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HI GH DENSI TY NANOW RE ARRAYS I N A GLASSY MATRI X5 AND

METHODS FOR DRAW NG THE SAME FI ELD OF THE | NVENTI ON
wab@7present i nvention is directed to hi gh denBCT/¥S2006/046500

nanowi re arrays in a glassy matrix, and nethods for

drawi ng the sane. BACKGROUND OF THE | NVENTI ON

Thernoel ectric materials generate electricity when

subj eciyRsk NS RE NRY ' R 20 tdﬂ

gr adi ent when e% ectri cogglﬁir%en I'S g&%%‘ﬁ?%ﬁ gt%#r

Sci enti sts haANDORETHODSHOR O MAWIRES THRS AVl :

thernoel ectricity f decades. becay practi cal

t hernoel ectricity c D YELEE INVENTION oh) ace

fl uorocarbons used in existing cooling systens such as

r ef r i gditgtrosssntimatertion isalicicted 0o igh deanity H@)owiedlaesys in a glassy

. 1 8Skons._during thermal power generation by
matn)g%%\%n?‘lﬂ“ﬁdgfgg%wﬁg% f the waste heat into

el ectricity. However, the prom se of practi cal

t her moel ectri ci BAGKSGROUNEOFUEED INWENTION. One

problemis that, because of its |low efficiency, the

i ndust r .q_i rnoel.ectrjc.technol canno .
o 1 uncieShARARE et I LRAE Elecls o G bReHE i ddhermal gradicnt
and pxodoté mthepmaldgradisniowters yistteirkeurBi i phavemtila 2C8Eibtists bave

Lces such as. thernoel.ectric_genperators (TEG,. o
veen RSB e R PIBSUBGEAS s bbbt hemocictct
couldhesdr aplamis) repiacel ladrdearbohb @seli inesistiag Ry ehS: Hstdhs ARAs refrigerators
and ai ntoiﬁl ectri ﬁ'%)gr or }flor the direct conversion of )

& Fediionsypnd (eredrcg harppfylsraissiops,durgts therrasl pwer generation by

conveetiiy @YnCAMES: Dif e RRé BEatGRRf AL GHGRE BlowRSES OF :
ese bugk formt hernoel ectric deviB{:es are dBRfisl practical

t
the“negﬁ%tﬂa’é}‘ #1 3Ptvshkren Mk 1adn Sre mrpblenizahati beranse of its low efficiency,
the inderly[Bt0:aaid il Gh&ndeRiclidtebRR10 S8 'rﬁx%is?@ﬁﬂx stionally integrated into

t a CKS

apor - conpressji on systens. Inview o ese
everydaycheptiae @%Ch%qngmm%\eqﬁ andssystemshe t echnol ogy, bul k
for m t PRNORAIARLM Se1 gt Laed Jnmenpse
popul arity. Early ther rmgﬁég%?s?ﬁghFgghgfa'%é%se&\?&ggnemgm (TEG),
thermeelegirie rrfeigenetors (THER Mitd yermeel agitia hsatqunglslasy sseclabatheatirect

' | . b d . to a,
coneBleEOTHELG BB o Lo SR S8 However,

* the efficiencyi of epargyicodversionsmdidreopfiietdnit ofiperfdt@ia@by of these bulk form

' orti.on of the heat, intg electrigity. .
e GIENAE 0 8 P8 0 05 BB R et dirocatin o oty
heat epgines aiel \gapeatzcsrnpmed;ibagyﬁeme.onngietvﬁﬁ thétg RiedvibdcRk ah@the general
or _both. Nbdern

. OV I hcrease ur.rent, / . .
lmma@h&’?g%gf é"’@ﬁ?‘i’e‘é?g&g%?glf Lorgt ﬁleeaﬁelﬁﬁers dagcrifavedips attained immense
populgritpcti ons in series, resulting in higher voltages.

Such thernpel ectric. generators can be manufactured in
modul a a"flgBWSelﬁ?tﬁ'\‘igﬂ%Ct’f%‘F N fshiered banve diffegent getals or alloys

capablend perineinghesnddIDelittern@ ivi@anrapRbRd t& NSk %H'Adx]eﬁtz 1A differential voltage

i Tﬁﬁo% Johann Seebeck discovered the firs .
1s creafqd 4s ical is cprried agrasg él%e’ Junction, thereby converting a portion of the heat into

electricity. Several junctions can be connected in series to provide greater voltages, connected in
parallel to provide increased current, or both. Modern thermoelectric generat.ors can include
numerous junctions in series, resulting in higher voltages. Such thermoelectric generators can be
manufactured in modular form to provide for parallel connectivity to increase the amount of

generated current.
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referred to as the Seebeck effect. Seebeck discovered

that a conpass needle is defl ected when placed near a
w@b@sem2boop nade of two dissimlar netals, WheOT/OR®0€646500

the two junctions is kept at a higher tenperature than

the other. This established that a voltage difference

is generated when there is a tenperature difference

bet ween..t rein th

di ffer gncllgﬁlls epeggg%%pg%ebyhgdlﬁg U7 e g’feqlfrﬁtet%ﬁ’é?%ﬁ]%ctm effect,

referrgdhtcdstbd Seéﬂ‘ﬁ&k‘cﬂhttageedeok didBYergé et atceﬂlpﬁﬁ nRGle is deflected when

pisced B8 PntiTgos Bt SO RN SRR € BTG i anssot by snctions i kept a

a hlg}&ﬂc&ﬁ:}teraﬂﬁm % dther. PRliS basiblahte elat a RBlth 3Ll ffePiHl is generated when
at a junction of

that te re cr%r%g(es Qccur
there 4 & SITReT %FF%C REY Eie e Jan@zﬂnm whreinthe wattagesdifference is
deperﬁ@ﬂ@&dth’é@naﬁir@ﬂf themeual ithvdd Gk 'v%ﬁ g A %}Ml‘? %énterbﬁéd per oC thermal

absorbed or released at a junction
gradiet ilRqvghasecbpek eaeffieipmt- f ow. Sir W Iiam Thonson,

later knqwss gy rd‘f’sc%%r\ép%e gécaﬁ(?)flﬁeo [l eiBotidl e fzt known as the Peltier

thernoel ectric effect called t nmson effeéec
effect; delites founyl thhtctempenatuyrg changes okccurgt afjma:tls»nmg‘ ldéssimilar metals, whenever

an ele@%ﬁ&ﬂ?&lﬂ% &a%%f{é &9@%%65@%1 uné{Ct oé—leeag{ aegﬁteg %l%std)gbe% or released at

tenperature gra VinTs
a junctionrdependang om the(ditvetitie bf the quedeat ﬂows) correlating the

Seebec tier, and T on coef In 191 1
Alteri El? g\)ﬁihsaﬁngg}é SHEg: U%QF THe? ‘i’rﬁﬁ%Ylé‘s digpovered a third
thermbhlectmx@lfkct called the Tlomédice ot 60liick a81xes 6 B h@ﬁtlrt}ge@t coolmg ofa

i.nto electricit or. vice,versa,. He created a theo

single oo BECh RynE Brop R SO BIEHER 4t A oTTReraTED SR Lord
Kelvmhﬁ;be:lstrabllé‘er%@ﬁQﬁthl@&G(ﬁ:ﬁé KERM ref 426 NBRRAMARING B Seebeck, Peltier and

requir to be_as hi possi bl e for best
Thomson F%‘ifﬁﬁlﬁetﬁ Il %g%lrah seegestedivemg thapringipkes of thermoelectricity
for the iR&dtIcofPdrsieA Y HQ&t'll‘{ﬂote‘l’ecﬁﬁcﬂe 0B Fidaivahy aaﬁ-leo&éétég’ |a‘%heory of
coupled with a mnimal thermal conductivit

‘hemﬂPlF%tﬁlﬁ}tV &9F ROSteAIBFRIRen andeoaling wherein thetSsebakesoeffisient (thermo-
powert) WSW@@Q%&O ®R1AY BigH é%rboggltni( f Bg‘éf.ﬁgltff)ﬂx{l%%%e @ I’theory L&D required

he named the power factor
that theeglpcieal P@@d‘lﬁlvtth éo beambigbres ppriige; @t@%ddpmthvh enieinfalitbermal
conduchGitpeebeck coefficient or therno-power, s is the
el ectrical conductivity and p (1/ ) is the electrical
resi st iAtenjrircinestehlished h critsgiontie deteyminedhe dieaﬁbpcb\k/etsdbnversmn

efﬁc1éntag roﬁge et{::x?zgi ‘é’éfc§%ﬁﬁleahlg§ tgé Bo\{vexh%é%ﬁ &I\{g&hrgﬁa Fﬂlﬁéﬁ i rgﬂ§sented by the

equatigf: Rf'fé‘z W@qwacnemmmse@eme noeffiedntombashe@pb@ss oy the electrical

condu\%ﬁbﬁ%%«{é '@%g%lgdgéé Er:%cgteca b%glls%\tn%b Agﬁgﬁﬂrc L{’EréaesctB?f&B}fﬁeéioto establish the

equatisuc =Stk 5fep wnmswmfeen;z it hertheelREdiEf %\hrﬁldff@h&ft having the
ows_ t hat

ct.or aI s 2% .t fol
dimen b bERT, e BhEin SR en0GFa St trbion b rm e bpliens &by the absolute
tempetdterep Byverwiialc t}mrmmﬁtﬂntbdﬁ@fdr I3C p @A8 RArexSondM6Md @Sch that the

e Rk RSB EPAUC VLN, P O B et
improf@thes pedformaikieCilaqernt celddhgE BBRONRIe JoWY 8cPdQMould be increased as
much g; {)(I)s%b?e, \Xhereas k (thermal conductivity) should be decreased as much as possible.
The ZT factor of a material indicates its thermopower conversion efficiency.
Forty years ago, the best ZT factor in existence was about 0.6. After four decades of research,

commercially available systems are still limited to ZT values that barely approach 1. Itis widely
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Forty years ago, the best ZT factor in existence was
about 0.6. After four decades of research,
waeeommreedal | y avail abl e systens are still |im perUsmO&T46500
val ues that barely approach 1. It is w delyrecognized
that a ZT factor greater than 1 woul d open the door
for thernoel ectric power generation to begin
i [ ISt - {] L es,.
Fe B e B o Rl P o Gl P oo Ao pover
generginneto begieswplantipg gsistiogpowhe gereedtiogt tetlmol @giéy) alad@vnal home
- M . f f,even 2.0 or nore Wl likely |ead .
refiglelopy i ok Rtnels, Qg FOFE Bt gaariie] bimmreirgt tesgnotoay with a 2T
factoraxiervemd |0 argnenesridliikelyt lad k@theqirodtgion @i ndxid @Ekeration of heating and

. ex] a; need f nmet hod faor, produci ng practical . )
coolifySyStelst I TiE o The Rreo s st Rkre G aRhpf Soramegeping practica
thermd@dleétaictteshnofoggrtbatnihidves &1 indEased S0/thdlossBdrund 2.0 or more.

thernng%&gtrlc cool ers and fhernpelectric generators

in nan At fermggleetriccoalery W%@éﬁn%ﬂmc gendsetors in nano-
struct@r@P BN €re@éntBBRNGRIWh RS bERSH B b &h@ﬁéé&h%?ec‘é%@f, rformance over

that of corresponding thernoelectric devices in bu K
that of eprpgsppadipg thesmeslegivsieyicenirslulk Horm.widnas beert démonstrated that when

. ' 1GL s i skch_ as.. e, Bi ..
o 1AL S AELMS (TSRS, BRYST R e B e o
the nagempeter seale (tynicelly abenitd- W0ID0), g ZTtfagoZhcfasdsalramatically. This
. ' Wer-1HRYA hS.jncrease in.ZT h rai sed. :
T L T AT —
thermeelgeftiogieneratoraand callers frefmgeehtors]r Aovagetyasfairomsiddbproaches such as

transpggga%lg %ﬁﬂhﬁ%&{tgﬁ rngrtl(?v[’lsr%,?saﬁ@rqz{laargh%tl §8ﬁ(§) ; ke éﬁg{f cl)tjl’] tﬁermal conductivity in

~app ches such as tra

the dirggiiompenpsnding artoantperiatt o¢ plane€dnd bbﬁigli@ftiloh € Ed¥Bdry or quaternary
ctivity in.the direction perpendicular to

chalocEREAE hn Mot e BV AR Y e HEStal FeremOY: lopieiry thgme approaches are
cost-peplabieive ahy nedglof dgemnhdaalsaatn s haidthRa if 3¥Rifaa amounts.

i nvestigated recently. However, these approaches are

cost - prohi bi.tive d ny of the terials _cannot be

manuf actired ﬁo g@&f?f‘ﬂ? 8§ﬂ¥“&?&ﬁ5ﬁ¥ ctwegR difffrentiigrmgyis one of the
most reédgnizabid syminde uemvaaagrigxcﬂaﬁ&a\aﬁneﬂgiﬁé‘eﬁhg.n CohP&f®nio? thermal

vances in

one .of .the nost recogni zabl e synbols of a
e“erg%gﬁ %ﬁ%caﬁmwasg% 'ﬁ?@i?ﬁ??@ﬁc Hohe ehgRY Seenom Y eYhras evananagginal
improteémelte i éfficiincp Qe tottvirdiBendl d dREK h¥e &ldemBRSIPYact on monetary
wher e gven,nar i nal inmprovenments in

.__econony, VE
savingSy GRS S SHYSPRP S a5 S ERAT beglectEmppbonical energy
convelsigaaleds A fhd Rt G iabAVbAGs mAMeidY 1f SRS YESe cHffhui g quest for
.. environnental effects. Simlarly, el ect romechani cal
mlmaté‘ﬁé?t_{iﬁp %%%’foélﬂ OHIHEY n&fmf‘lcﬁk?_ dezges cot plRaryrolridenergy conversion
and al §6HthB &velbPn¥hiQW c8blid @@cﬁﬂ'ﬁ& ENHF BrGUES o0 Eircuiﬁrg where a large

m niaturization of electronic circuitry, nanosca
amoury of heatds geperafedy Agcordingly. theraexips cuseddos i broad sgeaiuso of high

' ' . of . . . .
P Bt oL e gL SRS, Bead o opigpe! inorganic
nanosfructyrep 6F BivayvirgSccor di ngl y, there exists a need for a

broad spectrum of hi gh performance energy conversion

and thernoel ectric devices, based on one-di nensi ona

i norgani ¢ nanost rgiGiMi SR YOOFPAIRWR AN TIRHVMMARY OF THE

I NVENTI ON The present 1nvention pertai 0

nanost&ﬂctures.fornpd fromfibers of
€ present mvention pertains to nanostructures formed from fibers of

thermoelectrically active materials that are substantially one-dimensional, having a diameter that

is significantly smaller than their length. The fibers from which these nanostructures are
-3-
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thernoelectrically active materials that are
substanti ally one-di nensi onal, having a di aneter that
wo go0giogned i cantly smaller than their | ength. TheT/iU51pe6/646500
from whi ch these nanostructures areconposed have a
di aneter of approximtely 200 nmor |ess. The
i nventive nanostructures described herein are referred

compb@d&ﬁye E R %appr@ﬂﬁiaﬁﬁy ZO@WCSS The mventWe nanostructures
er postruct ur es’ or COTTpOSI tes" that contaln a

des"r’BF‘S iﬂ%llef“t gre selepnd 19 pive RRGQVIESS”f 9ablass. “antays’s ébttes)structures" or

ater @bl SorkATRIISE! | i
com%i(':st LT R SorA) }i i %f} cglgi}m%gtﬁgﬁlﬁgfﬂwf ﬁf%]&ib‘f rgferably comprise
at leag gne M@émpﬁkﬁamqaﬂg @Pfanvmatrennl ariden gllasﬁ)meﬂeaal, mibget ziqts as an electncal

TR e B 0081 ) B

na@qi@nnc Ufa‘utrM”i nvention, the thernoelectric nmaterial
conpr i ses a ncentra ,on .g.,..106-1010/ cnR)
of nand*® Przdé?ig vﬂq ?réog E R ﬂﬁeﬁn‘ge’%%ﬁ the| tRergroglegtric material

compﬁmsmlﬁl@ea:oﬁaéﬂt&nowe ge10°%-10%/chite oAl RGEEd FildBERblded in a suitable
s inth for | ass-cl ad nanowi res corrpnsm&s nd
S-Cla

glass 1orming 3 £3P1orWhist 8‘ grisstorimppdakin i thefoenaf 0w
nano%ﬁdsgﬁnﬂirﬁh%rﬁiﬁﬁlréﬂtf’ 08 oA 8inh &3 Bberk li’t?at CRRAE oYL 1'&%étd1 stances

in contact with other fibers.
alongttlff'el,eﬁg@oéélgq Fabie Pythawt Gopringin eeritagt Wﬂﬂyoﬂ‘l@n‘ﬁbme The thermoelectncally

activeSHattAR rﬁa)ng&ﬁ{ms@zlz Lﬂ%b%m?ﬁfnaﬁgg dy gér?{cog&%c érl A at’en%\l‘lj] w%lch maintains

maintains the integrity o nterftac
the integetyrpfche inteifecerhatep¢rathe ahﬂn‘nlohbcg'lcasatpnarhar@ﬂla lglassy material without
L di ffusion of
wny TG PRSI ARG AR SRR o Bl le atcidls Cher
as pect Agfcotdueg tma/ﬁntheoaspeat ¢ifthe &B&nflﬁii A protése bt ABricating cables

: St epsin ul ati on of
mc}ud%%gircr?r%g gct%‘r Pcp?la &t s “ﬁ%eﬁ%(’?’f‘g%ﬁe?é@f’&?fﬁ than }0yem” of the cross-
sectiog pOesable. diaohfcabhendaﬂ)és&n dragtofoedtr€hdvigs HARSiB\lion of diameters,

fibe adstr buti on of dianeters,
Wher%%‘?&.aﬂ %%%‘??rdﬁ%?fgs ey PErdugrd RECEPlpYS Betomsifdcdsaw-towers,
whichliye eshyilNgmplelyedal @@ fheAWhili OWRIuSry YW di Bw oo R ITBILLY
enployed in the fjber- opt| C industry for draw ng
optica® ?regeéTeéi cahlepraduied dy aﬁ%ﬂ@cﬁr"b‘&@@dﬂfﬁlples of the present
invent®&CHHeERINIQ cm-rl?)lihsém 184st Bi%d BbRSoQEct iR %Rt 8368 ded in an electrically

i.nvention preferably conprises at |east one
insulating pifsaiaboyisreinsthe Sermpplseftie anaterialexbibitstquantati gonfinement. The

prefertdaddbR! do%rﬁ%g g;pﬂlﬂ'lahtymb%fsrk %ﬁ St t{'l%rg? 1@&}1«[551 al Eonnectivity between

material exhib uant um conf | nenen
the endypf 4l e fihers eéltamptlmlm therg ip¢lefirival @rmeaithymwemome but not alt
£ thel ookl BihElcoRY i UnBlibes?
o ers of Alct b ren g?;;%&fl’%ts cYadE}ﬁlgbfgl t qut: tprrlegeégb‘cly compnses an electncally
1nsula@®ﬁ@t€{1’ia{/ puah dsarwners rbos:adeate kn]llmnmislla:late qﬁartzt trea fladdHaSing lead
T. for

d .
oxide g%lle aﬁ ¥y %eo%cfpsﬁlslgclsn % ﬁxfé‘i F F%é r:?/nsttlﬁ% H‘ l}f:gthermoe]ectrxc material
may bﬁah@e\en diong thehgrasp pynsistingtodaaséthl atsemlfmhelm mosildy &at £semiconductor,

[ .ass . havi ng..l ead oxi , teIIurlumd|OX|de
such tfH1 3¢ fefhodtediB Fard R RpiS BRIl G bttt and e confinement.
t her m)@‘he pt'dsblﬁi inadritionallsofryvides & ARSI & fawidiea ﬁ%ﬁﬂ@electncally
a.sem-netal, an all oy and

consistin t al
active é‘é"ﬁ?rb% %%36? CP@HE BT A SR AR AN of Alesrtig such that the

tube hexdt SpeinSendl LAt d168d 2@ nlﬂ%&ll.ldﬂl% Mnﬂﬂé’nﬁd@éﬂtﬁ&u active material inside
confinenent. The present invention also provi g es a

the glass pbgEndevarushing gﬁhf‘ambﬁ by tteghérg theogiehynd to a vacuum pump, heating a

portion of the glass tube such that the glass partially melts and collapses under the vacuum such

-4-
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active material in a glass cladding, conprising

sealing off one end of a glass tube such that the tube
wham7am2epen end and a cl osed end, introduci ngPeES2006/046500

thernoel ectrically active material inside the gl ass

tube and evacuating the tube by attaching the open end

to a vacuum punp, heating a portion of the glass tube

that tieyeitidilahekdies19sA88e E?d’\ﬁ('lélalrﬁé 1iegc Qmﬁ}%l tkmgg-rs 8g1§ctric material to

under the vacuum sucht hat the parti a
be usqd B fysirayERge eperatinms inteodusingthe amgoullepesonhmmg ﬁieemhﬂ‘m@elecmc

mater801f6 h@lleatﬁr% (IP&'MHBS ?rg:ré 11% tﬁlle Ee?ﬁ%e‘iiétﬂl@t W hi“ﬁtgﬁ %zgrr&cﬁyﬂ({e such that the

|ntrodu0|ng t he a e contal
glass whe analigljust spongh fmeatttm’vg dilawn and drammg @deRB It clad thermoelectrically

a heatr evi.c that the
aCtlvetajgfg%élt Elgle %{) al}f stfl '%8 ?’UP?hlP% alf’e&ﬂﬁ‘ s (helapgrlad
thenndﬁ’lammnqjlyf adme'le Sna:lémgltagahﬁ'l a’nd red e IO RCS theR! ttrﬁeﬁﬁts'u&?essmn to

prosofF4 Stk TR O, T L0 SO 22 Bl TR

msulatmtfﬁrmahcliage;tlbbeﬂleagwgsrcm% ng one or nore times in
produce a rnultl-core cable having a

succes n
pl ural ?’tda H’fna} ﬁo‘ihG 2hev-desseberbaiethod ey further somprise the steps of
breakinpht @backldd ﬁﬁ@n@ B SHBH 1@6(3st %ﬁg%&ﬁ% t}%J ol gcesfnog Blass flad fibers into

Addi tional ly, the above- descri
anothqgc%ﬁs itehe haningsa %ﬁ?éed(ﬁndkﬁﬂ'lééﬂnl apgn ehe, yheassing] thel tlfbleb:@ll’zﬁtachmg the

open énﬁttQ a%@ﬁﬂrﬁ bufipe fi€sin d;é&ﬁﬁﬁ' Gk ﬂ% Lgogs% R ES eﬁ 6‘I?ast ége g]ass partially melts

clad fibers intd anot ass e havi Tt
and collggsesvgderthe yaervem Gucfebhatﬁhapangllyhme]ted@aésyu‘t&d praofded@n ampoule

he t [ ortion of
contalhljfﬁg tﬂcpgrggéas[}% 1&53:(1: tﬁ@ﬁel%gn ?tﬁcl)?uézr Sa‘ﬂato ﬁgea(tglgéﬁulce
increagipg Iﬂsqiseweumte rwztlhn thealosating geeibe bl thhthBe @&fs& el elts just enough

ub s ovi.d ai ni_.ng
for e TSk G OLAE SR FRES K Do, BRI N AL s produce
cable having apkmeﬂityngnﬂﬂémwﬁ: fibercr easi ng the tenperature
wi thin E}hﬁt eati %Fdevr ce such that the glass tube
mel ts {° rfafr BrRete aregnisaded ahe witbinghawkang of the invention
hereinfdidehyssd. oTh@eaﬁla othadnitaiaaat Sfﬁ{e'p?égehy ekt MPwil] become readily
{et?] i al ?qqorgguce a cable having a plurality o%
aPPareﬁE ocTdl1qd pdpg art om gre & PHe‘é@gé%éetﬁ drieseriptigneof the preferred
embodniﬁbﬁﬁ Hedin Qefefonbe td1HHR dtéhe %s?fthé @gﬁtfb\ﬁexﬁbtt 'b(é*ngtlhmﬂed to any

herei n di scl osed. These and
pm‘c‘ﬁ?ré%{%‘ﬁfreﬁiﬁV’@ﬁf‘i“&‘?ﬂt\ﬂi‘%CFOSB‘écone readi |y apparent to
those skilled in the art fromthe follow ng detail ed

descri ption GBRIEFEDHSErEPTEINGTR g PR SWIRYISI
reference to m i on not

bei ng t.ed to an tjcul referred enbodi ment
di scl olifgé] ! %ﬁr"éﬁsﬁﬁé&a AENe\3 M BrAggNesdEveng 2 i s
thermoglectricaily aetive @agkial éfBedtfedan b gpdk @fadflﬁfgnﬁf:zﬁ:cgﬂfa ce \gltla the

a thernmoel ectrically active nateri al
pnnmp‘fles g}dtg‘?%fge%llré‘éeﬁflﬂ@ in accordance with the prr ncr pl es

of t heF1®. eS€ Bk x1raY Aifiiaiion Pgelt@m 6f h PbRO.pAsddVable consiirucaed in

4 ffrggtlon pattern of a based cabl e construc
accordanee yuhthg arisinis of thaenvispiiomsi pl es of the invention:

FIG. 3 is a side view of a glass-clad PbTe-based cable constructed in accordance

with the principles of the invention;

FIG. 4 is an enlarged cross-sectional view of the glass-clad PbTe-based cable of
FIG. 3 taken along line 3A-3A;
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FIG 3 is a side view of a glass-clad PbTe-based cabl e
constructed in accordance with the principles of the
wo pvetizen; FIG 4 is an enl arged cross-secti opel/us20e046500

of the glass-clad PbTe-based cable of FIG 3 taken

along line 3A-3A;FIG 5 is a cross-sectional view of

the gl ass-cl ad PbTe-based cable of FIG 3 after a

second A ) | IS .a

Cr 0Ss- ngg}??déﬁg I%Is/? t(seév%/:%mE QI{ ﬁe‘fv TS sglg?s"ga‘ﬁ’g’?é‘saﬁ’é‘%@dcable of FIG. 3 after
asecwémrewmgdiﬂth}PlSTaﬁbm a thi rd dravvl ng of the PbTe

fibers; EI gil N é:FharI; g?

resi st ance o2 FIReS PRrFenalipw o é‘?s' a‘(lgptrétbaﬁedf%bs@t‘)fFIG 3 after
a thirdldawimgjobthe Ph&e Pibess; f | bers) «; FIG 8 is a chart

i1l ust rgﬁ‘b' ngset gl%&tﬁur esi st ance of a PbTe cable of FIG

5 (aft o SRRE e Q@ré‘v‘spmepfﬂ@r%b’l‘e cabte of FIG. 4 (after a
first didviing 9f tife BT @ledrs) | | ustrating the DC.resistance of a

PbTe cable of FIG 6 (after a third drawi ng of the

PbTe fifPher&)s 2 ErtiliusmatprIbrROCT 1asiNt@re PFE PBRERERRBDFIG. 5 (after a
secon@mhg/gmﬂﬁetﬁ&r%o%@w ng paragraphs, the present

inventron will be déscribed in detail by way of

exanpl &6 9 fs & et idlnsteating the ®CGitesiztinee ofln #TBgable of FIG. 6 (after a

mégm cription, the preferred enbodi nent

ﬂurdd-l;% exarrg%le){s)ﬂsﬁbgr@?shoul d be consi dered as exenpl ars,

rat her than as limtations on the present i nventi on.

As useg heren the "resent inventi on refers to any

riw

one c- Y] lﬂ.‘-a A 2l
herein, and any eqw vaI ents Further nor e, reference to

var i ousn fRablsR{ng)paLigrhhiR, tHRIRSRAE inlvEME %A -
hr oughout t hi sﬁ? cunenltmsdoesﬁnot Woan that af foscribed in detail by

way otf: 8 vathrstarerssite thy atiashedbdravwings Thrvsizhowet thiselescription, the
prcfeﬁeﬁf&ﬁtﬁjmgntfaﬁawﬁﬁﬁ% sh&&h Qﬁ@lflfl b8 chh{g@er d gg g}?%mﬁ%rur ather than as

of the Figures, sone terns w now I ne
limitatppscqn e Pf%@trlbs%mnc Asiusetihdrhio; thedpesstnt ioverioa! réfes to any one of

the enIbQ@IméHt@of thi 'n?@nlu)fn ldésogl%gd thgl%ﬂ'l :'anH'I a%&%gtlngélag}sr aTélgthermore reference

mcronet er in al hree di nensi’ons
to varigpg, %WP(SEP%WE HP@S@ﬁ ipyemtioel thydughotuiatiliedodinestit dats not mean that all

[
claime A TRAS ! hEiodtBRET s haPerediecd e b1 adi ng

t he waBefoge Btnrtmgm dﬁsunpnmf oms esguwdj s6te t@aGiwill ndwWBe defined.
one. at nediumto

surfac

hi gh t gn‘per at%u : glalltfﬁacros?(mtﬂ 5@83 nlberrrn]o";*‘legtn,r:;éa%tp}aels ithat are typically
larger vlmldhmtdnen vaf etisroatetertinatielirebdimédigonsal | s of the

r eact o? are noﬁs %[ rrS( hanced chem_ cal vapor

deposi FIESOERPHTSs TREP YdSlPments of the grriodapaiat ure by

exci ti Ofemiral VepartDegosBse DipdkRiod oS Tms (usually

dielectrics/insulators) on wafer substrates by placing the wafers in a mixture of gases, which

react at the surface of the wafers. This can be done at medium to high temperature in a furnace,
or in a reactor in which the wafers are heated but the walls of the reactor are not. Plasma
enhanced chemical vapor deposition avoids the need for a high temperature by exciting the
reactant gases into a plasma.

Doping: Deliberately adding a very small amount of foreign substance to an
otherwise very pure semiconductor crystal. These added impurities give the semiconductor an
excess of conducting electrons or an excess of conducting holes (the absence of conducting

electrons).
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Dopi ng: Deliberately adding a very small anount of
forei gn substance to an otherw se very pure

wa@ e oongduct or crystal. These added i npuriti esPQi/vus20061@46500
sem conduct or an excess of conducting el ectrons or an
excess of conducting holes (the absence of conducting
el ectrons). Efficiency: Efficiency is the power

gener at wer fed int
e P PR b B B i e power
fed intsf it.crimpagire of bovam@ﬂll’vem ateﬁﬁf ¢aiverts yne fanosf dilergdy MBS hother.

the ectric dev that are
Efﬁcn‘i ry?sgarf?cﬂs Gt gé’rggr 8 gﬁ%ri%r B\ql?fflg ngqcb‘&:nc?equeé (that agg currently
availalsvb‘rqrton tﬁheeaﬂ"lmrmml ect r | c figur e of merit, ZT, is
gi ven ere i s the Seebeck
coef fi %Y Of#eiré Eijl’? ]?aeé'g’é’F B“%%ﬁﬁ%ﬁ’gff{?f“é 2% ip givendy ZT =
(sz*ca&)em wherelS fsahé Sédbeétlk YoefAbRNK T 8 thd'ShsbifE f@:#pe{%tgreﬁgg% the electrical

ndu tIVIé% Lead Telluride: PbTe is one
reSISnX Kis fag thefral Sopdveni®: ¢ nat er i aI ot her than

Bi 2Te3 ek TRIlhSdd: YIPd £Ak lohe b ef ALLLY i '
because this materi al eXhIebI ?%Ilgltggst mé 1on1?%5ef:{t%{armoelecmcmatenal

other thapbirkes uPede pebmesely 20! @n@oweogemdmdwcameehfseﬁtemﬂ exhibits its

h sQIZQTa&t b
eSSBS AN oL A S s et

mﬂéoofﬁe wavel ength of the uI traviol et |i ght used

to etc I w _hundr e The

Lo S o BBl S BRI i, e
wavelegmh ol ﬂle@dt‘rfiwnlﬂtﬂaght usaét 65 etoh ailzonlehips s fdve hindbd nanometers. The
symboglf&cﬁdéﬂoﬁ{eﬁéé %ﬁ}nec_trons or holes) are confined in space

ucl ng e'size of the conductor. For exanple, a
ver y t muantmm dlunﬁnfﬁgeri‘ti Qﬁhﬁt&ﬂl@@ﬂiﬂehfbnf tR86pRLOWhen carriers of

eedom to propagate in_ a
ele““ °%°ﬁ‘¥ S&EPB ?‘nié?ﬁiﬁrgﬁ 6“ d{;‘ntSHecep‘PBaWéuwg izg pfighe parductor. For
exampﬂﬁ: Iamelrjs tiaAicdndwting fBmdedudeh BMCA RO, ERBLHY [ihBlind Bs freedom to
a fl|mIS sai.d iﬁg be quantum confined in one

propag W FFPHop e IS i of it Rl S fssed b 2 2-d
structure 8nd tHdcati@ iRlsaétea Afm i &:id td B8 %éﬁxﬁgﬁ%%nﬁ?&{ 1&1I q%l \%ﬂlectmn It can

| ectronotive force generated I n

move W’“P‘E I} ebeRdirecions.tiferpihe Rjpreipkthe fidmd i s normal |y
ex pr es S8sbeaR Qe QMR trhe BFJCIIMOYI%/Q forkd eﬁc—!?ftrfegﬁr? tterla‘i when it is

F , or Seebeck coefficient
subjec eért@é theymel igradient @nmwmglanysxzfesiedasomcromﬁe ped Kelvm The

themc@%@ﬁ‘&%d}){%élt Yr SIQJ%EH%TFEQ%HP %tflaVI gt maﬁla?%el g%g«.ﬁ%?n 8etermmmg its ZT

proper of a mater| at specifies
factor.heat transferred through a rraterl al of wunit

Cross-f { ne for. unit.tenperature .
gr adi ent &%eﬁ %Oﬁﬁgaw Tlt}g%glél OB PO 15 an dphe n%‘(t PIORGFY of 2 material
that sppqalﬁp@thqan@qurm oﬁh@at tmrapsfetred ﬂ‘pelllghsa ﬁratdrhlde ofe:dis bfo8§BEBtion and unit
thicknds§ TRELAE fél}rﬁjereml% érgcﬁelﬁalfh dtlﬁCt I Xductlvaty is IanS m%nr?slfct: property of a

medium, it depends on the measurement temperature. The thermal conductivity of air is about

50 % greater than that of water vapor, whereas the thermal conductivity of liquid water is about
25 times that of air. Thermal conductivities of solids, especially metals, are thousands of times
greater than that of air.

The present invention is directed to nanostructures referred to herein as

2 €C 2 cc

cables”, “arrays”, "heterostructures" or “composites™ that contain a plurality of

“nanowires

one-dimensional fibers. Nanowires in accordance with the present invention generally comprise

-7-
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50 % greater than that of water vapor, whereas the
thermal conductivity of liquid water is about 25 tines
wo b@v/oof29ai r. Thermal conductivities of sol i dSPCT/US2006/046500
especially nmetals, are thousands of tines greater than
that of air. The present invention is directed to
nanostruct ures referred to herein as "nanow res",
heterosGBOLAS of at RlakEOne th 'ie%f Sl 0 Ltes
that contain a ur%i r? k% ?én%%gerng?ra C??ﬁrl%‘ét?‘gr Composmonany
and strachgRlly ééfﬁ?rﬂmdé@f@fléﬂeﬁfr@ ghissh whﬂeelpraasenetfarlzmmthbt@dh is formed there
betweBENFha ko tyre east one
S her rmg‘} ect rgl:ég&* ?ﬁ{) f‘; %atr‘arﬁclelrs F%‘}s“csaa‘ @Wém&%%fr 1ameter to nano-

dlme@mp@sptdeo trahé:;aesasrthe sdvantdgas af fyanthirhfc@hBAémEM! @k tA4 manner, the
rface or junction is

e n_i.nt
thermploblriy efiASTey ot e o AR el A 3R Eatrtehallf pubmerd e The
thermoedtaricaly activeanatessl ik alsb héfelfb& &ShQkindisanet ﬁkmtr@electn? material”. The

nano in order to harness the advantages
cladd1a§ ?}ﬁ (ﬁf?:{ bHESTRPiges ashitabl frgise puch 3sea glass comprising an amorphous

materfahBiviBEhe térig fangé Bi’déhﬁg %YthEoﬁﬁ?uénh afopnel ectrical ly

active material is enhanced ernoél ectrically
act i ve GRgtasPecof the igventiondneglveya methodfor prcxdscmg@ractlcal

thermoé'l@(ﬁﬁ b§ Qv d16pi tqgrﬁfltﬁln cont %d %a {rg gxgllbgg)sg high ZT

prefer Iy conprl a sui ass S
ValueSc e%@fﬁrﬂﬁgd heremebeyh @hsequatlem |f<a1 thh &wmgelaouiccﬂ@ué afhgem 7, can be

a
rendelféﬁ ggﬁ%%ﬂgsﬁv%ﬁﬂﬁy% #%S/ Oanfaatb?gigl g tgm?ef,@gr % cg ap (t:"he temperature
of the hhemnemre@f Wﬂcthttrylob}ecdmﬁ@lvmr ﬂgfdllmmtthmtﬁé) ﬂfnhéiﬁii)nless thermoelectric

M I PP e h|b|t| h ZT val ues, As
figure %@Hfé Al n%g ﬁer i n)ab ov%’l ?ﬂsgdé’ag%t O’Jﬂ.laftlafl of fhe performance and energy
Convetsrrmr effieleacy,rdfanf itprreekbir@hateriallor deditebe rendered

di nensi.onl ess b pl t. by an absol ute
t enper g o1 h aénowlu S é‘)%trlg if ¥fﬁ§%{ﬂé It&@ng% erreiugtivity,de) |96 PbTe is considered,

the Z1) ok bOTSOK it bl oA/ WDR GREL2T 61 6820 bifmb Sy
e.di mensi gnl ess thernoel ectric figure 011{l %2“ ?é%i{sz o/k)*T.

ZT fac(%i*%‘irﬁ‘j“ﬁ‘“ﬂb?ﬁ’ﬂ?éatﬂ%eé fetvren pboet H0US ehd A5 K. tFr PbTe-based

therm q@¢das FRSBre theBRARIOY s?@m&rﬁ Ik G fovi@l
t hernpe| ectric material or devic eﬂ%adﬁgﬁmb‘r’%s ﬂ?‘éﬁeZTfacmrs

increagperwith qecyegsing apowie wigih. dmenst afier cqaamofané’hife width is reached,
ZT fac@(S}B %bgﬁ%@ dall Wi %Iréa@iﬁ Em&unrg i, IﬁlesP%EllJ -b(a\égié g Iv\gs(as described

T of around Mor €) usi Nng
herein mayr%?cqaérlx tmmewmmt mmm-atpa rcesduntibneeithed B9 dhanging the
stoichigRecs B FE0rs T ther moel ectri c.

oic n ang\l'?vl res, the vrat?:}ﬁéeddgx?g %ﬁ@%ﬁg‘oﬁ c?sg{prgneret KORprities.
cer t ai Numsyails thernpeldetriZmatesiatspimshiding BB, age sdnkitive to oxygen,

which Q%&%&d@&eﬁﬁﬁ&@étﬁ‘é \é%fﬁrmaanc%.rﬁg]éﬁ?%r gg%grétl 1%3 o t%egus to have such

nano re w
thermog] eckricimetesialsi segled axfDatidr ot et fronT gy EvT@mnbasi@dtion within the target

h ly tailored t
enviroABRIAEE DE Al Sl tibieo BobrPmEErigly Mable ifit cannot
withstapldahe elementsearsit anivirbhment it & igfenB&i @ Eind@orPaindy. addi ng

sone nent s/ i mpurities. Numerous
t her nor%ﬁg%‘fé\%% ef%reg‘:‘p rred {herpielgtrpymaterigh, @ther thermoelectric

materidle Maiythiewenployak ¥aeas BHTENSAR) A-g! 292‘2 Lheean %t%%vﬁth&lt departing
nce. For_this reason, it i S advant ageous

erfor
from t a’i?BP%g%WetHﬁesﬁﬁb’é’rVe@m cTh?dh@mQﬂl@t@‘ema@dlabﬁfayamdaHy be in any
convenmR &6, adch b9 BFAuNE P p&GRAL,AM Nati on within the target

Once fiber-drawn nanowire cables were produced using the methods described

above, the electrical conductivity (6) and thermoelectric power (S) were measured and the

-8-
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environment range. O course, a thernoelectric device
is not conmmercially viable if it cannot withstand the
web@meni2ge and environnent it is intended to fuPCL/USIW06/046500
under. Al though PbTe is the preferred thernoel ectric
material, other thernoelectric materials may be
enpl oyed, such as Bi 2Te , Si Ge, ZnSb, Zn22 and CdO Sb
ariation r C Sen
e R S or s serpnetc M rilyrhcl, RO%S R degmined
experpeeriiglya pyuleplisdeby tetméasnrement tﬁmmatgrea(mmll{e&na i Q@B the known

na C r.oduced usin
therm e R O B BB B, G A uobrigagbroduced by the present
invengomducti vity (s) and t hernoel ectric power (S) were
was

nmeasur and evari a n of. the rarreter S2*s,
det er me‘%%t ‘#1%‘ &Z"‘}Sﬁ ﬁ@f‘a}ng vgshaut e ee‘effde‘?%oﬂé’@s using the van der
Pauw Gxnﬁﬁbd: imsttmlehtyshoRddtthi the Sarkyle iR VERASKIEVE dch that tlhe instrument did
erature (in K) and divided by the known ‘h
not m‘é‘ﬁh‘ Y qPReyCtgsy. tmilagly; de r!thﬂémzmeuhpﬁ@snmpqw using a conventional
methodaB@bY 8p ﬁ?%iﬁﬁds &Meé%eﬁﬁég%téagl@&‘ﬁg%gm e%&e{ﬂ?e‘?%d by MMR

of the | as addi ng w t hout W T &S usSi
Techno Q}'@Fa“Pé’dW 4CE>1P°@BE&) didtmotmmducs mmyveesult batactduat of the high

remstﬁﬁ?’@i‘ ﬁle%s\éﬁ{dﬁlr{geﬁﬂég&/é\y& ?x@%&g&?%ﬁ hcglch?fﬁt b re}mgelgctnc power

nmeasure any cCO uct 1 vi
of Pbhg-grobedded pablss waly ecatbbowsumlen gpdicatmg\thﬁttthe fithsured Paldes of

elechgl &)nd@éﬁ\ﬁmn(a%hagndelﬂgcé eep eér:;ar% o%}ﬁc%gﬂ rtll?:ﬁ %tlélgous nanowires

ermnat Fon system  ark
alonglﬁlmlnnghmfﬂleew,bld:al i fornia) did not produce any result
on acc resistivi f the gl ass
cl addi ﬁé %%‘/‘gﬁ‘er’?’ﬁge%ﬁ‘“gé’t‘?t?‘&a&lfx% d’l?E?WVF’lC?/blﬁﬁﬂf the present
lnvenllldnals Pbak detauise of mﬂm{m@bﬁeﬂ@ﬁ@@dé@dc e@ﬁes\"ﬁﬁl reasonable cost.

rabl e i cating that the nmeasured
Using, f ‘g“e%’y%ﬁgst;%mﬁl egﬁlcl‘ltcgm VR ifen b thahealprlated Ty (8 *o/k)* T) factor
at 750u0w2:5[ €Tt S5 i PhaB leRhibits bive
4 onq%&ghe I tkﬁ\ﬁOf tehe cgbl eﬁﬁl'?ﬂ{eénar e err egﬁ)m 4 Céttain nanowire
widea, ilyigbntdbe PR ipaacd bfecias i Eboss wovsbd Ssthotreniant 2T
factorPoLa6Hid 2.0\8 Mdre s tsnsitRI&l t% ﬁ%tigfe%hggé/e% HSn
I ng

t hermpel ectric properties and reasonabl e cost
confinepment, gL b fotor ingiensss veighdesseasing nanpwlingeviddr uIRﬂTbl,s maximum value

is reachB® 4na ikt AL o fakidr ﬁ;@ém% }o d%créﬁ% r\zﬁ{h ﬁ‘l‘i‘ch? gectrlgeas% éIZRar%&vnre width.

The s of PbTe exhibits I ni endénc
As Woé’ldc]eer AnpForiniam by hasef skl inthe/am, athetthedeedbestc oaminlsAhving

suitable@fd o3l c ﬁ%bgrél%g {@g' ﬁl%g%ﬂgy B g’mgfoafgfl g&alﬁ}u l gca)artm-lgg from the

factors of aroun e I's ¢con
SCOPCQf@mIWG@HmlI y enhanced by quantum confinenent. The ZT
nanowi re wi dth u

fact org] NELRARE wWhttHe Eleegé qr‘?\lfe% H, 3 axImym dzaﬁeftgrcqtj&lne nanowires

this maxi mum va ue is reac ed
is prefg@glmssqtbardamr eniseatelyt20Ofmum, trhest pﬁkﬁ'ﬁfab@ﬁl&tﬁvﬁexﬂw&ﬂmﬁﬁwly 5 nm and

t ed f skill
ool 1, 0 RETEL Bk 1A B SELLL, L) e e
term "digineten] i@ mfse:mtnedt exfersito tipy DReddei o $hd Rnfths oBltl?eTnﬁ%)or @d’mmor axis of

| oyed wi t hout d rting fromthe scope of
the crolgg - crfrlt%n ¥ %16 nanowires, with the plalge being normal to ﬂ?e long1tudmal axis of the

nanow1res Nanow1res having diameters of approximately 50 nm to approximately 100 nm that
may be prepared using a method of drawing of a thermoelectric material in glass cladding, as

described hereinbelow.

The cables of the present invention preferably are manufactured to exhibit a high

uniformity in diameter from end to end. According to some embodiments of the invention, the
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In accordance with the present invention, a maxi nmum
di aneter of the nanowires is preferably | ess than
wapproxizoat el y 200 nm nost preferably betweenPCT/US2006/046500

approximately 5 nm and approximtely 100 nm In cases

where the cross-section of the nanowires is not

circular, the term"dianeter” in this context refers
maxnhﬁmt(hﬁmét% HPQE Of nthe r.apd mnor

axi s of ﬁe cr ggssstg!eh?fi %ngllgégéﬁ'énﬁéﬁ%ﬁ ‘#fggss tgf“? APRrAgimately 10%
over thp éifmg&béf thg caldenbr tess preeiscapglidatidhsiahe aMhset&iofithenanowires may

no S ha di amet ers of approxi mat el
vary 1@%”19%6? Fa%ge g?% ),(w ns{%% g(?fﬁ.gpﬂé e %1%@01@? dfiastaaally, ¥he glass is
prefenablmvaahmﬁhmd)foﬁaﬁﬁmﬂb AghrotesativheAnakL ﬂ%‘o@le@ﬁfcerﬁét@hal it is

as de cri bed hereinbelo
emploa’é g Q% glsa gf g?}Fgér@rﬁe“FWéf I’blla?@’\orb? é@r’[eﬁca%qhgﬁ\évlagewre wherein the doping
and corapodinet of tﬁé whife 1§£ﬁ'nkﬁrﬂy Bohtk&llkd L%cf,h‘% g¥hé Bord (%rﬁéf the

th fromend to end, Accaording to so i Ment
ermpRGerHcimierial fig iiekd Wﬁ%ﬁhah@t@ltsoﬁflﬂ@hytmfa@smm-ml thgrmoelectric

behaviBly ARaNtabEnily, M0ELNs h iatel y, 10%
over the Fengt}{} of the c:g%FeL %I@géslggslrl eqogihermoelecmcdewces n

a costzgiisetikamiopra; the di aneter of the nanow res nay vary
inal @[cg&rdnff\%q e(rﬁlegtl 5 Soﬁngggnﬁfggagvagggbg Onga:?B}eF material in

e&él catli On) | ectri Ca
glass Jadding inveives ﬂsavmhgnh@glawdled tinrmoeRstrivirh¥eri b Fotrh $ndividual fibers

o clad. The
om0 1A L REE ot Koo
or 1€S~°«Alh érsewcmlcﬂ be aptnpma@daﬂdhﬁmﬁmﬁdinh@nsl@lﬂ i DR aM, bR Ihén(%ﬁbers may have

rol | ed i ng the conposition o
dla_tne&]l:l {e?% ﬁ‘oa‘elfg@@ﬁm&"‘ﬁa‘?%‘? %ﬂ? Btihe Sog thewFers ¢fifhe invention. Cable

dlamee;axshmaytbs bmttghedo‘{fmttg’ ﬁGIOD)rnnal By&eﬁéﬁ&%}} @ﬁmhﬁﬁt%{nﬁles of monofibers,
ant a ous , the cables nmay be use

and thg Son en%a'g’ f,’ L Wigps spestiopiod tlgpeqpibg@@ay he dncreased to ~109/cm?2 or
greatet OSiichefabRs hﬂv@rﬁ@&ﬂ@l& exﬁpdip('iilghﬁﬂn EOnfi{indn? F‘(ﬁ‘l};rb%:a{n&enhanced

th net hod of draw,ng a thernoelectric nmateria
IO B PP EEngYawi ng the gl ass-cl ad

t her noghesdetiod df&fr%ing &erﬁ@é'hg@ntl@ glaY%nalll In gl a?;%gl (?(Bx(tg may further

nonofi bers) of thernoelectric materra
comprise bugehipg W‘eﬂ@blﬂ togetbenanst gdsmawing Gh:\&n'cﬂttﬁxﬁesoﬁ sh&®SsiofMo produce a

multi-¥88 kLeb1e %oﬁﬁﬂglﬁg ' g?atsg Py thhgﬁ)ge?%fz erls S @éy \g%lf( I%)l; extalﬂ'g%é Ilhe material to

art, the nonofrbers nmm

formingghe ﬁpgrls ohg cg\pllehw cqjeyasetl?hﬁl"ga drrBlﬁTthh ahecefeting c'cttill@compnses a
multl-éd}é‘ %mlé ARvinga @&aﬂ%&?ﬁh@{ ‘?du”?éb?rg Blga:to 7 ht d o om each other by the

nm by aw n
glass o}ﬁgiﬁgfg b%pgrtlcg]mj gldse ckaddngnﬁz[}alb& chivsei th:dn@aﬁn |ar!;péq:1ﬁc composition to

i ncr eased
match G355 shelficdr, lehia RN S clihid pisparita goousiepted hermctectri
materigdy ihgiglasy gladting is prefemablyesevefab brder0of HagHtuas B?glﬁ? th electrical

f Th hod
I'eSIStl\é{}qBEFP &%%%tﬁlg SRSy 81 Iq%%c%n%ﬁg %nqlﬁh%fggés gqeé]@mmﬁglectnc fibers.
Sultabhq:a:pnfrnﬂrtﬂabglammﬁ BestippLedtidas il@udedBlhieart ﬁgﬁﬁljﬁﬂéd &) ‘E)yrex vycor

andquEr‘?z?%LaaV"' ng several times in succession to produce a
-‘Core cabl e conprising glass-clad thernnelectrlc

fi ber sAcdBydingyo @ FurtherABpedt of AR H% 0
t fi ber SAcd s Bl 0% rrayrig%rrpﬁl e g%g?ﬂhgﬁrpefil 515'(1';’1& semlconductor
ma ena}l élgaa qnhsgt & fibprs i UWq togender a cable either n-type or p-type, such that

individual cables may be used as the n- type and p-type components of a thermoelectric device.,

The cables may be induced to exhibit quantum confinement by reducing the thickness or the
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mul ti-core cable having a plurality of individual
fibers that are insulated fromeach other by the gl ass
we@b@darerg? A particul ar glass cl addi ng nmay be BODES006/046500
contain a specific conmposition to match the physical,
chem cal, thermal and nmechani cal properties of a
sel ected thernoelectric material. The gl ass cl addi ng
iameket JTHE: - or.der s of ni tude higher in
diamet r% ﬁg lrt%%?ge;ﬁjg{/elgkilnefl haret ﬁéer%?’élﬂeaﬁpgéﬁﬁ gfficiency of
thermepewogriection. material that forns the thernoel ectric
fiber S'Mé!)‘% . -!!__ aI Icsl\(/eI e,r,s S dding
vycor &efertiughé F1G! BSerticAL&OkdiREcd 00 & énLan]SIB Ed togqaesﬁ% heat for
d .of %he Qventlo ,. the nmetal, alloy or seniconductor
rawing Bar-gled themoelseing fhves. Inprackcylar, verticaltube fureacter0 mcludes a central

lumenCHIDIoR r@ietiRE a PréfyiRe 19 coRiphi¥ RS |hdi vi dyal
e abl es r?a_y g@ased as ?ﬁlghﬁ&gyapég%%{’%?{'%a lscsgﬁggr%ﬁ?gma of
reducesk crgsy-$pchpp d B de formevassyimcwaca P thoa iy deavtyarbielly fitlue edth

ﬂlem(t)él@&ﬁb nRdtridl lﬁ@”gﬁl}@f&&g& ﬂg{gg@ %oe g%lltge? %lfxgggteph%c material 22 and glass

t hi ckness or thedi anet er
tube 16 i geaperationdor onmgenotehizaeing dpecatias fagprobecies fiasi-61gYy

therm@fledtNEERRROMEr generation. Method of Drawing a
S Ther e ec?)ﬁiec Material in a dass adding: Referring

to Fl GWith furthet referlenteoct KU NN aeeicA0ubs iR ARleONESnlRises furnace
i at . for draw n | ass-cl ad .t hernoel ectric
shrou 8@ ¥h et i Bh o R miFad AR lulop oty 6o muftler tube 30
include gohdideise metaln biidhl aslaliBihudd. VerihPeSk thMGedl PREMRE Brprises one or
morel?e% DI S g%ea gl@ S, tube 14 that is sealed at an area
of tedut mpEAds sbﬁrﬁr’o PE° PECselnh ARl §f acedisposed between
muffler hatie 3C5aral the@ad tinguddtionald, ¥nd kéf-RebrMickMeh Y g‘zﬁép%gécf b&tween heater
1 3tTat ﬁ%al 2. The furnace is used to nmelt t he. _
COTIS 2, %F‘@ifﬂsi‘}.ﬁ“ﬁaf‘éﬂﬁrﬁﬁ thohent grogugsd by bbaterlebilsr34 inwardly to form a
hot zofé 8P &fin ARG SO, il 0 ' for
ot zo i tuB¥1$0, O AR Eoifd %@%r@%%%lt@ﬂéa%v% that may be

insul l}fgrod_uci ng gl ass-clad thernoelectri
Insulatefi usnga GeEgRicdpaatpp4 g Sdditiongldy,ta theimaecobplefuolas@isifovided for
measuSAFRHd ©8PefdiilddGhis whiSH sl ation 28 and.
) nu??li erﬁ?ﬁbe 30. éuih{)a gaﬁ'ﬁt eri a@%dg?udrj?ua]@%t?‘ %&B%mx’matdy one
inch. 30 jnclude conductive netals such as al um num

Verti calmisbg of her conprises ane or nore

heater coi I's 34%%1%% éi% r{n#élﬁe&%ﬁ aﬁ mngtéveﬁp%tfflé&eﬁ/?ompmmg an array
of metple all@y owsmisomglncor eod eplosided et whsn claddihk &vill tnokebS@escribed.

Initiallg,lng %ﬁi&%%knh@ei éﬁtﬁée {ax}%gerr?ﬁ 22 "i‘s”éj%;éf%%c[] 31:]% or y cenen L 38lis

A

osed between corrs
of the preserit anveption gomprissstPHTleghhicia inif AEHCeEnblYr PRl &5 ddE8bAS suitable

thermoafbcl ¥y L [ hot ~zone 40 w thin nuffler tube
e D R TR S
involvepesgldsting nlsluitaiﬂe thatrsiah gorafoﬁrlﬁfr@l'ﬂlé kg)ld§§ Hibai 14, @hedglgssfmaterial
i tipn a thermpcoupl e probe 50 is provided for
preferdbfiflesk R (5 b ee?mﬁﬁ?fﬁawp%e{rﬂ%ﬁtqwr%%ama sliglif]scgreater than the
meltingreepnpenatiectst the Hengbéleatic aRNeeNi(ERL, el 9200M€ £ e .AVerticial tubular
I a

h t hernoel ectrically active ter

of drawing a
furnacggé %:sg?f% Iexglp[?aegﬁ(g%ﬁa} gif one end of glass tubing 14. Alternatively, a blowtorch or

other heating device may be used to seal off the glass tubing 14 and create vacuum space 20.

After sealing off one end of the glass tubing 14, the next steps involve introducing
the thermoelectric granules inside the vacuum space 20 and evacuating the tube by attaching the
open end of the glass tube to a vacuum pump. While the vacuum pump is on, an intermediate

portion of the glass tubing 14 is heated such that the glass partially melts and collapses under the
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of metal, alloy or sem conductor rods enbedded in a

gl ass cladding will now be described. Initially, a
waoani2e t her noel ectric material 22 is sel ect BdI/UI10686/046500

preferred thernoelectric material of the present

i nvention conprises PbTe that is initially in granular

form Additional suitable thernoelectric rmterl aI S

PR e AR A LK S—

maternhﬁ% té b usedrinfacfingi drgwiippogh atim. tTHY ﬁ@:t $dp 11?\'/'@\/&' iR S8ducing the end of
r i a have a

f I
oo DS R U Ao S ST A S L et e

111ustratladlarrﬂobémmitt the gubudarrarate 1 @ iPfodipRrdd\Qk HQFA
dma\t eri al é, gl > 920 C for EbToe)ﬂg%§ert |cc %£+gOUIe S4is
introdpcrd veracally, w ef%ﬂ‘%?ﬂloéﬂ?damﬁo@ééﬂ confairong thertherfoelectric granules

is dlspﬁbls&ﬁﬁnthﬂﬂhdthﬁéMO'ﬁh BEN RS ht\!zﬁ&ycmﬂ $ owtorch or other
heati ng device may be used to seal off the gl ass
t ubi ng é‘l‘ﬁjaféla‘@d@ e+ispronenly é@peS@lOn vAfttoat tubedhiinace 10, the -
t pjtlfl t he
Sy e Tt ot oo el et 2ot s o
enough fer w&%maWQQIWWMa evmmmatbnml%lﬁdseirﬁwhewbu which is per se known
t d,qf the e to a _vacuum
in the Qltt 9&% egaggak:oﬁ{%mthg lﬁ:ﬁBmpogl%(g g?‘F gf'ﬁs’éﬁ REsderaply chosen such that

the ﬁbpndrtammg mfmpdwu@l asge tsu;hgn@y greatess theathe thetiedpdifpds thbe

arti al mslt ol, | a ses_ under. t hevacuum
therm egsr%%% ghs IF\F/?EF’faéHp ggg% ‘Tcﬁt%i/‘i‘sdé% thgsmaglsericengarial, pyrex
glass ig ashiabie rrgatfjrh& féﬁmﬁm 86 felds§ w%tlecrlr@ﬁbe%@ eltngechfsdll{ﬁ&Gm The
irst, dr eratio e next step involves
obysical bR DBiPesies 4lekess DAL AR R lectio materia 22
will hatvlaearlmaﬁhg@hrthé: btiek BF 2 ebutifg LA !
d t ce 10. | np??e |el lustr gt eég%nbo%s:/%%;s S eﬁfl%gﬁﬁﬁ Wynimal
evia ‘PBr <5 PHPRTHGSHNIR FRIPest te thase of he tharmeskntut mabtial 22 are
preferdbly ERshes @6 theedlhddiag inateritfier ein the end of the anpoul e
54 containing the thernoel ectric granules is disposed
wi t hi n1hseb %V&n@sa@b%gla@éﬁbmgd%w ermpsd ®nﬂﬂerc@ﬂg&waﬂable pyrex
tubing HAGIn@ PP HIE gi & vertica
ingRPing P olfideXiBhOREkYs 2 SRERAH S alRin Phritn Bpgube i fllea
with PhTe genglvs ayphglangth efrbonbd s duthes c Eynantibesf gkt fubjgs14 may be
achievBd QWi ghP lin/ ér t&c @rg?‘%‘% 10 1an$1ate?\%ﬂ9w?c?r§ 6&;31- ¥ACKALiRM, the section of

conventional gl ass
glass tylying fid cantammg thati thamb@nﬁxe:mtaﬁabm & hdabl £RHPQSIH A RRch for several
n such that the fiber

s is..preferabl
mmutegfto ¥‘4}§0\% 82 r%rn,peerres b al gas, e'fY‘F%H‘gﬁ gelaﬁtt}ﬂ?;ng Adds ssaledzpder pacuum above
the IeVﬁbd»ﬁthmglqmqmuc nfatdrfaiszz her noel ectric granul es. For

exanpl PbTe ted the ernoel ectric
ot er i 5 C)pemtlroél X Verltlﬁ%lsmel? S NG OB I“ée‘#'gl‘ dravane gt glass-clad
thermo@teama@bdrkleVghﬁﬁBtuNetfiil'nE’beTﬁ) fricheIes 28HbE @L@?QOrre%fcﬁ*a%out 1 inch,
Wherelnh% g %1 ﬂ%i Tscfﬂanl cal and thermal properties of

FHGIBY 'S RIS I e Yertiel Site fuEnacalBrvis) thezndiof the tube slightly

below hka\mma 4beavith Q‘hdi)ﬂﬁrﬁd&e aPEKRL N b3 RSC Ohe WS H: 2 {Herlgwer tube end is
ass exhibiting a mni mal deviation

sufﬁcxetnﬁ g%%alﬁF & W tgext r!té owipdg@gbtf When the lower end of glass
bing 1 happaed @tCthé | &

S S A8 LRSS o e

pulling; Jsefegm 119 may %mpﬂéea@@nvmimrmdhqalla\la r¢pidnhsh by peeform material

being uséPhp duhiay M&ﬁ@erérmg hﬁ“c?deg lsllb%rn?i greferﬁ y dnc%uges a Qihmeter between

I nsi'de di aneter, wher
about 70 microns and about 200 microns. According to additional embodiments of the present
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with PbTe granul es over a |l ength of about 3.5 inches.
Evacuation of glass tubing 14 nay be achi eved

we@@rnorgbd under a vacuum of approxi mately 30 PECDUF2006/046500
After evacuation, the section of glass tubing 14
contai ning the thernoelectric material 22 is heated
gently with a torch for several mnutes to renove sone

inven{ic?rf’ It]geu(?xlawgr?ﬁnso%%gt%% Fﬁg l:qte%gbfgll‘rgc?(f ?%gg? Iﬁlg pég}a:tii%@?‘fv?—ltsx:\d/er that results in

under vacu ove
very litd¢ earizlondR didmeteper at i on, vertical tube furnace 10 is

used far d{@yévlg'%e glgs -cl ad thernoel ectric fi bers_.

Verti cat®? geempoiments i dhe inygntien, shert fpgesestions may be
formedfbyateamingkhé Reteroswiefiedsint MBerb85IGh P ol 2ut . i

the verti cal tuge fur na?ce 10 with tg]g e%ﬂéﬁgghfﬁggrtoh%écmmsmto

shorteg pieget | By E’éb’é\}(}fﬁ%‘flp]f@ Hiesgshorigy P#C@%@aﬁ@pm&w tabeapproximately 3
inchesli®3S95h. trhe P%EQ% th&PHM LG SIS raﬁﬁ@ltglg pgt)re}g etllrl{t()sle, lﬁvr%uécé}ls sealed at one

sufficient To cause glass tubing
end ugipgthgwertigal Gibe fuxnaen or heing ehbrwternh, o defcaibsd herelmbovedd When a

. i f.t f it b
suitabAAAEAIGE oFlndrdfibb IR poREH ifithetting. Mie OBrLEtinAtioetigfo pgacuum
pump ané faintwmm@aip siecdigp_e's heated 3Thiy hgain@@dtﬁéhﬂ t$1fB g%d%@ tube to collapse,

r eri ei ng _use urin e fiber )
e N P D e eron i
produckisaneablrhaviig e pluralirg wif mifltiEofs @bkes. aAteR HRMecaR¥0drawing operation, the
Oﬁ%ﬁg%‘t h% addi ti onal _enbodi nents of the

mcrans. .Ac
fibers sf,eecSoZlﬁ{;tleﬂ %ﬁp b&F%\V\f ¥/ aggté\pxésfqa&ﬁql g Béhen the bore is filled
with apsithlle WethbusbNGoABBYE, AHBbicfortd RAMVEOWRED ltPleal @Mt Svacuum. Fiber
drawindlisY ea/ I ttlﬁ variatjon 1n dianmeter. According to
awing s them PatiRsmee A8 Hs Ptos g e i1&s progensts fepbated as needed to
obtainefidd] AEmBBCRR: hfeBOdiRMAF 81hBtht 106 et er ost rucrures
and then breaking or cutting the heterostructures into

shorte roptiggay of exanpl e, these shorter

pi ecesyEePR IRERIEL thoel PR L aehes L
| engt h.. The pi eces are thgng%%ﬁgﬁjg@e%iOgéug?l%?cﬁ%eserosmcmre
nanowies di istigipertanitocletirmingethe aarapdiffinetiem charsétagstid ©f the glass-clad
thermdd&dul epfar r uysing.a bloworch, _a
e Bl 1 B0y 30 APl bR R B basea cable
constragied i dysprianeewgthcheprinciplel of thelyeesehhitivepish, @¥drdis the characteristic

. u and..an i nternedi ate sectiagn
spectrih RERTE 1f Sl G B R B RO e ygrrigian, e xoray
diffractioh lpaﬁlb@e],ccle_tahb’riabiy:a@ ﬂ’:jei Mgsenbeof Pee _péulcsfa&g_fiilﬁﬂc @Fbéher peaks, thus
. a_SEeco rawi ng operation i ch_produces
itostrd R Eng S PR A B P CRE o hron dsuieB hoggng fiver
drawirtgh S’%lec:pwks Qfﬁﬁ]dh@iW? bﬁ?bﬁﬁﬁistimtt&b&%@blﬁfegzr%@%&eCt ed

and p n.the bore. q an er seale ube.

When tﬁggoéeé’ 92 e}SF"é’Ef'd\/gl%/q%‘lé?sg‘E Faklp 68 cansHstedgising the method of
drawingnthbinhes &ctrit Iy Rt oidler S AbaauRE B Ang SERliSH LA
herein‘%%““@ E bﬁl; gl{ee?vmbli}g ¢ s then perforned on the

FRVE SHFARA P Bt @blerfly coppires eplvmlipepimplivlemonefiiesi64 that are

bundledemalfhgidno or Bahkblter BREINS 6F Virk ' i
cut or gtﬁout, 100 nm Nanovvimr e Pr oger ti eéﬂ?gﬁﬁlﬁﬁt&grﬂﬁgw{t‘ﬂm be broken,

&rYEe ¥ichiored werrefteca s Rlnratitppbyorter esbles havika aredetermined length.
FIG. 4hehEENSbH CLIE S AR RS of the glsdsé-?ilgﬁ rl’tb%fgtl%atﬁgd ga%tlee 50 PFIG. 3 taken

the x-ray diffraction charact&ri'stics o
along lgqea?g%-}&. deable 60 includes a plurality of monofibers 64, has a width of approximately
5.2 mm, and was produced using a single drawing of the PbTe fibers at a temperature of

approximately 300K.
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thernoel ectric material. FIG 2 depicts an x-ray
diffraction pattern of a PbTe-based cabl e constructed

WO poodooedance with the principles of the preseer/uS2006/046500
i nvention, wherein the characteristic spectrumof PbTe
is overlaid on a glassy x-ray diffraction pattern. In
particular, the x-ray diffraction pattern clearly

i ndi cate gsen of PbTe peaks and a | ack of
ot her (Pn‘(% ﬁ P F?Cfeulg f’% ETBHE‘H?WEP??‘ﬁén@“é‘Qg thaeable 6 is bunched
to getHeaand]mdténm sdvesat h&dzs\lih tsticdBbsien foprodeM 4 ﬁiuiti—@gre%ﬁler}ﬂwmg a plurality
peaks are excl usivel

d
°f’nd&‘ﬂ‘geag&e%?‘\ﬁwg‘??@ctfﬂ’%?ﬁe@é&ar&fm%% ?P%?aé’h@ﬁ/qub& thg glass cladding. FIG.
5isa &%@ﬁ—ﬁé&oﬂalg}lé’&%f@ﬁ@ga@)aigd PBFE! @a&a@tﬂaﬁ}e% S04 t%eggncf} grawmg of the

§ t he met hod of drawing a thernoelectrica
PbTe fbery el lirdparc- diavarasbinfeas 4 widdh of enpsoxsimmeatiely ﬂg78dam:r FD@6 is a cross-

sechoﬂﬁr\ﬁé\ﬂ ab ﬁl\ée%Iasg@é‘d f’ﬂ)’?@&)ﬁéd c Eﬁe 6?)83344{:? tahal{& 8:%1%% ﬁg the PbTe fibers,

luralit nonof i are
Whereah@lefoablédlas@Wldﬂlmfaippabdlma(ebrzmtrmnn) of virtually any

I thg b t th
secti ofldSiE 69H&%&ce 2o BoF (ot e etinumionfe piesoncentration of
wires hathie egble 1mwes &r 71 07éand. é]’l@tsé‘lm1ﬁb§5ru(4uﬂe§ &y WURESed using optical
view of the glass-clad PbTe-based

tional
and s SOARE RERGp SHrasor sl BVl oy ik “Bey AR esTsgtroscopy may be
emploiyad twﬂmﬂtﬁg@uﬂ}&htﬁcﬁteﬂﬁe M@ﬁdeﬂﬁff%’[%u&ﬁ% the Wad! HlaP‘I

teI 5. vvas produced using a single
dr awi ng—of rag al@iper at ure of

gl Oxlmotigh ﬂsP%eodfftAe i bickh RVl A
nt of the i nvgntl on the cabl e 60 | s% t&%%wadld clectrical

conne?tb"g}té‘[ e ghss sabeddrd fhetetlans thermatirs lengihcafdbs pane.t Blectrical
conne@iVAEUS @adll y Bt drisGHe8 ke@rn%ﬁ % s@!am:@l)f ¥ c?i e gt different

i ndi vi dual thernoel ecfric flbe are I nsu
thicknessgs, AgemHdigerie s Pstergd ng’@ﬁ@ntﬁt@ddxfﬂge inFei@iont thesreastance of the glass

claddlﬁg Qﬁiﬂio‘iﬁ Qﬁj{ aRahoMeOW Q) dlrécfr mb @dﬁé& %h%keﬁg 1§gl|*x§u tg)?%rders of magnitude

le 60 after a secon
hlg}leﬂh@ﬂ%@@hdpavmmblﬂeerm@slea&wfmms of approxi mately

2 78 ti on Vi e
. | ass- %@?u ezlstgl 6ctg gpméec\(fthy 8%3}%Wﬁlboelecmc wires
are in thee fome opﬁb'tgtoﬁls’b ef EbTewhmpelred ﬁdm ﬂmqhbﬁ)rﬂla&‘onomn@tthe &he of the fiber

: Xi I trate the
draw“%oﬂéeégo pgrf.ggé} éft § %9(% ostr E’é’ %ta%%e quﬁié FRERIeFIRCi voiFpssmbedded in
the glag rsepproximhelyc hbha 0rﬂ6§se a}&eﬂletdﬂherll@n& O resIMBRE of the glass cladding

[ ost uctures na @r |ng optical and
w1'th01.{srI élgerl]'ﬁoljc] ge e Elbagjc)g)p SBVi mg @ of magnitude higher

than thenhef thy PGMTS{m{&Idﬂé‘d sqhted. rose Qiﬁ’er&ﬁ:k‘ iR @le%ffg;lapyﬁgtélge indicates that the
n

u i.ndi cate the presence of PbTe wires |
sloss-GRERRTRGETY pists dSfst W dls e ot apseribod herein exhibit lestical
connedfivétyaadng bhe atd @the ofi@t her aspect of the present

i nvent nvol ves the continuity and el ectrical
conne cif ]I%g % é#‘a’{t éusgatiag theBedatistancemndRb Ty @hb‘: GOhafter the first

drawm@ﬂiﬂth@Pleré"ﬁb&s Of/hérBR) 68 l?és?star{%le%?ttﬁé &%he @gﬂ? h%ltttex ]@gamst the

qiﬂly denonst r at ed by determ ning t ,
electrigal quireny|(ampg). girpastieer, thy RRresistence ofshoratila @Otsteadily decreases with

an incrRASh eSS ] G SPRY &fahqnu%aé%x%ethé Bﬁlie 1spatnbe RP fhe cable 60 after the

resi stance of the glass c
secondidjavingetfdle PhTe fibersswhilp & Iﬁlé?jmta‘rémetl lﬁustramnghhelD(Yrekl@taﬁce of the

PbTe AbR&0Sarlf tﬂ@gﬂhtdyzﬂﬁng of the PbTe fibers.

A preferred cable produced in accordance with the principles of the present

Invention preferably comprises at least one thermoelectric fiber embedded in an electrically
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hi gher than that of the continuous thernoelectric

fibers. The sanples used to determ ne el ectri cal
waeoeomen2ovi ty of the thernoel ectric wires are POT/URE06/046500

formof "buttons"” of PbTe prepared fromthe preforns

foll ow ng the one of the fiber draw ng steps.

Referring to FIGS. 7-9, the resistance of the

. . .gctric.wires enbedded in .the_glass is

sl BB SRR et Sl B e contnment

Accondewg tetthepeefated dmbgliment ¢f thd @H%ﬁti@h,@k@kﬁh of each_ fiheris substantially
thermelﬁ%gcw res is re than 10s ohns, icth is

equivalent to'agw & siggle fryitaly Udee tregneslectriamatersal, whereheeach fiber has
substanbidity eneneettadygaldRatatibhl STHdigé@res Q%IS gox%k_)ggésr 4 &%lrality of fibers that

P esi stance indicates that thé gl ass-
are fusqd Qrrintereditegstherishely that thre issilongrieah eomsctivitg betweeniatabic fibers,
AltermagivelyDtiRds RidetflaEdiiec Rl LY LOMLPOE g Lo
e o her g et EdeEy ey PRREER bl pOUE O Ende? of the cabie
resi st dheelass chgtimedabthe @blegirtferabiyeothprisds a@leddtiilSfinsulating

' in.the resistance of the cable
materfal St Sk o BBty AP h b G oBb i K St e tuch o pyres,
borosifegg @Juminasifeate, guattay and lead BOuridsisiicarc Thefthéh IR iEmaterial may

Il ecreases wWith an increasing current. FIG
be chefith Hoffthe ot KR ARFE o hpetflon s Biab hidloysmdsemiconductor, such
that the disrenoslecaid mateﬁh&ﬁﬂﬁ&@edﬁéﬁ&kﬁﬂné&iv{tg ﬁn%gl-[&tmn%%%nement along a
e

while FIG. 9.is.a.chart i]lustrating t resi stance
predethingd Woipin Ot ooby S et el panarere tepmieaiThe Z3tfagtapof the cable is

preferitiiy at fealte s smoks ety adleean] £ nikss® 9&?&% it R&EP5 dance
I nventl on

Wi th tg_g I nci%'gs of the present’

pr ef er Pg L8556 (8 thermaglgetrig devich eradvepd by girenthinb@nfinement in
nanowéred edisletlided. @heakBRH A G Y WS s LR : :

" \Maﬁ{ye(iﬁg the thernoelectric @?gé%{:ﬁ%xt [ btﬁ{: gpéﬁﬁ%ﬁ?ﬁ%“‘m can be
practiGed by, qtherdhan thevagpus Frgbediments apdatrefierred cabbdthents) twinéh are
resentddSini tRiX QI35 dr i | f | | bstanti al
? equi val ent r?gmgqc\?vi dﬁ&gfg ogﬂglfs %Sflggg{l%/é ta?%%?{t%ﬁ) g fnd the present
inventiopds Kptted only by thetcdgims|thatthBowi it isaotedfthiteiquiiasents for the particular
emb ' : | orientation. The
oS WA silp ERSASRR SR BrocHle X Bl eimnagget o

are fused or sintered together such that there is

el ectrical connectivity between all the fibers.

Alternatively, there is electrical connectivity

bet ween some, but not all of, the fibers of the cable.

The gl ass cladding for the cable preferably conprises

an electrically insulating material conprising a

bi nary, ternary or higher conponent glass structure

such as pyrex, borosilcate, alumnosilicate, quartz,

and lead telluride-silicate. The thernoel ectric

materi al may be chosen fromthe group consisting of a

netal, a sem -netal, an alloy and a sem conduct or,

such that the thernoelectric material exhibits

el ectrical connectivity and quantum confi nenment al ong

a predetermned | ength of cable from several

nanoneters to mles. The ZT factor of the cable is

preferably at least .5, nore preferably at |east 1.5,

nost preferably at least 2.5. Thus, it is seen that a

t hernoel ectric device produced by quantum confi nenment

in nanowires is provided. One skilled in the art wl|l

appreci ate that the present invention can be
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practiced by other than the various enbodi nents and

preferred enbodi nents, which are presented in this
walemanr@bd on for purposes of illustration and POL/USL006/046500

limtation, and the present invention is limted only

by the clains that follow. It is noted that

equi valents for the particul ar enbodi nents di scussed

WHATQs@L§IME§)Cj’I ption may practice the invention as
well . WHAT IS CLAIMED I'S: 1. A cable conprising: an

el ect rically insulating material; and at |east one
fiber éntrblRieemprsiegianslesttiedllyinsyatingsubatiahgnd

NBt184d: Bhe ﬁ‘ﬁ@xeérﬁb&ld%&?xh }Ie ek?tﬁd’t%ga?{mnsagténr% Imﬁenal

thernoel ectric materi a
cwheteheeashtfibep comprsesatthernudel edtre maif;n albtiibitihgauahilconfinement.

of o s oAtk ol Se 1o bARIELTs g hieses Fbtr s Bty sauivatent o

width Fhe singhd @ysthl ef the theﬁno&!‘l'%@theirﬁlat&@ﬂh fiber has

sgbsta |all¥ﬁ1;[.he sanme crystal ogrientation. 4. The
bl © GHBIF 0F S1aitA &y WhRFSmsach o Bs Frbstaatipldy iesame crystal

orientdi@ivween 2 mcrons and 2 feet; and each fi ber has a
di anet er between 1 nanoneter and 500 nanoneters. 5.
e cabhecelileofslami, wiggii n: the at | east one fiber

CQIRR bR Bada RingfiAbdth YorP3 E-L ibBGE Sna 398 %ed{ en ot all of

el ect rical connectivity tween sone,
t $peh fibse has a dianptrs betden lofianokmiten ahd SAemadmetiehe

es ect rirgakinfc bPSM r?tll Rcfipterial is selected fromthe
0

group consi sti ng pyrex; borosil cate;
dheat lees!i anedttes compeisesz; plinedity b&fibets;jhe- si | i cate; and

7 The cabl. e, of 6 wher ei n
TP Bt LS ER Yoy Lo BT e o Porhah Mecibess
o naL yThe ﬁTfﬂao?clarlfm fhj ghammﬂhmm&&mﬁllglflﬁ%ﬁatﬁigﬁﬁ&bﬂms selected from
the gm%gt L0 tcl;%%?f o)gp)g,\;ﬁ%ll’%é Cﬁﬁmgl%frxg%(gﬁllgcaz?ea\ﬁ[ug%%éﬁg{tgllur[qiﬁ;sﬂlcate and
combn@aimhlet}m‘re(ﬁﬂ aim1, wherein the fibers are manually
d% E} hef ablg {lclalml wherein the
ther noBRreea ?8 1P Wherein thg elsciricglly inswlating matetg) comprises a

blnary,aeﬂﬁryabtn@hafcon@pdiﬁh@élassasm%%fﬂre netal ; an alloy; and a
sem conductor. 11. The cable of claim1l, wherein the

ther noth%sd ‘?E ?H%ﬂd%hefémfbﬁ ifibees %E@Oﬂ@ﬂcallﬁhthawahismgaﬁber
draw-t&eCl ai m 1, wherein the thernoelectric naterial is

selected fromthe gr Ouﬁ consi sting of: Bi2Te3; Si Ce;

and ZnBhe caple ofclaim houheseindhafibacg 2ac traenathedrestr i cal | y

aet | vern@apid &f cihith # Whash il aldh0%ecd2e aterial is selected from the

group consisting of: a metal; a semi-metal; an alloy; and a semiconductor.

11. The cable of claim 1, wherein the thermoelectric material comprises PbTe.

12. The cable of claim 1, wherein the thermoelectric material is selected from the
group consisting of: Bi;Tes; SiGe; and ZnSh.

13. A method of drawing a thermoelectrically active material in a glass cladding, the
method comprising the steps of:

sealing off one end of a glass tube such that the tube has an open end and a closed end;

introducing the thermoelectrically active material inside the glass tube and evacuating the

tube by attaching the open end to a vacuum pump;
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10

10

nmet hod conprising the steps of: sealing off one end of

a gl ass tube such that the tube has an open end and a
w@b@sem2end; introduci ng the thernoel ectri cal | pCHUS200€046500

material inside the glass tube and evacuating the tube

by attaching the open end to a vacuum punp; heating a

portion of the glass tube such that the gl ass

A RN N AN

the V@nmntslueh Chean thexi pmrﬁgl)t helted glasdrbe ptdviges Rt eﬁﬁ}IBd’@lhe Eﬁut!ﬁﬁmg the
f.irs ng_operation; introduc

themgglﬁf&tﬂ'lcén Slﬂ?latf’hﬁer\’ﬁe Hed fiFt Arasens opeiatianl y acti ve

mdteddueing th @nidoliRAonBniele Yilemh
t enper atnli:,I re \?\?]t% hin the hlegt i ngede(\;/%}%cgﬂéél}@ga&l&gfn qi¢rigl into a heating

devicg| ass tube nelts just enough for it to be dravvn and

dispbadthef th@%rﬁ Qhndl 438 t!h@ﬂeétp-g ?(I:e th Iﬂég %%lggsttlul\gee melts just

mat eri al” such hat thet er noe Fical
enoughdpeititabe dsysiand quant um conf i nenent . 14 The net hod

t he st hi
{ ey Bobed o it o SO %5+ Bl soqh it he
thermpelpetrically Mg@tmacnalammtmed;uamungcmﬁmﬁfenﬂor e ti mss in

sygces uce ti-core . cahl e having

p:ilgr al ﬁ?‘gqn%tﬁ | IRy zl? %PW&M%%W%@ that ar e

i bamtmmefﬁm efiglhss0dl i thefiiod] B@riBAIRB St ML todether; and
nmet hod of claim 13, further conprising the steps

of e%r%‘”‘é‘gl?“ﬁé’r e ét“&?én SPEESFObioy REOfivige? Ib-pete cable having a

plurality ef agljvitedl thet RGO Bb & ﬁ&egreqﬁsﬂla@a 513«09}; 8gbt JRE'BY the glass
i nt o anot her gl ass tube having a seal ed end J an

claddige:an end; evacuating the tube by attaching the open

emst tomeh@éihkb%pélﬂﬁn 156k th &% A% e gl ass
suc at the gl as“aglartl al'ly I]rigeﬁltésp% élgcol | apses

é]t‘mﬂh g suelasd Sivers ip ofthepigensti al |y el t ed gI ass
t HRRARERY e Siealy @f’@%‘élc éﬁ%‘%}g ngotf’xle? gs Gi'uﬁef %avang a sealed end and

gl ass clad fibers; Tntro
an opgReidi ng devi ce; i ncreasing the terrperature within the

heaichak | S fube nelts just
enoughﬂl glt't%%t %yﬁ&%ngf\t}tlg t;g it Vagcutl%tn%p’of gl ass
chegging lagnonben Qf:thGIghﬁSItn}mebh Vet ﬂ’&i gas;s@axﬁﬂlmeﬁy&&t éllapses under

the va&ﬁfﬁ#] ?ua}i’xat}ﬂhﬂgaiaﬁ@"y%m e? ég(f?isstt% fh }ﬂqreg arft Iag]@rpf}]@ c%)gtantlt-rrt]ge the pieces
of glassgipdrfitbess a vertical tube

introducing the ampoule into a heating devtce;

increasing the temperature within the heating device such that the glass tube melts just
enough for it to be drawn; and

drawing fibers of glass clad thermoelectrically active material to produce a cable having a
plurality of multi-core fibers.

16.  The method of claim 13, wherein the heating device comprises a vertical tube
furnace including a central lumen for receiving the glass tubing, the central limen including a
hot zone for melting the glass tubing.

17.  The method of claim 13, wherein the thermoelectrically active material comprises
an array of metal, alloy or semiconductor rods embedded in the glass cladding.

18. The method of claim 13, wherein the thermoelectrically active material comprises

PbTe that is initially in granular form.
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furnace including a central lunmen for receiving the
gl ass tubing, the central |unen including a hot zone

wo eoo70d209 ng t he gl ass tubing. 17. The net hod BET/TEENN6046500
13, wherein the thernoelectrically active nmateri al
conprises an array of metal, alloy or sem conductor
rods enbedded in the glass cladding. 18. The nethod of

cl,gi m the he nDeI ctrical]y active
1? eri z]:lil:ill e?‘%r. gg% PR v %‘F‘W e thermoglerticaly getayaimaterial comprises
Bi,Tef,BiMe® Zn¥he net hod of claim 13, wherein the °

tg no ectrh%gl¥¥ active material comprises Bi2Te3

Si &ethopot gigin 13, whereiwr the plasprladdingieompirises dreelectrically

sula@ih Sﬁat@iaatd@lw@d GNP tHeSE SufBorh :

i ggrlal felected fréﬁ?&%@ gréﬁ%kcong?§%1Rg&%*éﬁ%yg%QFmﬁhcme’
quart?; gpd Igad telfunde-gilicateosi | i cat e: quartz; and | ead

t ol | ur intie nidihd £8H Gaird 13, dGefiRt hod of cl ai m 13,
wherein: an el ectrical reS|st ance of the

t reelpslicabiesistnte péthe thedowattettid fibdrh embkadal inghé §198s is less than 1
ohm: glf@n 1 ohm and an electrical resistance of the glass
“claddi ng wi thout the thernoelectric fibers is nore
t hanlet@Rabiesistan2@ of theaslass tchddimf withdit ihd BerMb@EREHDP fBers is more
than IWk g{’lﬁh‘ of each fiber is substantially equivalent to a
i ‘'of a single crystal of the thernoelectrically

aam ve Thanesthal of Adim Thewh@binetwRikh 6 &ldh flvar lél\é,%%&ﬁh{‘any equivalent
" (BE glasslc ad {%tke)tﬁrs are fused or sintered toget
0 a WIHR AT £ e FEStel Ydhe thermoglegtEically agtive metariakt ed
eD8l- t 0TeBthethd oft d1SIHE13 Swl'ih‘i‘el!n%@ %@Ls—@llag ‘H’o'étl cagla ﬁ%sed or smtered
0

connecfi on betvveen the fibers. he net
togethgnsu &hetibers ar %@PW&@I&Y £ennertsd esd-4e-end, sk theye is no lateral

electrihlboah&fioch BV ELI the ¥ibbrst hat there is end-to-end
el ect r| cal connecti vi tg/ bet ween sonme, but not all of,
t %Lé g‘g? gq_ethod of claim 13, wherein the 1nd1v1dua11y fibers are fused or sintered

together such that there is énd-to-end electrical connectivity between some, but not all of, the
fibers.
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