INTERCONNECTED NANOSYSTEMS FIELD OF THE INVENTION
[0001] The present invention relates generally to the field of
nanotechnology, and more particularly, to interconnects for nanotubes,
nanowires and other nanoscale structures and devices. BACKGROUND
INFORMATION [0002] Essentially all devices needed to make the
equivalent of a modemydigitahgrRpalash sicubeutpnanotubes and/or
nanowires have been demonstrated in prototype experiments, and
elementary logic circuits have been demonstrated. Various researchers
have claimed that nanowire/BEHBRIFRIELWENTION: superior to CMOS in
various metrics, such as transconductance per width or mobility. When
[opedperlylhhnasesht theseiclainks arestaudlyTheheridad pifegnefrdpokegy, and more
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patlaé’i “te30 Fnits posed by lithography, which would provide a route
detgegstend Moore's law into the domain of nanotechnology. [0003] The
nanotube and nanowire devices developed to date have been contacted
by lithographically fabricatgxh etesinosednidisisraet a scalable technique
for massively parallel processing, integrated nanosystems, due to the
[gﬁﬁgmetrﬁ%éﬁgi eﬁt ngr?o% QXeJ@%ﬁQ&%Hé’@h@@ﬁ'ﬁ%@%‘%ﬁéwgﬁml or analog
possible with nanowires and nanotubes will not be realized if each
cirgatiowief ambhdadtnseiaumtHesdd e deensifateddoaTatetRe BlapEments,

arrCRiiectral SahemesdRMR reee ity ReaRIORAsRURtagkIR tidve claimed that

interconnect problem. For example, using N lithographically fabricated
nafpsepqE fendaes agavRed i JORTHAN RS U iyes transconductance

pé@iﬁﬁﬂfr HeRdBiHtpIexRe sreMEhARaE thitesarigrdatweenetifderlying,

nanowires is heyond the Jimits of I'tho%rgghiy, the elect%al coqrpe tions . i
UKL ROHE S TS Eﬂﬁﬁﬁﬂoé}%ﬁ TESy Pt QTS FSTATE iy s
rebstigonlchiftspraseitle beomadsyrdddaftentderoedataciukng prosdssodidithlaw into
thtlh‘_j[% ﬁ?a?ﬁ‘gﬁn%gb%g%)]ofﬁhi manufactured would have its own unique

rmware, Specifi nano-level physical hardware defects. [0005]
[0BlRYeveTha moribeand fistomals| devitescrtloptistn deiddd whbtealkowgcted by
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processing, integrated nanosystems, due to the geometrical limits of lithography. The potential

high-density circuitry possible with nanowires and nanotubes will not be realized if each
nanowire and nanotube is contacted lithographically.

[0004]  Fault-tolerant architectural schemes have recently been proposed to tackle this
interconnect problem. For example, using N lithographically fabricated wires, it is possible to
address individually 2" nanowires using a binary-tree multiplexing scheme. Since the spacing
between the nanowires is beyond the limits of lithography, the electrical connections between
the nanowires and lithographically 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.



[0006] Described below are exemplary embodiments of wireless
interconnects for nanodevices and nanosystems, These embodiments
are examples only and are not intended to limit the invention. [0007] The
devices, systems and methods desghibegkherein provide wireless
interconnects for nanodevices and nanosystems. More specifically,
[0 muMeatiied telow rerxanndnodericéns:norovidedsittarconnects for

nar{}}%@%% rsuzgﬁij E}%ﬁ%@fs%qna‘%%‘\slré? n%gé%%%' 42 rergggpfl%% rgﬁlblejlt g g}el IS 19 fro
~single wall nanotu e?SW 3‘ ther nanostructure-based antenna
limiji¢hgdeveisble walled nanotubes, semiconducting nanowires, metal
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eliminates the need to provide a physical communicative connection to the
nappdsvigevicd PpksiEnthid QiR e T SRR BERTipR Hl CAtom Betivedsy trs

prvaademicenandather-nanaoaricas QtRHSIHe.SYstaros, NAA8] BN to, a single
spect gf the present invention provides a wirelessly interconnected
Wa@)fgt’é% ecgéfy&@i.n%t_hgr AARSHA -gg—ﬂ%@gﬁwgﬁ%dmbie walied nanotubes,
sern@anodicticirarbased mate nascaupled theligto Twhesein ihensancdevicsds
wSRfEE 0 sommunicate over e nanostieure based antenng 100081 ..,
n afternate aspec% of the prese% invention provides a me fi6do
whelgririhgrsicatingavitlevanp anostnucttivedb devicettonapeisingetheistbpsnefiodevices
or M{g@%e%nsmitting information from a first device, and wirelessly
receiving information at a second. device, wherein at least one of the first
(0048 secBnel tevi o8 isPieifah Bratptietred desscatBeloiefemheicdspaenof
corpRsHE 30REIBMERLIARIRY aMidas AMMIIRIcenResied SYSIRI- G RIIRIRDWRerein the
first device, and a second device wirelessly coupled to the first device,

nanpARSEa SHY B TR FR A LR BB (BN ed Y s RAK AUGHEa. [0011]
[008APthenAspeatelipecpe saiiRveITomPsRIdesiaN diemaniReetunicating with
e e TR B e
andamelstslyctueesbasearamiarma coupldavitierétoci0a 12} {00 dB8hdiet aldbxeond

de@@% ather | Or_g{}q]rcri%%ge&wgg‘s, including various novel details of

iImplementation and combination of elements will now be more particularly
[00dBscridefien araferehibe pethet Socohvpansiity tranirg e doRreconetising a
ﬁrsjfﬁm%é:,lgliﬁ@sé&dﬂéﬂ Lbg-LRslekst L%Iga% ﬁ'iﬁl%%g%!%ﬁ%ﬁ? 9&50%9 first and

apparatus are shown by way of illustration only and not as
second devices is a nanodevice.

[0011] Another aspect of the present invention provides 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.

[0012]

[6013) 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



limitations. As will be understood by those skilled in the art, the principles
and features explained herein may be employed in various and numerous
embodiments. BRIEF DESCRIPTION OF THE FIGURES [0014] The
details of the invention, including fabrication, structure and operation, may
be gleaned in part by study of the accompanying figures, in which like
thaefier pagievlamesthisisefat appiiatisetprrkows. YOGS I iustraigsicomlnand not as
. Schematic of r i C {
1 e L e Bbed o s,
exirleencd hersinanryzrosyistes MORIPHAE! BasHEcRREREgram of a
carbon nanotube receiving antenna and dipole transmitting antenna.
[0018] FIG. 4 depicts a hiilisstoating cemds Gmueesmeasurements of
the carbon nanotube receiving antenna shown in Fig. 3. [0019] It should

[08?4 Ote%@%&&% Bgﬂﬁeﬁl@ggﬁ@m Q@Mlﬁﬁhﬁ%ﬁ?&%@ﬁﬁsﬁﬂ%&!@m@ B&ﬁtion, may be

similar structures or functions are generally represented by like reference
glennetbrapsfoniststy ke prrgBREY MESIRY Ut HERl lestefemaes SHBd pEefer to
Y that the figures are only intended to facilitate the description of the

preferred embodiments. DETAILED DESCRIPTION [0020] Each of the
08 4%ition EF fedrdraic i theatisRd aRSIBSERIHIBMPRILS BY Riftiparp-structure
deS@Rarately or in conjunction with other features and teachings to provide

wireless interconnects,. such as nanag tructure-kl)ased gnéennas,ffor. ; red
08 Modeills AfTPHh Eﬁiﬁfémégﬁ’@ A EATTUR IR GP R BB LE emnecte
ndfv@rian, which examples utilize many of these additional features and

eachin oth separatel d in combination, will now be described.in_, ..
O her CERGT W B A A ShACh e A tbR R aipoe
traigadtipigmienmaerely intended to teach a person of skill in the art further
ks "aracting RIsleisa asRegie Al RLesRALIRaRlIcS A0GB APt

inténhded to limit the scopé of the invéntion. Therefore, combinations of
nifectiiescadng tapamuistlosadnif ithe following detail description may not be
[0DFSESSAV:IRRIRLILRD RalMHEBUAR INIDEPEORACH SGNSE PGk R Bments of similar

instead taught merely to particularly describe representative examples of
s%@%pégéﬁ{q@mqiﬁﬁgeneraﬁy represented by like reference numerals for illustrative

purposes throughout the figures. It also should be noted that the figures are only intended to

facilitate the description of the preferred embodiments.

DETAILED DESCRIPTION

{0020] Each of the additional features and teachings disclosed below may be utilized
separately or in conjunction with other features and teachings to provide wireless interconnects,
such as nanostructure-based antennas, for nanodevices and nanosystems. Representative
examples of the present invention, which examples utilize many of these additional features
and teachings both separately 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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3 [0021] Moreover, the various features of the representative examples

and the dependent claims may be combined in ways that are not

specifically and explicitly enumerated in order to provide additional useful

embodiments of the present teachings. In addition, it is expressly noted

that all features disclosed in the description and/or the claims are intended
[odo1be disglecsdr sepataialy Ratindenbnepniyitoneacmpiberddtihéependent

purpose, of original disclosure, as well as. for the purpose of restricting the
I N SR R AR Rt G TR GO SO O L LD Rt e t
préhiiendbpadimbntsfandibo diecolain shd presigdeexpress | yrretdidahat slkxpressly
nolyﬁ%le eatr gg ea%n%r @95?033%8 % t% 959&%5185 gﬁ&%?%hgléﬁlﬁ’r?sea?evﬁ'%rﬁgﬁ%bég disciosed

rmediate value or intermediate entity for the purpose of origina

septisttbpand, indeprokientliofanecply pise fo7 reanienngs weotkinpatisdeiiees well as

2 dhs disclasuiarievided harel rRiRIR dentuTtRd Sak8Sitions of th
fo%\%{é%@% PatentCA}Eé;p{l?cation Serial No. 60/601,2%8 filed on Augﬁst 1131,18 e

fegparsa IhrcprioB iR iR/ midbs soimea e ALIA Biprettivated dbafrdbyabpeanges
ordihI9023]T8 Jericas. SHRBRS AR, matersdasesihad Weiein previdatiate

wireless interconnects for nanodevices and nangsystems. More , . )
eneIr A RER A TSRS OV X LHOHE TP B OldERf ipehe claimed

subRAaskwsture-based antenna, preferably formed from, but not limited to, a

single wall nan tubeéSWNT . Other_nanostructure-based antenna, include
O3 e T G AR R bR e TR SaRe B Rienn P anal
Appiiddhien il hie UE601 23D afed wudtugosbd3cth ekt efiphicrigsishacorporated

need to provide a.Phe\{sficﬁ?l ﬁ{)&municative connection to the nanodevice,

herein by re ﬁrence as if.set 10 . o .
while’at the same time a owing communication begween_the _nanod_ewce

(082 oth@hadevdeitxsteos oudstgthogsdasesibed hapinaneyide gasetprannterconnects

fof! g&%ﬁ%@i@eg‘ lz{ﬁntj' ngr?o%gt%ﬂléo Wg Jg@&héﬁ@!%%ﬁ%&ﬁ%ﬁ?&ﬂ%a&%m a nanodevice

processes such as CMOS, GaAs, bipolar processes and the like. [0024]

is REaMss oGt renBaREH et Ad BRisTHE BEEEIbbolprEIcdftamnhuapplibaiGAde. 2
sidiieNelh nHA G WMo inites i RciRanaigaliansa Ao SAIE Sialled

each nanostructure, i.e., nanotube or nanqwire, ¢can be a separate
na&ﬂ‘ﬂg?‘ﬁ%a?em‘ﬁﬁg‘ﬂc&%é&“ﬁi'@rﬁ%ﬁ%@ﬁif@fﬂﬁg%?ﬁﬁi%s%iﬁa 145A Yritenna.
nanGf@sampesddanoithesiadnbe tisedacpropdaanisyst campoasiteeative

materials wherein, the nanotube;based composite material serves as the
cogﬁ?gﬁ%to[ qié Ol Ef‘he same {1 Q?owm atzonsbeﬁveen the

vice, while 4 e COTAINUN
T PHEDIGE Al SXEMPTATY emboUimEnt of & nancdevice
nahBdeajpallel oflwirsiesdevices or outside systems, i.e., systems larger than nanoscale such

as those formed from semiconductor fabrication processes such as CMOS, GaAs, bipolar
processes and the like.

[0024] Nanostructure-based antennas can be used for other antenna applications as well,
including, but not limited to RFID applications. In some cases, each nanostructure, i.e.,
nanotube or nanowire, can be a separate antenna. In other cases, the nanostructure can be just
part of an antenna. For example, nanotubes can be used as components of composite materials
wherein the nanotube-based composite material serves as the antenna.

[0025] FIG. 1 depicts an exemplary embodiment of a nanodevice 10 capable of wireless
communication. The nanodevice 10 has multiple nanostructure-based antennas 16, such as
nanotube antennas, that together form antenna 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
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communication. The nanodevice 10 has multiple nanostructure-based
antennas 16, such as nanotube antennas, that together form antenna
arrays 11 extending from each of the four sides of the nanodevice 10.
Preferably, each nanotube antenna 16 within the arrays | | has a separate .
resonant frequency and is configured to communicate over a separate
chiviielessréspauiing yodich arsoehodings pandihgttosthannes ananttreauehcy. In
cogl]rlrsi r@%‘élgo%rsﬁ a%a'%@r%%%lfr%%%%éﬁ%g%@ess!’ggﬁg{ ”%Qé%%?gag%f‘ received by the
another device or outside system can be recelved by thé nanodevice 10.
naBekaisd 8ablvqaasotatienteoiwinibtetian Hie srdy retbives Vpforfationooma

sepHRAAIEGPRRNS] PRELALING diA L GABAFhARACATRRUNEAHIOR P enna 16

where each antenna 16 effectively acts as an input/output connection.
efigtely PSP ASSER TR VR PIS CRis6Hent, the nanodevice 10 has fourteen

[06YEUIt IR dEhRemARMicR SidanaaCh ComMMRCIgb i SERAFRS: BAPAIURSuS 18
antenna 16. The input signals for each of these inputs 18 are transmitted

P SO ter BRI eH LR IFRYRtE AT B IDUHEEH 8 farktd A AigBRlsT cach

offhatciaphicn apasiteiimerbhsed anteimnadbosanaiuasde st on fourteen separate
communications transmitted over the respective resonant frequency. This

ch Rl 4 AP A LSS e R 6 A o SRS SO gagons

tramaivicddahiaptie i8ndetitheeespetciiveunanosthistlexsabse tasfite nHispdbte, unique

anfaoath P nanedeNce AQGANAAY G AN EVmASr ALNANGIAE ANIENNAT Ay
configured to receive, transmit or both. In embodiments where eac

anteametulée antenna 16 is tuned to a separate resonant frequency, the

ioﬁé‘ﬂ‘berﬂ{J&?JﬁB%@%@M%&Hﬁ%@xﬁf@lﬂ@@ SPAGEAINR SRIR00 1580 ed to
channels is limited only by the available bandwidth. [00281 The

regRaYio JavRERItE both- bl smpedinesE dae frck nepeRbRa kAl rahioed dna
scCAMPARENS: ARQIRISIIRY SEHELYHE A ahiReNBARASY G HEAR FBNGEe data on

rom simple nanotubes or nanoelectrodes to more complex integrated
sepiAlSRaRaIFs HAmighamshibe axaiilifeedwidivtransistors,

{062t asserblingdeNA andakhbel k. fatstekdevesdhe terdlaRagcalgdsA16t
intended tQ_limit the systems and rgethodg here'ra} but instead to facilitate
CoRRREPEe VSR BLAPAE Chaeitr s BRSlS  LPOT AP AR Bgnorubes

U strdctare qevice, thing or OBy
orwitivefaredeadomanameiersn@meaf ngkilkystthe havinglreadibesocognizes,

na%ho%ta%hs?stt&rsﬂnséiﬁ%‘sos%‘%%fnﬁjmRCA}T&?;éﬁﬁﬂ%ﬁ%&éﬁ@%%ﬁ%%%%énﬁhn%rﬁoo Ofle is not
nanometer n size, while also including structures that are greater than

intt0da! odmoitibtorssiensizad methods herein but instead to facilitate reference to any
apparatus, structure, device, thing or object measured with reference to nanometers. One of
skill in the art will readily recognize that the term nanoscale can include structures that are less
than one nanometer in size, while also including structures that are greater than 1000
nanometers in size.

[0029] The nanostructure-based antennas 16 can be formed from any nanoscale structure
that acts as an antenna. In a preferred embodiment, nanostructure-based antennas 16 are
formed from carbon single walled nanotubes (SWNTs). Each carbon SWNT antenna 16 can be
tuned to a resonant frequency by adjustment of it’s length. For instance, a one centimeter
carbon SWNT antenna 16 has a resonant frequency of 4 Gigahertz.

{0030] In a prefemed 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
5



[00291 The nanostructure-based antennas 16 can be formed from any
nanoscale structure that acts as an antenna. In a preferred embodiment,
nanostructure-based antennas 16 are formed from carbon single walled
nanotubes (SWNTs). Each carbon SWNT antenna 16 can be tuned to a
resonant frequency by adjustment of it's length. For instance, a one

&RM}W@@E@W&W ﬂ&dﬁasyaé&samntﬂ@egﬂgaqyrﬁm system

Gigahertz. referre ent, a carbon NT a nna i
C%Pﬁﬂﬂg&'ﬁ?g\ﬂ% k'}Iéié%%cr 58 gﬁmrl?%a‘f’er eli%} PRTOS A mﬁn %f’) |cat%’IS flow of
thSle;dﬁb&\dﬂaoéamnmepmmedtdm@n@@@@%&m%aa‘de(ﬂi&ugmmeﬂ tm@ﬁ;nce creates an
€ Qrgt“:[tla derlll\$ X}NTHIIE% g‘ anotk\i/gA%b 1«? C'ﬁ‘l%%&?t'l\lorll\l 'g‘%%e

Incorpora o herein y refere%ce ina smglae urnace system com rlsmg a
compdmw@wm@moﬁ mhahiselepisictd rotiueestiete rBllericeedpitidogagllows

mioalhe DysiasaRan Senice Pavided S RgiN B AW DNESE Lt ow. This

reduced turbulence creates an enhanced environment for ultra-long

redupsp ARy SIS atfeATRPddRieH T Sedrydbel yhitetarnd SaplesiRy apnotube to be

HQQQ@%@{}Q%W@{@L&&M@%@@{HO a substrate. The raised platform
aIIows the nanotube to grow freely suspended from the substrate in the

[Of turbilh de s an S ame e RIS IR R AR W rEe IRERi e AR BAlRER 400,
inBdhe ﬁkﬁb‘&éﬁ&%@[ﬂt%ﬁﬁh&esﬂgﬁ@@m&ubeio Eeregéﬁmhhﬁdﬂagﬁéﬂlmﬁh&ple

orcti‘%r of centm&gtﬁ tJf003}1k IG 2de tu eaan t%égar‘n lar [in(%)‘ t%fCh
AR ES R 4085 O™ TRANIHR G ARE S eV| ¥f 2
naputsidensysbarn0EGE et am;hlﬂﬁhadewperklasammhiplﬁeqlmmﬂ is configured
to[asgér%g}rga%%a 69 gvteh%tstgg%et evrwfr%[ess%{je 8§ nlt%nl[}gsarr%}%%-' (] ’that resonant

, each nanotube antenna In the arr as a
freparatdrdgomannfieq u@ﬂuylwan@bifrmnﬁ@mﬁwnt@i@mmﬁuma@ bver eutside the

O&SBQE%%PA’ Ig¥ess eaUenty18hannsk 99&%@%8%‘1%&%&9%5@%@5a@ecause each

requency In this manner, a multichannel communication S|gna

napeitbenifb o ikoim briesiak b resaresaniaaiam o a separ g hanrel FITA AR can
adPEsTEESMAEhRYABS panadeMcachAdiBRcauserRactoIpanQ g LR vtkin:

the array 101 receives information on a separate channel, array 101 can
CoORREELD communication port where each antenna 106 effectively acts as
[08B2NPUtFRLTpsEnceneRtimHOdh Fainatanieide 1DistepTbedimeant lap@da 108,

. nanodeV|c§ 102 has fo%r circ |t |n gﬁg ilfg) ach conne(itefgr o s(%pse e
3 ORI AR THE MRS R TSGR A or SATR GRS W st puis
1 (tgauns muttesk franfrdhetln eidel system 1030 rﬁoiummp‘ar&tmabhmei&memmcau on
pa%?%w %ﬁatteagh nanostructure-based antenna 106 receives only the communications
ransmitted over the respective resonant frequency. This allows the transfer of separate, unique
amounts of information from the outside system 103 to each individual input 108 via the
respective nanostructure-based antenna 106.

[0033]  The interconnected nanosystem 100 is not limited to communication solely between
the outside system 103 and a nanodevice 102. Each of the nanodevices 102 can communicate
with other nanodevices 102 in a similar manner over communication path 104,

{0034] Each nanodevice 102 can have any number of nanotube antennas 106 configured to
receive, transmit or both. In embodiments where each nanotube antenna 106 is tuned to a
separate resonant frequency, the number of nanotube antennas 106 available to receive data on

separate channels is limited only by the available bandwidth in communication path 104 or



path 104 so that each nanostructure-based antenna 106 receives only the
communications transmitted over the respective resonant frequency. This
allows the transfer of separate, unique amounts of information from the
outside system 103 to each individual input 108 via the respective
nanostructure-based antenna 106. [0033] The interconnected nanosystem

cadiPRdSRLlIRNIREL0 cRMRUIsREORSRIRMEDeivEeRstiecHiside: SysthRm

103 and a nanodﬂ%vice 102, Each of the nano eviceé 10§.c§n. 1 the Tik
ARSI MRS W ARSHHE AAhSHERASSE ESS TR SRR LRI the hike.
[oeEEPMURNaains Papbrifeh:{0084d]jdwach RignddericebiAceddipel¢eramynitting

umber ot nanobe aniennRsA00 SN eiq FeeaNes HRNSIILSY Bfrising o
A B odimhEnts Where each nanorube antenna 106 1s uned to a ¢ prising
cadeparatetubs onantifieepiemeywiliechugiriserspdiinn of A9 amtenmds e Obhe nanotube
nfRIAIE RARAS SRR SRRARIG AR BlTIRA only by the

available bandwidth in communication path 104 or 6 each individual
[0@¥dnnelln4aoreining dth SprebHsiHUeY BavBeTgewsoAdrckse amelisra the
nall0BLE IR ERRAGIN Qf SY L8 M AOR SUER ARTIME A FOSRSIBRRION or OFF and

multiplexing and the like. [0035] Antenna Experiment: As shown in Fi

.3,
whthghiha) SAtetdipRnbics 4 Sik FAg LIS AR A R FriSTrRIE JrrgHesy (r25Gz) or
ndi(2&-3GHZ),. Was Rlaeasi@RoMiteniChasdiomn a sample SeyipTisNOGWGARaeRith a

nanotube receiving ant nnaiwith electrode spacing of 200 micrometers.
p%é%?&&ﬂﬁé?%?&ﬁ’ﬁ%ﬁm ¥5ffmed in accordance with the method
[oo®RCribethah@ueuHI0BM, shexarnniBigodHedienai e seedingiBisienas, decrease in

using a lock-in amplifier, the nanotube current was measured as

R TR 6 A T AR A R Ty Mol
rangsiapy edeabaH(ER 08 Madtting apiadia theesorianiginegoebeyriin 8B Ha) the
or._nat (fIG T. itH q ' freque
R S A R S L R ERE0H, o
chamgasubel Rl s shoduatimdeiy2a nitighehfesaprer st Bt sidpnan sficiency was

lofecrassdib g ARRRtERE RN SANIHS ARt N e R fadIRERM AL G na.

resonant frequency of the transmitting antenna (f=2.8GHz) was applied to
[0§38]receithy foarrnimBansatbrationviivanentiondiis brandraifedats aivanee to
spadiadrampneiarrersoy aeh M isFRs ARG R Gt 74N ndai FRBBEEatR

the CNT's conductance was not'ceﬁ%@%ea&aus the transmitting antenna
chapgeiney Rrdeadshertiagathayy, STHAF (PRI FRIA A SSaRifs e
inéatigL.aB @ esebingahténna: Q038 inbthiiniene gaing spesifiedtianckbé with other
fe!lrtll\x/reegts (glwlgaizsl gt%%p egn So ilrgeen sw eartg}cgsr glqg %rtoocesses known to those of ordinary skill
may similarly be incorporated as desired. Additionally and obviously, features may be added
or subtracted as desired. Accordingly, the invention is not to be restricted except in light of the

attached claims and their equivalents.



specific embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereto without departing from

the broader spirit and scope of the invention. For example, each feature

of one embodiment can be mixed and matched with other features shown

in other embodiments. Features and processes known to those of ordinary

skill may similarly be incorporated aSid@gged. Additionally and obviously,
%?Egrqgi Hrpé’;(\iyisk_)e added or subtracted as desired. Accordingly, the

ifvention 1S not to be restricted except in light of the attached claims and

their BquivatenislGGLAINOIYREE sy slerimeiprising; wirelessly
intergonnealed SY IR »CRMPHRINGHB-RANAALYIGE NAYIRA RS BEeto, wherein

nanostructure-based antenna coupled thereto, wherein the nanodevice is
theopiefserts eorimind datowiBmisanaysdbepiansipstae ttdmieaThe

system of clgimyLidurtrercanprising apnqiHside sysiemLonfiausssitared to
communicate with the nanodeyvice using the nangstructure-based

cORHREHA!VIRb e B B 1aH HE LR TRTEHE i asd RSy stem,

compyising A fesminbod abnadeyiae mtinguaicled skang Lan) sumpeaiion
Iead;fanol cou Iing a.n os:'r[lructt raes-tb&seec% r%ntgrﬁggﬁto% Egg cor munication
lead." T B Th8IR0E 5 clAim S wherein coupling a nanos(%ruc ure-based
anternaplinfhenaostmmumnicdtion leadnoa ephs esrmmmingtiarckddon nanotube
on thf__lgad £ ée%%g'o cﬁgxﬁ , Lé?éF@E‘&%H‘thaa?ﬂ%rs‘{%&é%fé-%%%gd%%Yéﬁﬁa to the
comprising the steps of wirelessly transmitting information from a first
codevigesativg likiossly wescomminggiafammatiemeibesutindedévice, wherein
at least one,of, e, §rst @t SRCORRLARCERaiR B RRRR LAY EShRMGE e steps
The method of claim 5 wherein the nano-structured device includes a
ofcommunication lead and a nano-structure-based antenna coupled to the
commsRicaipRpadtife Tiermatbedahclaim Govderaia the
nano-structure-based antenna is a carbon_ nanotube. 8. An

interé@ﬁﬂ%ﬁé&%ﬁ}é’f@%n@%ﬁ%ﬂ second device, wherein at least one of the first and

second devices is a nano-structured device.

6. The method of claim 5 wherein the nano-structured device includes a

communication lead and a nano-structure-based antenna coupled to the communication lead.

7. The method of claim 6 wherein the nano-structure-based antenna 1s a carbon
nanotube,
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.



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 gystemrgt ¢laiBm 118810 hRBANASHMIUHE RSt ARSNBANSISA semi-
carbon single walled nanotube. 11. The system of claim 9 wherein the

coRdpISHARFE Hased antenna is a carbon double walled nanotube. 8 12.

The systenTaé s@ishdPNERIN ihRBanBsuEsieddasahRateRBMmISifa metal
semi- conductor nanowire. 13. The system of claim 9 wherein the

NaR8AEStructure-based antenna is a metal nanowire. 14. The system of
claim & whéginthennafiddevitevirctiid és asphdalite dickdmmphicditpnf

orts and an array of nanostructure-based antennas coupled,tq th .
WS ¢ LRIV NG 18h¥ % lity of
O B UNiCaton ports. 15, The syStam b Glamm T4 whoramPRE ity o

cogmaynohkhiempetiticture-based antennas comprises an array of carbon

singlgaw a”eﬁly@mi;‘i@n H‘%ﬁé@?&%@d‘ﬂ?ig} A DEERIR DR A (e

nanostructure-based antennas comprises anarray of carbon double
coppnmises sarBRITdSabemyRg s vallforeptitee4 wherein the array of

nanoggructurgskased srLanmas: GABIHIRS AR AHEN:RE SRIMIRONAEE BHennas
nanowires. 18. The system of claim 14 wherein the array of

comptsER R AR BA SR HarE S Al BRSPS array of metal nanowires.
19. Aryinterppiieriach Sysien Ao Rpisihg artaliit devitaicane Baseraithnas

co%%\?ii%%%i{gﬁs% %%Jpggxg h% t'g}e Q}g%v girgg/_ice, wherein the second device
Meludes a nanostructure-based antennd coupled thereto.

18.  The system of 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
inchudes 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.



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 naaBSTRe{are-based antenna is a carbon

singl(eS walled, nanottube.?24. The s%stem of clair(ﬁ: %9 wherein the fu d
nanc<tFIRIRE O8] Snieiha TS EB5 i RISUistec valf A an it farcaase
anfen@aSpstémaidf dlained @anh éreinotieniad ostuohgle-val ednanten (BN E). Other
semi- conductar nanowite,.26. Th m, of claim_19 wherein the .
S G A et IR D A RSB IR manowices,
m@gmmewicetiond thedikrorfiha wsriddevinesis piorvidiestdvitiicana eliminates the need to
prbAROSHHSLE Do AR G RER RS R RO MR 980, PHiNQtHPIGE @ne

single wall nanotube (SWNT). Other nanostructure-based antennas
allipiengl eRBTECAITRRF RSB s @enedrHiedrRILeHG HERBMWIFES Onfdigide systems,

; NAPQWIER: ARAHRA likkosThe sieh &f ARBRASICHIR-Raseeha e Tabrication

eliminates the need to provide a physical communicative connection to

PreREsHRETYER oM CAf I BRI SRS KIRRIA E5fmunication between
the nanodevice and other nanodevices or outside systems, i.e., systems
larger than nanoscale such as those formed from semiconductor
fabrication processes such as CMOS, GaAs, bipolar processes and the
like.
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