| NTERCONNECTED NANOSYSTEMS FI ELD OF THE | NVENTI ON
[ 0001] The present invention relates generally to the

wo e@7011365 nanot echnol ogy, and nore parti cul ar | RCT/US2005/028893
i nt erconnects for nanotubes, nanow res and ot her
nanoscal e structures and devi ces. BACKGROUND
| NFORVATI ON [ 0002]NFEERTENNEUTER NANOSESTBMS needed to
make the equival ent of a nodern digital or anal og
circuit out of nanotubes and/ or nanow res have been
denonstrated in prot oth , and el ementary
logic circuits have been denonstrated. Various

[000SEAr ghepRsdhbiRertlonirdTRes ddiahllyRRRYMidle bNemetetia®logy, and more
devi ces are superior to CMOS in_various nmetrics, such

pargonlari pisepoBRegider nsBptubGSHARO Wizes B oot yanoggglergiructures and
d@xﬁ erly phrased, these clains are true. The
erlying, unspoken notivation renmai ns, however, that
the devi ces are or can be smal |l er than spati al
resolution limts poSAGKEROUNDINEORMABION whi ch woul d
prow de a route to extend l\/bore s law into the domain
angt &R0 ALY éQlQQd%ht A0 ARk wﬂalﬁé&m fal or anal
@ev{]ces SSeveﬁg'ce)lped‘]ltcoS date have eg%l conlt acted by fgfial or analog
cilmtmmg@ﬁphotcbdsIayd/blampwacselmveb®o dewdwestated i grofotypa expegiments,
én%e?lléater% C?egﬁzgcgrlglé 5 ave Obeell ér%%) Vsterattg?i] p@'alzoél:,srglsref?rggcel?a?‘%n Ql?i%ned that
nﬁfovdlﬂembmgﬁt&[ﬂaymes'rdﬂes@@xﬁcﬁ% CMOS‘Iing/iand&nﬁetﬁ%, Qich @slirdnsyonductance

ossi bl e th nanowi res and hes w || t b i
p ré?‘élﬁ‘ihz’éa’o Hite o R ARARY PBT25 %’ﬁ%ﬁfg%l{ﬁlﬁérel@ec Efﬁ‘f ‘é&‘l%é}ﬁ‘ng’
uﬁdpbmgﬁ(ﬂ%ﬂltﬁﬁldnﬂrns [HAQBA:, ihauhd ddRbL4r8 Bt cadbe Bmﬁlféi tt}hhfl @patial

schenes have recently been proposed to tackle th
rqsoﬂp‘@on;]gnm@qsecblpmhmphyowhlgly‘gﬁﬁﬁ @rovulgaﬁgutpqto extend Moore s law into

tﬂga‘é&%wmﬁ %a bricated wires, it is possible to

ress in 'y 2N nanowi res using a binary-tree
[00BL i p IThemamgtu@e hehmnogire devideh devepped oglalzdtaveaen tbgacted by

i.S. beyand the limts of [l.ithogra t he
B R iR R P BHE PR 6% R M RO Rty Sl parale
plocéstiagiafiaea nhnbsisadis, 8@l 16 theWcbiBstriad] SinliR e BMogiaptly. The potential
could in principle be nmeasured _ after the manufacturin

high-ewsify cirgyiirppeskiple W@crwﬁv\qw ang gaiotubrs Yillaeh be eelizeddipac
n¥RA aH@%{@ hlﬁélspc a&ﬁ%ﬂé& ]5}{1 re, specific to the

nano- | ev physi ca ects. [0005] However,
[0Q04jor e Fardrtoteamt anchitdctural mlemolme ctcently heew pwgoset &t tackle this

.allows efficient inplenent n a | a .

g Brobiehty s hADAS Ot SUiRReRtab b S ispossibie t

a&lﬁés@ﬂdﬁﬁ@aﬂ% eVrpdratyre e HRm-Sre®fhuliple®lngScheme. Smce the spacing
i nt erconnects for nanodevi ces _.and nanosyst ens.

belEAhe RO sy s bexerdpiedinitnt Jitheararhyp egdrctrical C@%%‘BOI%S&W%H
tHe nFhdwiteB 8nd MUEREPHRALy fabricated wires are random, but could in principle be

measured after the manufacturing process. With this technique, each chip manufactured would

have its own unique firmware, specific to the nano-level physical hardware defects.
[0005] However, a more manufacturable interconnect is needed that allows efficient

implementation and full scalability of integrated nanosystems.



[0007] The devices, systens and nethods descri bed

herein provide wireless interconnects for nanodevi ces
war@7oasesyst ens. More specifically, comuni caP€DNS1005/028893

or froma nanodevice is provided with a

nanost ruct ur e- based antenna, preferably formed from

but not limited to, a sindWMRYl nanotube (SWAT).

O her nanostructure-based antenna include doubl e

[Oﬁmll edDesribtd Hebey ars exdnepdary ewbodigentanowireless interperaects for
ARG Sy AP b Gl S R ePawiesquiy sad grongt inended o
ligft ehel ifkeendophysi cal comruni cati ve connection to the

nanodevj c while at the s ti, allown ) )
OB B un bt s BEteRB RS PR CHBNEAATT Bl B eless interconncets
foR AHREENES 831 RnoBiiemis AR08/ e Bally| &)Qfgﬁlmcﬁhoﬂfé%r from a nanodevice
enbodi nent, a wi'rel essl i nt erconnect ed %stem

isiprroided exditha nemerseeviechases anfenen, REpfually {Pemed om gk got limited to, a
. I e

N e e B

ndnh@bes sensitandodting eainasred, mettlennavirckhad thahibe ellicase pBa

configured o conmunj cat t he str cture-.based
DR DPOOUBTS RHEHGE FEACa BBt et e TR grve
cdrdBtios & 1P BardBevidl, RRTORTRLIa0E tlﬂﬁ@ﬂﬁ%ﬁig%ﬁinhﬁﬁicwmaween the

formng a nanodevi ce havi ng a conmuni cation | ead and
nanedgyiqerngd athararepaderises ofr eBHdLYsEMEenna to t he

n.cat.i

e L B R o R Py ice with

a TowgETicsesbised aitemya aoupdedsberctnandanpdsidmsyston corfaghred to

GJ%%t Vtsﬁt@/ﬁ% n%?o tﬁ\blger%gnﬁ Og? pangds r}x&lrctélr {;‘%e(P an%nglill The nanodevice is

cdﬁlﬁgﬁje@&Sdomnﬁdnada&mvbﬁth@@aﬂomﬁﬂabasemaﬂtérﬁnm a first
devi ce d wirelessly receivi q)g i pformati on at

an
[088Y 0 n d Incpwgthereembrrisneal i3 thqded forigarmedp tereonmefied n"é‘ﬁi}’ stem

inSRAQTHARY b fHDdEEcehalRR A oStk desdaNl G&pﬁlg Q—ﬁ&nolstf’ucture-
yet anot her enbodi nent, an interconnected sys

baspdintehes tethe porsmuidengion deadin Breferabl dredoeliniged a \Wwétfwgwased
0 h K i t

an engxg Itoetgg %c%méel\%”c 10% %elag gg hlgs%% 1 2@%(3 c@rtbgg ?ﬁ?ftqb% I?)ﬁ tﬁe' 16t

[0ang]t heln yerindiereanbodiaent) a”thethoxbasﬂuenmmdlcatyng\mm a nmﬂostdm&red

a first device and a, second device rel es
e oSy T CRS I ERBHEOTe B SEYIEe 174 Gl ecaiving
inf&ReAch H8%4ORS dévide WHSSInat RANBHS SUBS Bz 3EREd ABEER I nano-

[0013] The above and ot her preferred features,
stiugeiragcfieriige var i ous novel details of inplenmentation and

(BB LR SUFIILR MR B PO Sl o

seaodi @mca trellesslit colupleﬂ beethe Fiast device] wheweinlondef the first and second devices
. under st oodt hat the particul ar nethods and apparat us
SAM8NEROWH by way of illustration only and not as

[OoiL 2yl t atrd RASnotHRS eMbddimER, nrftercshiRodd Bstehiiasiadsl firbiedvitdand a
the art, the E i nci pl es and features expl ai ned herein

seqend dswice iplsgabtconpled & the st devdcenhepin 98° elibe frshiksecond devices

includes a nanostructure-based antenna.

[0013] The above and other preferred features, including various novel details of
implementation and combination of elements will now be more particularly described with

reference to the accompanying drawings and pointed out in the claims. It will be understood
2



BRI EF DESCRI PTI ON OF THE FI GURES [ 0014] The details of
the invention, including fabrication, structure and
woperatizen, may be gl eaned in part by study ofP€TES2005/028893
acconpanying figures, in which Iike reference nuneral s
refer to |ike segnents. [0015] FIG 1 depicts a
thsﬁhep:&tiélﬂarmrﬁet}mde argikaprphEes yreshdmxdbmm ofdﬂusaation only and not as

lna &ng%g?vglﬁ%: ﬂg%\étl,?%ﬁ? 8}{ {}1001 ]&5 :1% axg,f gﬁ;ﬁr}c%les a?uli ?e%glres
edpMiRdGeRiEaiest adlesY s @ioud Hdhimefdutembodiagitct s a

bl ock di agram of a carbon nanot ube receiving antenna

and dipole transmtti 0018; FIG 4 depicts

a graph illustratirEeds ETHRLCOIRES ont s of t he

car bon nanot ube receiving antenna shown in Fig. 3.
[OE)@{]19] Thd des4iQ WF the bxerefiiing thelulia fatleatidngstrvesirednd opaktion, may be

drawn to scale and that ele s of simlar_structur
glggnes ifHeart Ry 781dx Pgthﬁ EROMRAIg r%ﬂf%sww g rpiieace nimerals refer to
likekehengce nunerals for illustrative purposes
t hr oughout the figures. It also should be noted that
[008d f | BlG-dsdegicts agnhamatin 0€ prfesg emplafygeitiodimpniofgnano-structure
d%ﬁécrlptlon of the preferred enbodi nents. DETAI LED
CRI PTI ON [ 0020] Each of the additional features and
[00e6ichi RIG. 2lideidtos Bidclbéibgumrodyndxexetiplary eetbdemaodnahtgrconnected
or |n conjunction with other features and teachings to
ng5e%5te8le wi r el ess i nt erconnects, such as
[008N0St FHG!IdBicRaSRt kMM 852 et RAROEAYEPESs @na and dipole
nanosystens. Representative exanpl es of the present
trgngpéthing grennghi ch exanpl es utilize many of these
iti I
A e R S S LR
nabetube tecoivinp antefirarsboweintlog.t3he at t ached draMAngs. Thi s

B SRR B Rk B8 - B s ofsimita
stiIcRISdsiof FiRgtidHs @feeg’eﬁﬁﬁillﬁ‘éfl‘éé‘én&d(bﬁf likORFRERS Qﬁhherh@ deHilagstive
and is not intended to mt the scope of

t he
pyrpRrentiryghout erfigpise-e !t 2lse Miuirkls noted tht tyeciguppeas cgheintended to
faéﬁ@a‘?éthghis%%%%f'tﬁé rdterdaUnlbolinigisdet ai | descri ption

may not ecessa y to practice the invention in the
br oadest sense, and are instead taught nerely to
particul arly descri be REAEERBPEEGRATAN exanpl es of the
present teachings.[0021] Mreover, the various
[Oi)%t ur f5nQf tﬁerﬁgdlﬁgﬁ{l ?e%ﬁﬁ’ésaa'ilﬂ Yéaclh ffg’émcﬁemﬂw& B8y be utilized
dependent clainms may be conbined Tn ways that are not
sesprett;lyfqr @1a¢dnymam11 \@nﬂmth@u fcatb}resamrt@qchmgﬁt0|pmveﬂedfelrelqss) interconnects,
ad f r
E}nﬂsgtxéucgl]t ase al%t gs %Ic?r ngl:rch;%g el)c%esraéls S:imos%s etms 4 %t ﬁr%? n*altlve

exfaﬁ@ldsi bethe gresent ﬁﬁ'el(ihdnnwhlhb etﬁﬂﬁd’sluﬂhtﬂﬂa@dﬁh&e iddétional features

cl ai are intended to be .discl osed
and teachings both separateijy and in combination, will now be described in further detail with

reference to the attached drawings. This detailed description is merely intended to teach a
person of skill in the art further details for practicing preferred aspects of the present teachings
and is not intended to limit the scope of the invention. Therefore, combinations of features and
steps disclosed in the following detail description may not be necessary to practice the
invention in the broadest sense, and are instead taught merely to particularly describe

representative examples of the present teachings.
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separately and i ndependently from each other for the

pur pose of original disclosure, as well as for the
weeoposeedf restricting the claimed subject nMmaEPCEDS2005/028893

i ndependent of the conpositions of the features in the

enbodi ments and/or the clains. It is also expressly
[062t]led Moatover the vatiave fratimered therrepragthiative eamiplss argt the gependent

of entities disclose.ever QSSi j . ' .
cigis iRy b s D OORSS G F o PREMANE b EHARY LA Hrder o
prai/ide hamstivnal usafil wabddirentd effthd freseptiebigs.ofn adéisibn,iicit exygessly

the claimed subject matter. [002 he di scl osure .
OO 88 G5 G r ea PR e BRET g a e disclosed
s ﬁﬁ@ﬁlanMeg&ﬁEﬂt%cﬁ%ch bthblofor 88/pbRpbseldBriginkl B&tiRre, as well as

ugust 12, 2004, which application is |ncor?orated o

fon Breaiurpops ofiresiaqtia de chpympd subiset Megter fndepenAent ! the grpagsitions of the
fe%-@?es deyi %&ﬁoqiﬁl&% moﬁﬁ@clﬁﬁfs.hﬂ‘j?algcﬁé%fés@§ HotBe g arl‘ldvalue ranges

ovide wreless Iinterconnects for n nodeylces and '
omiadicaipat efgoupvof entsipedisdloseabéry posbimutvimedidtomeluaorgntermediate

fro nanodevi ce. i s..provi ded wt _ .
cn e e B tgr eonste T A il do s gppese obisoiiipg e cleimed
sublot M@ter! i M ted to, a single wall nanotube (SWNT).

O her nanogstructure-based antenna jncl ude_doubl e

(08821 e d Thadisrlemyeeprowded hepmyisiatss g Undstodpteplrovigiena Patent
i : Ihi T f : o
| o1 b Giled A dERS: 19f 284, which applicat ted
Aﬁg%ggér{%g&aﬁlﬁg-dgg@eﬁ a’nlteenna %%Cﬂi m nat eswt lﬁea%pelé?jlotn és HeoTpoTate
heyeio by deferanqehay isetdbrtle omfirdini cat i ve connection to the

R0tk bfBlt e MR bR B gt erommecs
fon ihiﬁlﬁﬂeﬂ&éé @sd fiz[nomfe‘ﬁisd BBy SiceifiBally, ce@nmuisyesive tsor|fmgenanodevice
~than_nanoscal e such as those fornmed from sem conduct or
isfPEtyided afihorhapp W s arfrnag PelRy'y Egmed Byt ap! imited o, &
siREIOGAE S8R rARASWRED)! DlRr ndiBR2ATurdNBNOS hiktbih WicArde @5@sle walled
antennas can be used for other antenna a%pllcatlons as
nageiubes, seneicendbetig nevawirest methhreperirsgniiebkapprd warf ons.
ngngs&%gl?e—gﬂg(? Rrterind %ﬁmﬁﬁ{ég ﬁ}ternlég& #dpFovide eph’ysigaﬁ RGLLDE cRve
nanow re, can be a separ at e ant énna. 1mn° ot her cases,
cdninectioa it narwidenie:, edile Mtahg sagte tipar dllowingaomaninenatie beFogen the

ex | e, .nanot ubes.can be .ysed as .co nents o
R e0g SRR PO e PO HE DR e o Y by g ran nanoscal such
a10PRR ISinted HPRT i ddnd Scdr\PaFicaSontficceaddt aithas CMUR? BhAKItipolar
1 depicts an exenpl ary enbodi nent of a nanodevi ce 10
proggsedsiaed Be Iiker el ess communi cation. The nanodevice 10
[d%% ML LR R RS U hits %éxpﬁﬁ%gd ?ﬂtoﬁﬁpﬁﬁen}lé apﬁi@%né@s well,
nanot ube antennas, that together form antenna arrays
intthdimgt e dotdgnifed s REBL dpptifativhe Iheome sisde sachfmandsaucture, i.e.,
nanodevi ce 10. Preferab eac not ube, ant enn 6 .
GrRr R pearia b6 SRRl AR R S Rb SR o ot
p@N6F ansnenf FelsxetipleOnagoiibastae Bé esed¥EEonthoaanasiabmposite materials
wi rel ess frequencychannel caorrespondjing to that

whegbsanpiuberbrsad jomnasite Magrizhri ey 2s (e #HANEE-channel
[0B25TTUNFEGLT @icH &@Emﬁlﬁ@%ﬁ‘[ﬂo&ﬁfeﬁt ST RGO € cHHEMb 6Bwireless

or ‘outside system can bé received by the nanodevice
cadmurBentians Ehemohdavine d 0 hbemal@plginphistruethre-bagsadaytennas 16, such as

ndnd %gnetgnnlag],fﬂ?art rt]c')agte%hgrnfogﬁ] affenna arrays 11 extending from each of the four sides

of the nanodevice 10. Preferably, each nanotube antenna 16 within the arrays 11 has a separate

resonant frequency and is configured to communicate over a separate wireless frequency
4



separate channel, each of the array 11 can act as a
comruni cati on port where each antenna 16 effectively
W@eag/omsean i nput/ out put connection. [0026] FoPCT/US2005/028893
i nstance, in this enbodi nent, the nanodevi ce 10 has
fourteen circuit inputs 18 per device side, each
chameh entegbntimgdo epascabe fn:ammt}a bka ﬂan menmr, angultiqtiaengln put

acléﬁ%l{ ﬁr gglgsfrgtféed o%i%nolgf%g ev1ce o 8‘?1%51?% E)Fso il {Qntbte %g:elved by the
na%@c[b&[c@tle BbanRa)ash s@otubalo Qﬁh‘lh tlﬁbaimyts 1 U edceives infos@etion on a
antenna 16 receives only the conmuni.cations

sepHBRSIPDPIOeCb LR AR 1P atias § EOBEHAUAP Wﬁgﬂﬁaﬁégﬁ antenna 16
ef%?ﬁv%l}aicksoa‘é’%n tﬂ%ﬁﬁ&dtﬁtﬂ%gﬁfectﬂfn separate, unique anmounts
Information to each individual input 18 via the
[0026 p e cFarvmstanam dis thiseothedimenh shechaperierisn 4& hasgourfagp gipquitFpguts 18
nodev Ve r ot
et BBAER Ere G RO RSB PATRRE e D0 B B0 EANSr cach
ofehdze thpar N arewteasmeitied frbmraanihtmi&mcamt mm@ s.yﬁem@ntfmm $ecparate
par at e esonant fre enc r .of nano
C@ﬁﬁ%ﬁ?é’%ﬂt % é%‘?SPH?}Pfé ‘136 @Et?ﬁﬁ‘% fa%ﬁ%?s 8ﬁ1y§%e °§F§‘?“m"a 16ns
trén@ﬁﬁfé@ loSeritBe feig¥tiiRdednint flyuchéie Biigdloadkie tb@lilﬁmﬂi&ﬁhrate unique
The nanodevi ce 10 can be an nanoscal e devi ce,

armun@esxf inferniaion ipannindyidipinpls P SRRt Bspevhe Nappsirupgre-based
mﬁ&$&ff qure 12 of the nanodevice 10 can range from
st npl e nanot ubes or nanoel ectrodes to nore conpl ex
[002Tegr Hheathnodevs \i § canisvh any mgihaaofctaumbe anteanep oraegfigured to
nanot r ansj st o
e B & DSt dn PEbdiRERS BRar B QoY el e fipea oo
hffletresbhdit SYGlcBHE tRMdmBBL JTaastite raﬁ'ileﬁlnab us ava“il‘able aglretgive data on
acilitate reference to any ap&Hl atus, structure,

Seﬁ@i@‘ie@hann?]ﬁ isigniged oo bycthe weHals BaRdWidh 1 ef er ence to
[Oﬂ?f?oneﬁ“ﬁé'ﬁanﬁcmﬁ:e 9b cskdd dny nQangh@e @é%tce%rldlev&@ﬁﬁf'lﬂg)hanoscab
recogni ze that the term nanoscal e can include
cagtipopetty rgs inthanl smetuted@of tHeaaneleeicn dhearserse fom ginpls nanotubes
Q.includin struct
Orfﬁﬁ?f?er?ﬁﬂ% rsre(f IOLe Compi erétegr %Eag']% )%SE;?n hg'{flﬁg gfgn%?cfbg{ n&lﬂ)@ﬁres,
nAA3RABistods; balf-gshnalsitg DA emhas lik6 Rathednerd, drenteth Iﬁanosmkcrig/not

nanoscal e structure_that acts as.an a
mfﬂné?detp figHt t ﬁw&@m@m me ?@?{% %‘?Séeag @&ﬂ%ﬂet TEITHAGe PEny
ks QB el 5&5@601%[1@% V\%T&%e@sdﬁ@i WEgrefaaRt t@Someters. One of
V%ﬂ%) Each carbon S antenna 16 can be tuned to a
skilbincheaart will isedilyriespenige thej the terp enassalg gandnqludegirpctunegthat are less

e e L L

ngmoabersrigdizenbodi nent, a carbon SWNT antenna is formed

[Oﬁé%glr 2 n?ﬁgséxglgfugqr f)q%gg an(t%ppgso Iiaaget bl Qm;c/: gépnoscai NGucture
chpa%%?ﬁ aft @8&mal Il LpteRHOd &hb@,lmé’r@ Qﬁnos@fﬁlsmiebtﬁéed aS%?H&dESla&
OF SI NGLE- WALLE RBON NANOTUBES' i s |ncorpora

formpdiipm sgbereiagle weled nagotybesi(AYNT s} rash cabey, S VVaTh sntenna 16 can be
tuﬁgd% | Sdof é ?rteﬁlr%g{:}{ l'@ﬁ%i%%n% 660% le‘ﬂ@thc héﬁfﬂ&ﬁm\é’fﬁ &3 centimeter

reduces t he gas | ow of
carbon SWNT antenna 16 has a resonant frequency of 4 Gigahertz.

[0030] In a preferred embodiment, a carbon SWNT antenna is formed or grown, as
described in greater detail in copending Application Serial No. (attorney docket
no. 703538.4093, filed August 5, 2005, entitled "SYNTHESIS OF SINGLE-WALLED
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t he hydrocarbon source provided during the growth

phase. The reduced turbul ence creates an enhanced
wepoo7oosent for ultra-l1ong nanotube fornmati onPCT/IS2005/028893

addition, a raised platform conprising an underl| ayer

of nmetal, is deposited onto a substrate. The rai sed
CMNMW"UMC%&W@W bereindy gefonander ne el pBawgem

ffromthe s t t
corF e e ety Sk Por b Gl AL BT 8 (DR Bt g fow of
ths ibdrbéagtion samde ﬁﬂ@&ﬁb@&uﬁﬂg&heﬂgl@thqiheset dhb eadgcadvtmbtlbnce creates an

| engt hs .on the order of centi
ela@mee e NS R A e
ﬁ%%h %H&lél@?er of Pelall 64 odial 068 isGRFrat 0 Thanitked @latform allows
outS| e system 103. Here, each nanodevi ce has nmultip

the aprsttifisdo aewerashysugmadedizem the geshale If Be AvaNTHETSE gr"éeﬂow This
n r

0 Pl e S GLA0) e BED BRTHREERATS o1

gifowe g engtis anitlie psieccnﬁvbmgmfteid to comuni cate over a

[@gﬂar agg%#a 1€, ssazxd%érﬁg ureyne%r?g) ﬁlﬁiaenp %ﬁm 11) érgoensn &n&j nan%sys%m 100,

indilink GReIIBE besQ 0D BRINAICAILi QY byStbig 185, Hera,ram ﬁatnedevﬁdeom multiple
out side the outside system 103 via an anten

nyetube arpRray | ¢y thitiescHich Buen canofs anisaraAIy | @ﬁc?feéfa%?y’ each
ndIRRBE ek A6 Withid he 118 181 haVa &%’rat@ S56haEReduhQ HBd RRfigured

on a separate channel, "array can act as a
to@mmumicetovens geparate Whikstess Eabncvhamplonepondinptorthaiggspnant
ﬁéacﬁutgislcalhie li]s rlnalg ULF /a(l)nu clljlt n% & rr]nergtg C?’]a%%% %g%z\?/rlli%sgﬁ%éizﬁ%m outside the
ouﬁtﬁlﬂé S}@lefrpllﬂ)B tv1a dmpmteﬁnélHB’ caﬂ aefeceiontigathenhnbdeviced@paBadaese each

tube a tenna 1 The i.n ut signals for eac
nEDe %15 ﬂwefasa?@f EPEIHSIPPREATOR PP B o 3&%}/ 101 can
a ¥4 Bk OR3caM0n o vhee RadahRnkd) mrk@ﬁe&w@kﬁtﬁts as an input/output
communi cation path 104 so that each
comap@inr uct ur e- based antenna 106 receives only the
r
[(frbg onan?ﬂbértegﬁé el% glf'w |d§srﬁ { é’cﬁ naﬁcﬂg\/&&reg)%g‘%g Tiig ?1rcu1t inputs 108,
e&h panratted tolirsepargte amﬂiestnmﬁnal 1960 Thainparsignele fortdaeh of these inputs

TR Y T T —

pah €04 Wtﬁit(é@dhﬂﬁﬁéﬁdctﬁﬂﬂfbgétﬁdn%ﬁhd—% re&eie® bull ithd do@fimiin@ations
conmuni catj on sol ely between the outside system 103

trapsenitiediapidbretesrRast ey sonpr dirdesmey- nBhallostdhs transfen giscpasge, unique
af Y B tith HomOhE Qﬁtsﬁ@gi@féﬁlvl' O@ Q@ ea%ﬁ %dﬁﬂﬁhﬁtl ﬁlbﬁ‘t‘, 108'via the

manner over conmuni cation path
respactivienanowrutOR-haaed dntenpa A0ty nunrber of nanotube

[(@ﬁé]e nn iﬁ? Wg gctoglg%e@ érrl(?sg%t 9 l’%g tnﬁglerhlt ta 2 ﬁr%nm%ﬁlggtm% s‘é)fély between
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[ 0035] Antenna Experinment: As shown in Fig. 3, an
unbal anced di pole transmtting antenna, which is
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coupling a nanostructure-based antenna to the
communi cation |lead. 4. The nethod of claim3, wherein
W@ ouplhiregs a nanostruct ure- based antenna t o t hePCT/US2005/028893
comuni cation | ead conprises form ng a carbon nanotube
on the lead. 5. A nethod of communicating with a
nanostruct ured devi ce conpriGlaiMiy t he steps of
ngi r.ellessl y transmitting information froma first
8\ 88MCSS Wi rel essly receiving infornation at a
secand devwiéessWifteRbimeated bygaat, congrisidg: t he first and
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et HOWNRHVIcE BRVIRGL/He} W RN BUNHRB2SH AHET I QP b AFEty, Wheremn
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b R0 B Lo BARGH A VRBRRAch S asEPliila NANOL UbE.
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wher®iplidghtahesnasterisediahigtoalic dof@sinicatien lead.
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si ndl.e wall inetlodeffrommbmicating witthenanpstrusimrest deyicg icomprising the steps
o erein the nanostructure-based antenna i s a carbon
doubl e wal | ed nanot ube. 12. The system of claim?9
wh e rvgikdlesklly ransmmiosig infoinmation fasedirardeeieland s a sem

conduct or, nanowi r.e, 13, The system of cl aim,9 wherein
{ he HERGEY Pt TedioaRien 3R R qERIos, WHERSHR A leaRte ke first and

sedéhd dEOResSY 8 hefB-Rhuckiaidvie. Wher ei n t he nanodevi ce
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8. An interconnected system, comprising:

a first device, and

a second device wirelessly coupled to the first device, wherein one of the first and
second devices is a nanodevice.

9. The system of claim 8 wherein the nanodevice having at least one
nanostructure-based antenna coupled thereto, wherein the nanodevice is configured to
communicate over the nanostructure-based antenna.

10.  The system of claim 9 wherein the nanostructure-based antenna is a carbon
single walled nanotube.

11.  The system of claim 9 wherein the nanostructure-based antenna is a carbon

double walled nanotube.



16. The system of claim 14 wherein the array of
nanostruct ure- based antennas conpri ses an array of
w@arpom3adubl e wal | ed nanotubes. 17. The syst er€D1S2005/028893
clai m 14 wherein the array of nanostructure-based
antennas conprises an array of sem -conductor _ ,
nanddi r eShe sygtem i elaiy § ety the hagioptrurBirenhased pferng és a semi-
arr of nanostructure-based antennas conprises an
Cogcgurcg%n%rfowﬁ%et al nanowires. 19. An intercoggect ed
systiem ThMPktemi o1glaina 9 frhesin Herinostrucane based egernd is a metal
device wrelessly coupled to the first device, wherein
napsecond devi ce i ncludes a nanostructure-based

ant gpna ¢RURLEE JrRIEE Fherdth thd dho8dadeanial@des & lpRirdNtl 6F
wherein the 'second device is conflgured t o conmmuni cat

=L €
comyanicatien peal ed prartay 0E nIRLEE UEGTPsAR anterpgs coppled 49, plyrality of
Co%ﬁnuglcgjiégr}o%s_v\her ein t he nanostruct ure- _ba_sed antenna i s
or ne rroma conposite material conprising a
nanast r uCbasysteml of wipith 14 YBereifiliee ayaytof mnobtrusfuag-hased antennas
wherei n the nanostr ulct uf,e, el gtrl'{grgt IS a nanotube. 23.

CORRESES 7R PR ofCatoPR FIREL §AFLTEP N he nanost r uct ur e- based

ant @gha The §semldI0Ris 1 Ngheecivahd fthyndnaiosbeturdased Atennas
system of claim 19 wherein the nanostructure-based
CORRTIERT 4R a8y of CRRPR dPrtdfoviicd noRAtREd nanot ube. 25. The

sysyem o_fl“hé:ég@f.eﬁrﬂ kNN € GnBreinlie ABPRThiddstibhReBRASE dntennas

antenna is a sem conductor nanowre. 26. The system
cogiprigds ai mirdy0ofisbiar-ednduttprenanetiiesst r uct ur e- based antenna is

a m?%.al RO %\Q@errnedf claim 14 wherein the array of nanostructure-based antennas

comprises an array of metal nanowires.

19.  An interconnected system, comprising:

a first device, and

a second device wirelessly coupled to the first device, wherein the second device
includes a nanostructure-based antenna coupled thereto.

20.  The system of claim 19 wherein the second device is configured to
communicate over the nanostructure-based antenna.

21.  The system of claim 19 wherein the nanostructure-based antenna is formed from
a composite material comprising a nanostructure element.

22.  The system of claim 21 wherein the nanostructure element is a nanotube.

23.  The system of claim 19 wherein the nanostructure-based antenna is a carbon
single walled nanotube.

24.  The system of claim 19 wherein the nanostructure-based antenna is a carbon

double walled nanotube.

25.  The system of claim 19 wherein the nanostructure-based antenna is a semi-
conductor nanowire.

26.  The system of claim 19 wherein the nanostructure-based antenna is a metal
nanowire.



