfEarBt LRI L kb b i8] SN L Ol e

]ca]ca above, a value of I, of about 4.5 to about 7.7 eV or even less can further the
ghhh~jj Il rmNoQopoop E (ﬁchf’Qr Sj t uvXvvwww wwwyy| wr mhc”Y] V] ] ] cal cal cal ca) ca) c
a] ca] ca] ca] cajreationadicsipva]iers o] ag eleplaer)sciy @ra]i@a]daamteamrjlceé] cH)ca] ca] ca]

lyy0z6zzzw{ {{].n| | ~\ ~~~~7~~

T ob] ot o) oa] B L BaeE b e a B ot e bATHa ol b SR S S By 2 ca o
a] cal 1ZHWZj ?CGdn be obtained for other doping agents or amc substances, and/or other varlables

gm ({vql gb] X] V] ] ] ca] ca] ca] ca] ca] ca ajJ cal ca ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]s chpssa) o%qcb@m] ) tha] a‘]ez: scra aPPB%(C &Rl e rapph P]d ca] ca] ca
L oa] o e ral ralhrdahEah ARl Salaan Al aALaRkArd Bl Rt higbanbsg) o2l ool ¢
J*o\ Hi (+<~"gJ| g% gg],]é]-]\]e]g},a] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] cal] ca] ca] ca! Jj SC*FIVY"] P?J2~e{vql gb
] X] V]]1]cé@Pca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca] ca] cal] ca] ca] ca] ca]
cal ca]ca]ca] ca]ca]ca] cal.calca]cale,}y!f2

TU6D| wr mhc” Y] V] 111 ga] ca EB%‘&%] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal ca] ca] ca] Cairfg]:ufe?dlc% Qr]tC@ahcﬁa Q@édg‘to manufacture superconducting

3Fu] f {upkfa\WV]]ca cal U ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal] ca] ca
] ca] ca] ca] c<ajpuperpolarons of this mventlomf the 1omzat10n potential permits the ionization of

.sabSW 7 t d
Tea) ool cal ca] PETAtta Eﬁ%rﬁg]%%le@x Reopeas T Ea SR EC ) Ca on) ¢
! qD#Jy ¢l
']a]cg]acg] ca ([?es?cﬁggﬁgg% ?ca c]a%lceg]%}crfaé?lcﬁﬁécla] ca]ﬁ%]a]&?g’]&gja]]q%g@? g@g!*\C?rLICgLr\?v
q] gb]U]X] ] i:] c?] d?s] mhe?lmwm ifmhi:balnldhwa]&za}gzai&cggﬁmlwhbmcb}icza]twa] i:a] i:a] i:
a] caU] ca] ca] ca] cal ca]ca] ca] ca ca ca] cal] ca
"ca] ca] ca] ca] cE]’téﬁJ]‘ga]‘@ eé%]”i?él]%ga APESY g)aiU]; %ic{;lé}a %&‘]‘Xa@d%ﬂ %é?@h ca] ca] ca
ca] cal ca] ca!
]+a| 3/\4 vv]r nh!:"Y] ]]rgc?]p()?]tca ca her T b Ee£ ‘8% eca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]calc
a] calU] ca] ca] ca] ca] ca] ca] ca] ca] calca]calca =cCE@0% u& ()-LI 10% u& () -
910% u&' ()-M10% u& ()- 0 (10%ubu& ()- (10%u& ()-=Nt#2Zvi K-1310% u& () -
10% u& ()-f10% u& ()- @10% u& ()- @10% u& () -
10% u& () - 1710% u& ()-vifG1310% u& (&3% 10% u& ()-#10% u& ()- & ML0% u& () -
"10% u&' () - 10% u& ()- 910% u& ()-@B-1310% u0 10% u& ()-m o0
10%u& () - M -' 10% ug&! ()-+ 10% u& ()- &Y(&10% u& ()-&910% u& ()- ~_@310%3
s10% u& () - 910% u& ()-Msl1l0% u& ()- 10-u 10-u



!

10-u 710% u&' ()-!F610%-uFu& ()- AzY7~_@ 19f &10%uru& ()-* i

9f &109%4.& () - *! TOf &10%uu& ()-*!9f &10% u) u& () -*! 9f &1L0Wa%E& () -*!s10% u& ()-
AJKLM a} oRbRod9® () -s10%& () - 10uu 10uu PCT/US02/02263

10uu! \\ 9f &10%uu& () -*!19f &10%uvu& ()-*!9f &10%&' ()-*ar OEdBoPlF " 10! (-

109 ()-@O0% ()-10%& ()- '10%& ()- 9910%& ()- !'s10%& ()-E7}"?0PlF " @
@O0%&' ()-10% ()- 'as 10%& ()-F!'s 109%& ()-F109%& ()- 3109 ()- 7\9l dEOP1lF "+
109 ()-9*MLOY& ()- &(10%& ()- &&I109& ()- F% 109%&' ()-#f 109%&' ()- VnaBoPlF
TL510%& ()- 34 109%& ()- 9210%&k ()-0910%& ()- 9/10%& ()-'t+

10%&' () -<=>?MO bCF "~ 910%& ()-3! 10%& ()-3 s10%& ()-s10%& ()- 10 10
10L7ml0%& () - >edEbCF °~ "~ 10%& ()-310% ()- -

10%2& () - YaY10% &' ()-s910%& ()-3 glo%e& () -

e*| <J}[ <bC# 10%& ()-!10%z& ()-Gl0%& ()-G 10%& ()-!'S

©10%z& ()-10%& ()-J_57<bC L-10%IJ& ()-m L-10%z& ()-m10%& ()-!9(10%z& (
)-&&10% &' ()- % 10%& ()-3 bCl ss10%& Thble(I910%&' ()-s 10z 10z 10z  610%& () -

4 10%& ()- L2Z710%& ()-!0t <dEbCl yMLOYR' ()-z109%& ()-109R () - o0& () -
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5 Element Li Na K Rb Cs Sr Ba

Ionization
potential (eV) 5.4 5.14 434 4.18 3.89 5.69 5.21

10 Element Al Ga In Ce Pr Nd Pm
Ionization
potential (eV) 5.98 6.0 5.79 5.47 542 5.49 5.55

15 Element Sm Eu Tb Dy Ho Er Lu
ITonization
potential (eV) 5.63 5.66 5.85 5.93 6.02 6.1 5.43

20 In addition to the elements described in Table I above, other inorganic

molecules and radicals can be used. Examples of suitable molecules and radicals

are provided in Table II below.
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Tonization

potential (eV) 5.5+1.0 60:05 52:05 49:+05 5005 572:.06 55+0.1

Radical CaOH CaF CaCl SrO SrOH Sr0 SrF
lonization

10 potential (eV) 59:01 60:05 6.0:0.1 6.1 =05 555:01 48:z05 49
Molecule MoO3 BaO BaOH BaF BaCi Li20 Cs20
or radical
Ionization

15 potential (€V) 6.2+ 1.0 65:03 45:10 49203 50:01 68:02 445:.06

In addition to inorganic molecules and radicals, certain other, more
complex organic molecules and organic/elemental compounds can be useful

dopants. Examples of those materials are provided in Table III below.

20
Table I1I
Organic and Element-Organic Compounds
Molecule N,N,N',N'-Thetramethyl-
25 or radical (CH3)3CH  -n-phenylendiamin (CsHs5) Ni (CgHs)y Cr C(CH3)Fe(CO)y
lonization '
potential (eV)  6.93 = 0.05 6.18 £ 0.03 6.2:01 551005 6.42 + 0.05

The examples of dopants provided in Tables I, II and IIl above are for
30 illustration only. Many other types of dopants can be used and remain within the

scope of this invention.



& () - 44C5555G6a?YNC! | 10%& () - 10%&' () - 10%&' () - g10%& () -
109& ()-110%t & ()- G66<778X8U9} A?YNC! - &109%& ()-s, 109& () -
S*100&' (i 4O0RI4D) - | ! 10%; & ()-nis! 100& ()-mu99: Vi WX: Nchusmzhﬁb(%
$10%& ()-s10%& ()- 10 10 109710%& ()- &5&10%&' ()- F4 10%&' ()-m }:
éLSOd/EgLC!(i 1092& ()- ,10%& ()- :10%& ()-

@& ()-9L10% & ()-! 10%& ()- <\ <<<= ==dEbC! 10% & ()-9 10%& % & ()-
£ 10%& ()- | @0%é& ()-10%& (§ =>>* 2] 2@a?bCl ! ( 182/«&' ()-I%& - 10980
109& () - &MLO%Z & ()- Y96 1092 & () - #
109 &' () - 4&10% & () - ZA* AKAAB[ B\ B] BABAYNC! | 10z 10z
10zL710% & ()-L510%& ()- 4 109%& ()-y2910%& ()- 90
1092 & () - "BBCDEF* GMJI3YNC! ns 10% - & ()-L!s

10%##8&' () - L! XsL! 1GJOaR! & ()-!y sL!10983& ()-!sL!10%
& ()-*q GAl JJ JIJ%}o@ga’"o@I&i‘%ﬁ% 18()3/&'()8 o1 z011)

1011 V(! 10% | & ()Gertas( upBfdhYcting SENCTDIMVBS 0f th@PIFERKKIANGIED P2Y Seib% 10%. ()
- 109%& ()-109& ().- S109&' () cg
L10% () - %ow}saemlﬁzmmwgﬁwm ey certpiny dhermodypais, candjtions.

0/

10958’ % ) i |1$(()/ 7 5“1%4%%“‘%4}‘??9% %g/%?%)g&gn%%g? )@ hodelp PR lctin?g QIYNC!
10 10 109%7 1Q%&m(c)a{ bk QY (W free electrons may exist.
In certain embodiments, it can be desirable to select organic molecules and
dopants in which the organic molecule can accept a dopant electron easily. If the
organic molecule accepts an electron from a dopant, then the tendency for side
reactions that produce uncharged species can be diminished. According to one
10  possible theory, chemical instability of a doping agent can result from the same
valence electron both being potentially available to participate in side reactions as
well a to become a free electron. To diminish the tendency of a dopant to form
uncharged products, one can select a basic organic compound having chemical
structure allowing it to serve as electron acceptor. Organic moieties that more
15 readily accept an electron from a dopant can decrease probability of a side reaction.
Such a shift of electron density from a doping agent to an acceptor does not
necessarily imply the complete ionization of a doping agent. Rather, in some
embodiments, even an incomplete ionization, known herein as a “preliminary” or
“quasi-ionization” can diminish the likelihood of formation of uncharged products

20  of side reactions.
Additionally, in certain embodiments, it can be desirable for the organic
component to provide a sufficiently large preliminary spatial separation of both a
captured electron and a positive charge remaining on a doping agent molecule after
its quasi-ionization. For certain situations, it can be advantageous for the spatial
25 charge separation to occur before the separated charges are stabilized by solvation.
It can be desirable for the interaction between a doping agent and an organic

compound to produce a charge transfer complex which may or may not provide a
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Additionally, the precursor can exist either as a part of macromolecular chemical

5 structure or within a condensed medium as a relatively low molecular weight
compound.

In accordance with the above considerations, for certain embodiments of
this invention, the basic organic compound chosen can contain two different types
of functional groups: electron-acceptor groups having an increased electron affinity

10  (EA) and a separate group having high affinity to an increased density of positive
charge, herein termed a "positive ion affinity group" (“PIA”). For instance, proton-
acceptor groups can be one example of a PIA. If a doping agent D is introduced in
the medium containing both EA and PIA groups, interactions with said doping
agent can transform at least some part of the basic organic molecule into a charge

15  transfer complex as shown by the following relationship:

(EA)*[D - 'PIA]™ where 5 < 1, and where 8 is the valence electron density.

If there is appropriate distance between EA and PIA groups, this type of

charge transfer complex can correspond to the preliminary spatial separation of

20 charges desirable although both positive and negative charges can still be bound
by Coulomb forces. The chemical activity of the doping agent D can drop after the

dopant becomes trapped within the positively charged complex form [ D PIA]*.

In such circumstances, the dopant can lose a part of the valence electron density (8
< 1). In these situations, the probability of side reactions can be decreased if the

25 PIA groups have a positive charge affinity for 8 close to 1. These conditions can
provide a quantitative estimation of the strength of a particular charge transfer

complex.
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OMLOY&' () - S/ "stpéied )soMalihg Jshelts—xari form whlch surround both of the preliminary
separated charges. Solvation processes can be energetically favored and when
present, can result in even stronger charge separation. Solvation processes can be
5 kinetically controlled and can depend on both time and temperature. In especially
desired combinations of dopants and organic molecules, rapid formation of charge
transfer complexes precursor are followed a by relatively slow period of time
during which charge separation results in a gradual formation of stable organicions

and free electrons. According to one possible scheme shown below:

10
EASD%PIA = EA¥+ ¥DPIA + (hw optional) = EA-+e +
‘DPIA

This process possesses a non-zero, positive activation energy and, therefore
can be accelerated by either heating or irradiation of the substance with light quanta
15  within an appropriate wavelength band. Additionally, the reaction can proceed
without either added heat or irradiation by long term annealing at ambient
temperature.
Precursor formation as well as final charge separation can be associated
with some chemical and structural reorganization of molecules. Reorganization
20  can occur when there is sufficient mobility of dipole groups within the medium.
In certain embodiments, it can desirably take place in either liquid or visco-liquid
medium. If the fluidity of the medium is relatively high, both the molecules of the
basic organic material and/or the low weight solvent molecules can act to solvate
ions and free electrons providing an energetically favored state. It can be especially
25 desirable for the molecules to contain groups having a high dipole moment.
‘In certain other situations, PIA groups can be selected that have relatively

low positive charge affinity resulting in 8 << 1, or that provide low spatial charge
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separation due to a small distance between EA and PIA groups. For such PIA
groups, the density of valence electron orbit considered does not "leave" a doping
agent but remains distributed over both the EA group and the rest of the doping
agent molecule joining EA group. This electron can thus create a so-called
“radical-anion + cation” pairing where the directions of spin of non paired
electrons can be equally probable. If two radicals of the same kind meet, they can
recombine and form a new stable chemical bond thereby preventing strong charge
separation. Instead of ionization, the recombination of radicals can result in a non-
charged molecular product having the structure resembling a dipole group as
depicted below:

D6+_(EA)_16-+ lB-_(EA) - D5+ - D6+_(EA) bl 18-_(EA)_ D6+.

For example, organic compounds containing ester (-COQO)- or ketone

(>C=0) groups having significant electron affinity can participate in chemical
reactions with alkali metals in an inert solvent at elevated temperatures
accompanied by the formation of radical-ion products which can become further
transformed into electrically neutral di-ketone structures. Mueller, et al,
Electrochem 45: 380 (1939); Morantz, et al., Trans-Faraday Soc. 51: 1375 (1955),
both references herein incorporated fully herein by reference.

The probability of the formation of radical-anion + cation pair can be

lowered by providing PIA groups in a basic material having an affinity to positive

charge which is sufficiently high. If EA and RIA groups are included in the same

molecule, the introduction of a spacer of an appropriate length can provide
sufficient distance between the charges.

Many precursors suitable for formation of superpolarons of this invention
can simultaneously combine features of both a charge transfer complex and a

radical-anion + cation pair. In situations in which the precursor molecules can tend
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to form radical-anion + cation pairs, it can therefore be desirable to select reaction
conditions in which side reactions are not favored.
One way to address the problem is to take into account that the processes
of recombination of radicals into uncharged species and the final charge separation
5 are, at least in part, kinetically controlled. The relative rates at which the two types
of reactions can occur can depend on the rate constant of the chemical reaction, the
order of the chemical reaction, and the concentrations of participating chemicals.
Final charge separation can be described as a monomolecular decay of the
charge transfer complex precursor as a first order reaction having a rate that is
10  proportional to the precursor concentration of the charge transfer complex. The
decay reaction does not usually require long distance movement of molecular
components, and its rate constant therefore does not usually depend on the
medium's macroscopic viscosity.
In contrast with charge separation reactions, a radical-anion + cation pair
15 recombination typically involves an interaction of two radicals and therefore is a
second order reaction. The rate of a second order chemical reaction can be
proportional to the square of the concentrations of the precursors. At low
concentrations, the mean distance between two radicals may be so high that they
meet each other only after traveling long distances within the medium and
20 therefore, such meetings can be relatively rare and the rate of the resulting reaction
can be relatively show.
Therefore, in situations in which undesirable side reactions can occur, to
produce final charge separation, it can be desirable to select relatively low
concentrations of the reactants, so that the concentrations of anions and cations of

25  the charge transfer complex is relatively low. The concentration of precursors can

be sufficiently low to disfavor radical anion + cation pair recombination yet
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sufficiently high to provide a desirable final concentration of free electrons in the
matrix.
Macroscopic viscosity of the medium can also control the rate of
recombination reactions. Thus, radical anion + cation pair recombination can be
5  disfavored by the use of organic polymer materials having viscosity that is
sufficiently high to decrease the rate of second order reactions to a desired low
level. The dependence of second order reaction rates on viscosity of the medium
can also apply in the case of low molecular weight organic compounds having
viscosity which is much lower than that of macromolecular species. In contrast,
10 the desirable charge separation reaction, being described as a first-order reaction,
is less dependent upon viscosity. Therefore, increasing viscosity can be beneficial
by substantially decreasing the rates of undesirable second order reactions, and only
slightly decreasing the rates of desirable first order reactions.
As described in the examples above, the organic material selected can
15  contain both EA and PIA groups within one molecule. Additionally, desirable
superpolarons of this invention can be obtained for liquid organic media containing
a mixture of two different types of molecules. A first type can contain EA groups
and as second type can contain PIA groups. In these situations, a charge transfer
complex can be formed when the doping agent D interacts with at least one of each
20  of the two types of molecules.
Several chemically distinctive groups may be considered as proper EA and
PIA groups. The first group, of EA groups, for example, can include oxygen- and
halogen-containing moieties like ->C=0, -COOQ, -CHO, >C=S, >CCl, >CF, etc.
The second group, of PIA groups, can include >NH, -NH,, -NHR, -NR,, etc.
25 (where R is an organic radical). These EA and PIA groups can be present ina wide
variety of different aliphatic, aromatic and/or organic-element compounds, canbe -

active participants in electron-chemical processes described above, and can
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simultaneously be used to create a wide variety of organic materials. Suitable
organic materials include those having polymerizable double bonds and/or
functional groups permitting polymerization, polycondensation, or other
polymeranalogous reactions resulting in formation of high molecular weight
5 compounds in which quantum nanowires can be created. In polymer
macromolecules the EA and PIA groups can be inserted in either polymer
backbones or side chains. The EA and PIA groups can be placed either near each
other, or relatively far from each other. Polyesters, polyamides, polyketones as
well as side chain acrylate based polymers, polysiloxanes, and polyvinyl esters can
10 be especially desirable polymer materials to be used for nanowires preparation.
By way of example only, other organic materials suitable for forming
quantum nanowires of this invention are included below. When two functional
groups like -COO and NR, can be present in one molecule, and an alkali metal can
be used as a doping agent. In the examples below, the amino (NR, ) groups can be
15  considered PIA groups, solvent organic compounds having no PIA groups and
containing ester (-COQ)- or ketone (>C=0) groups (EA groups) can also react with
alkali metal dopants. However these species may produce electrically neutral di-
ketone structures through radical-ion formation (see references to E. Mueller et al,
and D. Morantz et al, incorporated herein). In these situations, it can be desirable
20  toprovide PIA amino groups in the same molecule together with EA COQor C=0
groups to decrease the likelihood of formation of radical-anion + cation pairs.
Such a choice of active groups within the same molecule can be desirable because
of the strong interaction of the amino group with a positive charge of an alkali
metal ion, whereas an electron provided by a metal atom can strongly interact with

25  carbonyl oxygen atoms to form a charge transfer complex that is then followed by

the charge separation and free electrons formation.
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In certain embodiments of this invention, quantum nanowires can be made
using organic macromolecules. These products can have viscosities sufficiently
high to make structures made with them stable. Depending on the size of the
macromolecules, the viscosity and other properties can be selected to provide
desired physical and chemical properties. By using higher molecular weight
molecules, the viscosities can be higher than that viscosities of polymer materials
made using either lower molecular weight macromolecules or small organic

monomers.

EXAMPLES
In the examples that follow, the organic molecules by themselves are not
highly conductive. Rather, the low and high molecular weight molecules remain
in an insulating state. Instead, electron threads formed within such organic

medium can be superconducting.

Example No 1: Superconducting Nanowires in High Viscosity
Poly(Dimethyl-Amino-Ethyl-Methacrylate)

To form a high viscosity medium containing superconducting
nanostructures made in poly(dimethyl-amino-ethyl-methacrylate), the following
series of steps were carried out. Each step comprises individual sub-steps as

indicated.
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Step 1:Forming a Liquid Medium Comprising a Macromolecular
Substance and a Dopant

(a) A two gram sample of poly(dimethyl-amino-ethyl-methacrylate)

5  having a mean molecular weight of 100,000 atomic mass units (amu) was
dissolved in 8 grams of the toluene to create a solution having about 20 weight %
polymer. This solution was transparent and had no color. Toluene has very little,

if any, polarity. The polymer has both amino groups and ester groups each having

high dipole moments. One drop of this solution was taken to analyze its magnetic

10  properties.

(b) A small open flask containing the solution formed in step (a) was
heated to a temperature of 65-70°C for 15 min. During this step, the air was
substantially removed from the atmosphere and was replaced by toluene , and
traces of molecular water and oxygen were removed from the solution.

15 (c) A small piece (about 0.04 gram) of metallic potassium was placed
into the solution in the flask. Because the melting point of potassium is 63°C, the
metal melted. As the potassium melted, it became distributed in the solution, so
that after approximately 30 min., the melted potassium formed a homogeneous,
transparent liquid medium having a faint red-brown color. The color developed as

20  the interaction between the potassium and dissolved polymer formed a prior
potassium-polymer charge transfer complex. The process was complete after 30

min. One drop of this medium was taken to analyze its magnetic properties.

Step 2:Generating Macromolecular Ions and Free Electrons
25 This step was carried out to induce a more complete charge transfer reaction
between the macromolecular substance and the doping agent in the presence of
chemical groups having high dipole moments to generate macromolecular ions and

free electrons.
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(d)  Approximately 0.5 gram of the medium prepared in step (c) was
then taken from the flask and was mixed with 0.025-0.05 gram of acetone on the
surface of a flat piece of glass. This was done in to increase both the strength and
the concentration of the easily moving polar chemical groups in the medium. The
area occupied by this liquid drop finally obtained on the glass was roughly 5 cm?,
so that mean thickness of liquid medium layer was about 1 mm. This layer was
sufficiently thin to be transparent for visible and near UV-light. Another drop of
the medium was taken to analyze its magnetic properties before illumination.

(e) The liquid layer formed in step (d) was irradiated for 10-15 min
using non-filtered light from a high powered mercury lamp having an electric
power of 100-120 Watts, and a bulb length of 3-4 cm. The lamp produced a broad
spectrum of electromagnetic radiation, and the distance between the bulb and the
surface of the liquid layer was approximately 10 cm.

Due to the high power of the lamp, the temperature of the sample increased
slightly. The estimated temperature during exposure to radiation was about 40°C
. After illumination the medium became a little bit more viscous than it was
before.

After step 2 was complete, the remaining medium became a pale weak
yellow color showing that a more complete charge transfer reaction was induced
during this step 2 in the medium in the presence of chemical groups having high
dipole moment, and stable positive macromolecular ions (“macroions™) and free

electrons had been formed.

Step 3: Forming Quantum Nanowires
This step was carried out to permit the medium to form a phase in which
the content of macromolecular substance exceeds 5 weight % to allow said free

electrons to form said quantum nanowires.
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H After the irradiation was completed, five samples of visco-liquid
medium were prepared to measure their magnetic properties. Each sample was the
drop of the medium taken from the glass surface with the help of glass knife and
placed into a small basket made of copper foil. Magnetic properties of all baskets

5  were previously measured to be sure they did not contain magnetic contaminants
by placing them into a magnetometer.. Any baskets having contaminants were
discarded.

Initial masses of the samples varied within the range 0.025-0.05 gram and
the mass of the samples changed gradually with time due to slow evaporation of

10  low molecular weight solvents. The preparation of samples and their careful
weighting took approximately 40 min. Room temperature magnetic measurements
of each sample were within the range 0.01-6.8 KGauss, and took about 25-30 min.

(& The intermediate samples taken in the end of points (a), (c) and (d)
exhibited normal low diamagnetic responses consistent with the known magnetic

15  properties of the components. Therefore, all ofthe chemicals used have contributed
no magnetic contaminations into the medium.

All five final samples measured in the end of point f) showed strong
ferromagnetic responses. The ferromagnetic responses correspond to collectivized
electron spin concentrations (i.e., free electron concentrations) within the range of

20 1.3 x10!8 per gram, or approximately 1.3 x1018 em3 calculated assuming the
density of the medium was about 1 gram x cm3. The unusually high free electron
density is a characteristic signature of quantum nanowires. The presence of such
high electron densities proves their formation in the medium while point f) of
step 3.

25 (h) The next day, measurements of the same samples were made, and

we found a slight increase of ferromagnetic signals of on average 10-15 %, due to

continued evaporation of solvents from the visco-liquid medium. The increase in
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spins related to the mass (or volume) of more than 40 %.

The final material was a viscous liquid, with no phase separation in the

medium, and thus had no Young’s modulus. Moreover, this material contains
5  stable quantum nanowires and a macromolecular substance concentration of at
least 30-35 weight %.

In the further descriptions that follow, we will provide descriptions of other
embodiments of this invention. However, details are provided only if they are
significantly different from those described above.

10

Example No: 2: Superconducting Nanowires in Low Viscosity
Poly(N, N-dimethylaminoethylmethacrylate)

In other embodiments, the polymer matrix is otherwise the same as for

Example No: 1, with the only difference being the initial amount of a toluene. In
15 this Example, the amount of toluene was 48 grams and the initial concentration of
the polymer in the solution is about 2 weight % .

Analysis of final samples (Step 3, g) showed the ferromagnetic signature
characteristic of quantum nanowires. Nanowires providing the characteristic
ferromagnetic properties appeared as solvent was permitted to évaporate and the

20  concentration of macromolecules in the medium exceeded 5-6 weight %. As with
Example No: 1, Example No: 2 was a liquid, and therefore, had no Young’s
modulus.

Examples Nos: 1 and 2 are liquids, in spite of the differences in the initial
amount of organic solvent (toluene) used. Therefore, it is apparent that products

25  made in similar ways, but using amounts of solvent intermediate between that used

for Examples Nos: 1 and 2 will also be liquids.
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Example No: 3: Superconducting Nanowires in Liquid Crystal S
Polymers

In Example No: 3, a co-polymer is used combining links of
5 dimethylaminoethyl-methacrylate (or dimethylaminoethyl-acrylate) and the

mesogenic groups (x) shown below.

R

| |
— CHz-c]__[CHz-cJ_ where R, R' = H,CH,4
| X ’ l m v
0-? 0-? Y=O;(l3=O;C=O;-CO-NH-
]
0
? i k=23 (.)
(CHy) (CHy)

' N z=-;C=0;,C=0
CH, CHy 0
|

M=OCH OC?_HS, F: CN; NOZ; NHZ; N(CH3)2

Y
!
Z
M |
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In specific embodiments, we selected from the above general formula 4

specific species as follows:

TABLE IV
Organic Molecules for Superconducting Superpolarons for Embodiments

1-4

Substituent Embodiment! Embodiment2 Embodiment3 . Embodiment 4

n 4 5 8 6
k 2 2 2 3
R H H H H
R’ CH, H CH, H
CN OCH; CN CH,
Z absent 0-C=0 absent absent
Y O 0-C=0 o) - 0-C=0

The chemical structure of the mesogenic groups may vary depending on the
choice of index n and substitutes Y, Z and M. Such groups included in polymer
chain are known to form a polymer liquid crystal structure. The same ability is
conserved in co-polymers if concentration of mesogenic groups expressed by the
ratio Q = x : (x + m) is sufficiently high.

In Example No: 3, the co-polymers are treated in the same way as for
Examples Nos: 1 and 2, to form quantum nanowires over a wide range of
concentrations (“Q") of mesogenic groups of from 0.01 to about 1 . Within the
range of concentrations Q > 25 %, the final material analyzed near room
temperature is found to combine stable nanowires with the polymer liquid crystal

state occupying more than 85-90% of the volume of the material if, after partial
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evaporation of the solvent, the content of macromolecular substance exceeds 50

weight %.

Example No: 4: Superconducting Nanowires in Other
5 Copolymerized Polymers

In Example No: 4, the co-polymer used comprises links of
dimethylaminoethyl-methacrylate (or dimethylaminoethyl-acrylate) and links of
hexylacrylate. The formation of nanowires takes place even if the content of
hexylacrylate links exceeds 80 %.

10 The material obtained in Example No: 4 differs from previous ones in two
respects: a) it is amorphous, and b) At Q > 80 % it has a glass transition
temperature below room temperature. Therefore, atroom temperature itis aliquid,
not a solid, and therefore has no Young’s modulus.

A feature of the manufacture of certain quantum nanowires made at low

15  concentrations (< 5 weight % ) of macromolecular substances in solution can be
that the concentration of free electrons generated may not enough to form numbers
of quantum nanowires sufficient to be detected with a magnetometer.

Therefore, at least one of the following methods can be used to increase the
concentration of free electrons. First, the evaporation of excess of the solvent can

20  be carried out as it is for making superconducting elements as described in
Examples Nos: 1-4. Second, the solubility of the macromolecular substance can
be decreased by adding a sedimentation agent of the polymer molecules. The
chemical nature of such sedimenting agents varies from one case to another one
and should be individually chosen in accordance with particular chemical structure

25  ofthe polymerused. In general, relatively poor solvents can be used. For instance,
instead of toluene, an alcohol such as methanol can be suitable for sedimentation

of poly(acrylate)-based polymers and co-polymers.
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Because sedimentation occurs in the solution, a precipitate containing

macroions and free electrons is on the bottom of the flask and forms a separate sub-

phase in which quantum nanowires appear. An amount of nanowires detectable

using .mangetometry can be obtained when the concentration of the
5 macromolecular substance in the sub-phase exceeds about 5 weight %.

In additional products, sodium metal can be used as a dopant instead of
potassium. The only difference in the methods of manufacturing quantum
nanowires is that Step 1, point ¢) should be carried out at a temperature above
100°C, because sodium melts at 97.8°C.

10
D. Quantum Nanowires Made With Low Molecular Weight
Organic lons
In the materials described below, the methods of manufacture are
15 substantially similar to thosé described in Examples 1-4. Therefore, in the
descriptions that follow, only those details which are different are described. The
absence of specific information to the contrary means that the corresponding steps
are the same as for Examples 1 - 4.
In general, to manufacture quantum nanowires described in Examples 5 -
20 7, a medium is formed in accordance with Step 1 above, and is doped with an
alkali metal in accordanc®ith Step 1 (c), and treated according to Step 2, but does
not contain macromolecular substances during the steps of forming free electrons.

Macromolecular substances are formed after Step 3.

25 Examples Nos: 5-7
The descriptions of these three types of embodiments and methods are
provided together because the only differences between them are that different

organic monomers are used as starting materials to form a liquid medium.
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Step 2 is carried out as for Examples Nos 1-4. Step 2 induced a more

complete charge transfer reaction in the medium between the organic monomers
15  having chemical groups with high dipole moment and the dopant, which gencrated
low molecular weight organic ions and free electrons.

(c) Monomers Nos 1, 2 and 3 contained polar groups in their chemical
structure shown above. The polar groups are ester, keto and amino groups in
monomer No: 1, ester and amino groups in monomer No: 2, and an ester group in

20  monomer No: 3. Because of the keto group in monomer No. 1, it was unnecessary
to add acetone to this mixture Small amounts (about 0.1 weight %) of acetone
were added to solutions Nos: 2 and 3.

(d) While stirring, the solutions were irradiated by a mercury lamp

directly in glass flasks. The flasks served as an optic filter which removed the far
25 UV part of the radiation spectrum and prevented premature polymerization. All
other conditions of the illumination were the same as in the Examples Nos: 1-4 :

above.
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(¢)  The solutions were transferred from glass flasks to quartz flasks
because quartz is transparent to the UV radiation used to initiate bulk
polymerization. Before adding the solutions to the flasks, the flasks were heated
for 15 min. to evaporate small amount of toluene and to remove any traces of air

15  and/or water.

THumination of the solutions with electromagnetic radiation was carried out,
with stirring, as before using the same mercury lamp. The polymerization process
took 15-18 hours to produce apparent increases of the viscosities of the solutions.
The resulting visco-liquid media contained solvent, traces of non polymerized low

20  molecular weight components and macromolecular substances, including ionized
units originating from low molecular weight ions generated while Step 2.

Because of the requirement of overall electric neutrality in solution, the free
electrons were present as solvated by the macromolecular substances.

) Magnetic measurements were carried out of samples of viscous

25 phases collected from each step for all three materials described in Examples 5-7.
Ferromagnetic signatures characteristic of quantum nanowires were found in the

polymer medium made of monomer No: 1 when the starting content of monomer
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was greater than 5 weight %. The samples of polymer medium made of monomer
No: 2 showed similar characteristics of quantum nanowires after the solvent was
allowed to evaporate significantly and after the content of macromolecular
substance became greater than 6-8 weight %. In both cases the average
5 concentration of collectivized electron spins (i.e., free electrons) was between 1-2
x 1018 cm™3 even before complete evaporation of the solvent. In the case of
samples made of monomer No: 3, the characteristic signature of quantum
nanowires appeared only after the content of macromolecular substance in analyzed
medium exceeded 40 weight %. That result correlates with decreased ability of
10  monomer No; 3 to dissolve the sodium dopant during step 1.

The corresponding final amorphous polymers for materials Nos 5, 6 and 7
have different glass transitions temperatures wherein Tg! > Tg? > Tg®. Each of
these products was a viscous liquid, and therefore had no Young’s modulus.

It can be appreciated that the descriptions of specific embodiments provided

15  herein are for purposes of illustration only. Using the teachings of the present
invention, other embodiments are possible and can be readily manufactured, and
remain within the scope of this invention. Additionally, proposed mechanisms of
action and theories of operability are not intended to be limiting. Rather, it is
possible that other mechanisms and theories may explain the operability of this

20 invention, and those mechanisms and theories are also included within the scope

of this invention. All references cited herein are incorporated fully by reference.

INDUSTRIAL APPLICABILITY
Quantum nanowires of this invention have wide applicability in the fields
25 of electronics, semiconductor manufacture, biosensors, switches, motors and other

devices for which small size and low power consumption are desirable features.
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(b) a source of dipoles;
(c) a dopant; and

(d) at least one free electron.

10 2. A composition having at least one quantum nanowire, said quantum
nanowire comprising:
(a) a macrorﬂolecular matrix comprising dipoles;
(b) a dopant; and
(©) at least one free electron.

15

3. The composition of claim 1, wherein at least a portion of said

composition comprises at least one ion and at least one solvated free electron.

4. The composition of claim 1, wherein said quantum nanowire has a

20 current carrying capacity greater than about 10" A/cm’.

5. A method for producing a quantum nanowire in a medium, comprising
the steps of:
(a) forming a viscous medium comprising a macromolecular
25 substance comprising dipoles,

(b) adding a dopant;
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(b) adding a source of dipoles to said medium;
(c) adding a dopant to said medium;
(d)  permitting a charge transfer reaction to occur producing at least
15 one ion and at least one free electron in said medium; and

(e) permitting said medium said quantum nanowire in said matrix.

7. The method of claim 6, wherein said charge transfer reaction occurs

between said source of dipoles and said dopant.

20
8. The method of claim 5, additionally comprising the step of permitting
said medium to solidify.
9. A method for producing a quantum nanowire, comprising the steps of:
25 (a) forming a viscous medium comprising a low molecular weight
substance;

(b) adding a dopant;
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10.  The method of claim 9 further comprising the step of adding a source of

dipoles.
10
11.  The method of claim 9, wherein the weight percent of said low
molecular substance in said medium is about 5% or greater.
12. A material comprising:
15 (a) an insulating matrix; and

(b) a plurality of quantum nanowires therein having a current

carrying capacity greater than about 10" A/cm?,

13.  The material of claim 12, wherein said current carrying capacity is
20  greater than about 107 A/em? in a temperature range of from about 0 Kelvins to

the decomposition temperature of said matrix.

14.  The method of claim 9, wherein in said step (d), the current carrying
capacity is greater than about 107 A/em?,

25



