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OF THE I NVENTI ON The present invention relates to

nanot ubes and, nore particularly, to the use of

nanot ubes to cany CL&QE&NMMS at hi gh

fre nci es, n ot ubes ar e, gnqp )

fr o%?’ﬁ%‘ﬁloan"&ascl?} ‘;"\Bé R e % % SHAf ﬁ@q\%mm 031
M 2RPREEd K Be OMtiENBENSval NagaichbeRie (Glﬁleﬁﬁleﬁﬂ mweftwalrigh’d in this

or nulti-walled. Single-walled nanotubes (SWTs)
ing#¥eRi se single cylinders and represent nearly ideal

one di nensi onal el ect . Milti-walled

nanot ubes (MANTS) co p%nééF%]{Iﬁ%%&fyl i nders arranged

Con %{é &ghﬁ% tlo];)fplhﬁgjro rﬁh&ﬂ?ﬂ;l‘% '39@%@6 ritcuBrBMoftRY use of

d rCl) nmtor . Nanot ubes can be eit her

namemhésl tD cargyr cusrents emmﬂragasmghlgleﬁmnm@ on their

structure. Metallic nanotubes are non-gateabl e,
meani ng that their conduf¥sk€8@®es not change with

appl.i ate vol tages

ar e "Y&P %‘g?ﬁ a8° COrjR° %§e‘;&4lﬂ%% yonparnoper# &Q acgﬁ)fh R%Eéh%%t? g%znsle%ly
wimBl&l ihidemiieanMNahaghs 2ntboatgs whitsd dr henlti-eallédz esnﬂglmwaﬂed

nanoscal e el ectronic deV| ces smaller thal,y %E % 1
nage WPEs(S A=) FOTRRIISE EELe Y HHE AADHPESTE BT dlfabone dimensiona
eIDARAWRRo @ LRIl WAIR 3R tibe e NIPNR) &&nﬂ?ﬁe gt gﬁ'@llﬁders arranged

fast, especially if the nanotubes can use

cdnpensticeBrn Bries| dimsngensyiess]-p gt SWATs ﬁ?‘éé‘?’é@oe‘an for MWNTs.

nanqsyst he_extre h mobilities fo

sem I\i%‘ﬁﬂ'gﬁst qaﬁg ﬁ*&ﬁbmﬂﬂ@ O}éll ﬁedmg ?t%éigpeé’ﬁléig Oﬂ‘éﬁr Sgﬁ?mm
Me@llicHaBhtusR 8RGoaRekA1E, @tEning Rt @bir thiRudtiide dpésadt eHaggh with

advant ages of nanot ube and nanowire devices

in
applipdeais voliggrow iliessnvrepdusispnangbesars giteableg T&?F gletsgally properties
of HaBhubds GRHHE ﬁ{%ﬁx éﬁ@ﬁlﬁ{ g%gﬁlﬁcﬁﬁé fhithd ﬁ%léaﬁ&goﬁrﬁﬁéﬁ’cﬁg LGRS ic

active nanotube tranSistors or in the short term
ddyixtenverailec thaw eantieanbibved vdathgivg e lishdgeaphig deshafiuashei r

capacity for large current densities. Earl

t he d¥abiube tranststdes e @thdrcteédo bé gmemﬁb'émt, ebpestplli Hdke nanotubes can

n nano n
bR et nte Ao B T e o ERGAAE Sl Bty high
m@biligesYodd ih BébicpidRctinptRbowita que nmptubepes iilepmtﬁntl for high speed
t he coIIectlve noti on of the el ectrolﬂ% whi ch

n. be
R 9GH P! HemamETe GRS HIRges Pl naasfBbRand eEpoug Py srReenera.
NeAJEeS naf 886 hadvila!rOB t@;lh% Hlé]@ﬁeq‘ilaﬁ: MaEYsHR&s frah&Rnd term

quantumtransm ssion line, with distributed kinetic
bétwermccHYRIEneimbe IRssitogRIn {henshastioe byreen conveaparal frapsisiors

%Cﬁusté I?)‘?th%g%%ﬂg?y R } WY deshi@0di ng waves on

fransm’ssion € can give rise to resonant

fr eqﬁ‘a%f}%ﬁe%%etlcﬁ v&o@fpmiﬁ{eg\gﬁ}{ﬁicgrﬁ [ng&eggy &egelgéﬁc)e ifi &e nanotube

dynamical impedance in the absence of scattering and contact resistance. The origin of this

predicted frequency dependence is in the collective motion of the electrons, which can be
thought of as one dimensional plasmons. Our equivalent circuit description shows that the
nanotube forms a quantum transmission line, with distributed kinetic inductance and both

quantum and geometric capacitance. In the absence of damping, standing waves on this
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nanot ube | engt hs between 10 and 100 mm We al so

proposed an ad-hoc danpi ng nodel, relating the danping
WO obhesodz resi stance per unit length. To dat epCT/iI82086/015055
traf AN G 10R R o Py '%5 f‘egﬁﬁ S Qferlclt ilihe hRUBY Svel iSRRG BHZ) for

conduct ance o . RY The present invention
nanotube lagths hdwo@mb)sand dﬁ@nm M%@r@mm@addfocéammg pgdel,
e a0 ol 98 B g ERHPRELEE Wt
mehsmrdneen&mm rhib@ivatdieeqiymes mbmhbtamre A S@\ﬁnﬂiﬂu ctance of

si ngl e-wal I ed nanotubes equal their DC conductance up

to at least 10 Gz, denon&imadRwng that the current

carrying capacity of nanotube interconnects can be

ext Elfﬁiﬁébehﬂiﬁ&nﬁbt&prhiu@ks Hah@abeeinycofiicGreaplea)f careghg@rrent and

W t hout radat i on. s, nanot ube |nt nects can
voliige pishigh ‘g%q%ﬁ‘i“’éaﬁ fafisees 1?1gh Seebifraeangectyn %‘%1 P%&@W&g}s

circu crowave circuits,
frelg aféﬁaevn Hhanibe éma@nfe? %‘? fandugtaneg of siagle; el fanon 86 equa
theﬁ'ﬁ@gdnﬁﬁc%nce W6 A ?éﬂ&ﬁ@ kg4, H&Iﬁ&fs& ﬂ%&fhﬁ_t&%ﬁﬁﬁﬂt%&rymg capacity of
metal li ¢ singl e-wal | ed nanot ubes al t hou
nansfihe interggrascts anbgisstendsd Sntadye lwlsﬁseqy@lcué@wrw@vg) reglme without
%}n}é{a{lh V\ﬂlus %%né’ré%é’ gfgrc%ﬁlgeg{s lz’;pr?g‘e l(sW]ﬁ%h- 0P ﬁl‘%er&)fnné)clté P high
i'C mano ropes conpri g mxtures o
freqentycarediis tigh §Fand mmb\wi\dewucm’amﬂﬂn@ls&quFMy navsdaleoercuits. In a

i.nt C ects_are vant a S over cCo er.
prefiied PEBRIREH IR AFIOBIE FYCIRRE S SomAtSe B RIE dingler e ganotubes
(sxmamr@t HBRuENSBECHRE 8EaB0MBasaATILHD HRiugdicE. o ¢ Mt whlledickiBon

t han copper interconnects, and do not suffer from
nalsombﬁ%@é%ai fenes Apll Mgipllinnanginbey; ARdVOPeS CORPESNG Fxtures of

“mggggggh@%hgMw@hmqgﬂggks|nterconnects as dinensions are
decreased bel ow 100 nm The hi gher conductivity of

nangfubg.d.n ﬁfe?c%ﬁﬁ\a%%ta% dd@atﬁgéébﬁé Rer $o%p$rh@tbxrconnects currently used

denmonstrated high frequency current carrying capacity
in intekatedivamitid Nanetalgpsolgsooneets hasppesh liigheeeandwiedy Sian eppper
1ntg}cc91rﬁec§£ e&g do P(Rl e%tfio%]ssurfa e@%z!t%éghg g/vl{l]‘Jh d’ﬁ gylt%g&c% the

anoscare ciredr ove and ot her advantages of

coreluttﬁxﬂﬂyrmém@elaﬁtefobnmcts ay dintengonsvird dectrased bpRvelrtn nfrf dfhe hlgher

the. foll ow n et aj | desc 8$ion mh%ﬂ}tQF
condBT U oF PP ERPE e B ANy Torae O SHRPRGEed g fghienc) current
carb"ﬁgecﬁgﬁﬂfr Lhas thtemda@@gso@ QVALBEE tt&ashnbAs AE Righupebd

separ at di fferent aspects of the invention and
apnlﬁ@ﬁon&dmhﬂdl%gh Herpspyageescae CH@its | nvention wil |

i nvol ve vari ous conbi nati ons of the above |ndesendent

adv &l dbgesand gger ﬁdvatltagqﬁ 96 pgbaskitentpefiibis inventipgmpwi e apparent from
the@ﬁ%@of@:ﬁ%g%‘gg@u bt %‘émkaﬁﬁ%ﬁn@%@ﬁ r\;@ﬁﬁ%@cg -Exllp%gling

is agra
draavmgsehm m@hﬂaﬁghatcﬂhmbam aedlvarsages sam“taraclae'cbd\semtaly byadlfferent

ssrBiac g it Be Bl Ayl e PRemeB Tl B Givgrions
condEih@loas 60ME SRve rdbpenialt h@gatafadsudeitGenofgistic benefits may be

frequencies, of DC, 0.6 GHz, and 10 GHz.
obtained from combined techniques.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a graph showing current-voltage characteristics for a device A, a single-wall

nanotube (SWNT) with a 1 pm electrode spacing.

2.



10

15

20

25

30

Figure 3 is a graph showi ng current-voltage

characteristics for a device B, a SWNT with an a 25 mm
web@etit@de spacing. Figure 4 is a graph show nBCT/082006/015055

g?n?ﬂr‘léggg (rl"]sge} Sﬁlf’%ﬁ%@%%tﬁ)cc% %?a!n@e 8 @cgl%cg c? i d@i&ge%orBdevme A at
fréofendidsEED DIOE 8GRI bl TGHz.pr esent |nvent|on prOV|des

nanot ube i nterconnects capabl e of carrying current and

vol tRigee ats zhgrgih dhoetigentertsoltape chitsctaistits fgha &8 ®, a SWNT

ﬂtergfnne g én hi.gh frequency circuits. The current
w PRSLecrays PrGE capaci ty of nanot ube

|nt connects t _high frequencies is denonstrated by
t he THEEE A ah R a e PRI FS ferite St aram UG 1 oTevice B at

ﬁéﬂllmlésroewo.gwmmw,mm @fiza single-walled nanotube
(SWNT) are presented. W find experinentally that the

ac conductance i s equagrth@ed DEsc@ergnduct ance up to at
| east 10 GHz. This clearTy denonsirates for the first

ti merge badserdt Iﬁﬁ/eﬁtﬂfnﬁﬁmld& %ﬁﬁcﬁf&lﬂgnt&%&%bt% X ble %?Ez{?%fhg cuﬁrent and

nanot ubes can be extended w thout degrada tlon

Vql,qa@q]atﬁlrg@é{j:gwleg far eperrdniah) speasignters ontents duhigle fperenemeaiteaits. The
cu ik g§%lt V%b?x?%craéécg@?g?a\r}lgglb? nter?(}r%glqgc?sga% hll%ltéeqn Sles is

demmmsttatddiyahe measopemanty belependence) and no specifically
gquantum effects (reflecting quantum versus cl assi cal
c ondihe tfizsh o@asvfententsailf tHeddgh fﬁerqulfcy paiduetanceiofia s1ngle-walled nanotube

ctio o t heoretic |ct|ons for
<S§§ﬁ@&6? Igﬁ%esteﬁ P dind (repipente a’:% At HiceOpdustaneg ’éFﬂ‘h“é togthe de
cohluc@meiip foQt RY¥RI1AIGHZ Mihg c@elaﬁ? HERAREMePBE WE Bt iR QﬁaY the current
(whi ch negl ects scatteri n% and_experinment (which
calryiEp GRRasity @&Pﬁbgll panokibsg ¢ag bp ﬁgyndew@vﬂbp@ﬁegr@daalon into the high
frRNERY RARWAYEGRLimaDdel for the finite frequency
conduct ance of a carbon nanotube which treats
scatt @rrleﬁgerm@naﬂ thiswltsy ndoeleas dlgn@snes ohTmmnagqumtlmd 8uid behavior
Ufe I ac .fregue §s do
axESRLREDy WDoRCo RS T haBF ate RIS TRy S8pER Y guantum
efﬁaﬂpﬁﬂ@tlm@qmmnouﬂrsds hhsqi)crai?(ihndﬁcﬂﬁlcé bﬂﬁ]jﬂ@ﬁlﬁéﬁ) gepevdedGe.
3.were _synt hesi zed . via chem cal r
COB%%%%’PP ?Ootbﬁ‘e%ﬁm%gp dicties frae gondstgce rnééff Yot thpt beﬂéeag
scafétenﬂ?? Gh SrdeProexHRinkié Gmre}‘ﬂn j%@wé&%&%ﬁvﬁﬁ@h%e%ctk &hfbring) and

Met al el ectrodes were forned on the S s usin

experiRanf OYiugieasiqds rendigticssieringls waptesgnt evhqmmaml@glcaéfnodel for the
finde ‘fr@ﬁ‘ﬂe C# éoggucﬁe[ﬂcgﬁfs ?%k%ﬁ%ﬁ?oﬂ%lg&v&e%%%c%%ﬁ% sa dlstrlbuted

anneal e Nanot u ectrode spacin
resisiang$. ddisapodehekpRanswhy( whe vesdlés aBjc ﬂﬁ[uenﬁdswdlneddlsp'l'%m'dqaéncy

' some nanot ybes h esi st gnce
oL SRR rebisied Yo R Sregh St ey drace:
( detidivedhabgWahisEnege ghthasigaitves CRERANGDr &h!pbii’uon14 % on ox1dlzed
resi.stance bel ow 200 kW Measurenents were Eer or med

highrresigiyaty Peloped Sitnates (> 49 kQpm)| with 4 4 0sm BiS:rayem Metal
elet:ﬁ&l%@ bRteUbEndd-of @ RES ﬁglhg Lib&ro fbegﬁ Yik 1’1%)?‘! ﬁ? tal gvaporation
Wi t ng. S engt

a 1 nmel ectrode spac | nce t
of a%n@eﬁrél@p am A bitryenen dbvies-wead it hurealell. eNbnauiss with netectrode

spacing of 1 (device A) and 25 um (device B) were studied. Typical resistances were ~ MQ;

some nanotubes had resistances below 250 kQ. In this study we focus on metallic SWNTs
(defined by absence of a gate response) with resistance below 200 kQ2. Measurements were

performed at room temperature in air.
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device is in the quasi-ballistic limt. The | ow bias
resi stance of this device was 60 kW This resistance
W(i)soomsdossbl kely dom nantly due to the contact ; PEr/UBTMG/015055

fields, once electrons ar ected.tr ort
uash B APt Pt BRPEatrcY Tt aene SHRER gy p SINT witha 1 um
el@du%aé %pécﬁiﬁ 08 cSRsUEREH 18 BothphritCtoGhY hedt fredtpad BHAEEs, this
he 1nset shows that (over alnost the entire
dervmqg\%méhe @epttiabigtic/ initaghy lowHuasgpywinge ef thisgiewicayaes0 kQ. This
re%%ﬁ/ru}c%e 6&%8?} gltﬁclalg %51?%a9t%du@¥o e %b t; I%(t) iogx?%él%sg ‘i\é/ eiecggns are injected
trax@sor Ois iqgasnhdtlllgncffmmnszbuﬂsﬂcﬂo dmml ﬁlhel debidm\cledelp sho“ErsaﬂtIratle in the

sl o 0 ear -V curve, we fi =
cushizRepypd fid: HEqrseEPorsn Hplousalpaie et ohrpie volueo
thd RIgoRite rebist¥RS (PR bb h@stcnséae;y%%tmﬁmamn@rbrbe havior is

due to a nodified nean-free-path for electrons when

the WIg&oiil¥élield is sufficient to accel Eaeatien (1)

w rERY LRy W#?]J{ego&ﬁ & Qsewa%%‘i’ig S0 offégﬁcgyndte aﬁme& bf{}aé]pt ]I'*'rgl%l the slope

onon. ett was nore quantitative
ofvthd.' Imess part cefthecdVodune] wa §ind I =P, | 18fok thindedze, ih gomtbmaa:ment with

e nam ca edance at. ovvav f requengi es,
YR R L h A D B S DV O Ohslo b LA radapee-path for
el€dbhdwRdnl tBdle1vdttid field GRITRIdAt Blaboeldmable@RIng to a large enough energy to
en/short/l oad calibration standard) allowed for

enelg Hhenticelphongng FhisehiRctivgs sjuisd grozptianepiixely with similaragnelpsions in
7ghi p el ectrodes. The el ectrode geonetry consisted of

two small contact pads, one 50x50 mmR, and the ot her

2002 00entrncafuge thd dyiapgcalmppdasxPOBrowe (ibgrendevace

r netvvork a al nmeasur e
CO???‘\SI‘A alg) Bgf' aﬁ)vl\al?e %:Ogvr?:bf F gl 2%6 f:OI' ca leag 81? ?Vlltg a gﬁ]’lnmglﬁ: all%)
av‘&/ﬂzé)ﬂa @Eh/ekﬂJerom:dzaﬂhbfatlon wﬁﬁhﬁl) Wilovehdefor transitibh &oﬁmibh){ foude
dent. mi ve.signal on_ the coax,

T hﬁﬂﬁi@%ﬂ?ﬂ@@w@f redetSach e lehas stomey Pl pig small

cohAPEHad) 68 4D atna %e%ﬁé@bOG&f)d) ﬁfh? tf@pdefv%m’jlo?SO)éﬁo ;,Lm (for
[Z(vv)) 50 V\]/[Z(L : he power |evéls used (3
dejripy B).t Aenipreware @t\mré anaimb@ ru@l?@lrto mghsurdbe priheated(serdplex)

rel S A Sl S DR 1 (e BRI Glgpineident

migroalay@ ipnal 6n Hﬁ&ﬁaxt, bhai’mﬂnlﬁ@f for VQﬂeJqu hisAs S¥RéE08lid 16ad impedance
source of error in the nmeasurenent

Z(py Ry Bepsuebredaiitondermply Suri [%‘))aﬁ%?w&ﬁ‘gﬁé% 8li f+ the ppwerlaels used
(3%??)'1{3%5‘%52% & br00LAGSh: BF %€ So ér%@ e O an error of 2 parts

e nmeasurenent " o (S] 1) and I nm(Sn).
Be cdbs eta‘tidmalmoinub@meam@nham both tisoRd(8y1 penddouihgrdae td andom

t hes ors wl be i fant, as.we di scuss
nofig nl¥hg B RE R Se gt than s R A" Kbt Gntie bt e n e
méasnetheidu®fo dohREUB136ad Rekifiod beEnditidédliti¥Ontiaoalib@fion standard
bot h devi ce%and B.. \Wile the absol ute value of Sn is

SIS GO oFer o 2 mirtp H’sﬂbtb%me%sr}@mfeme%f&@ﬁ%y ang fgS11). Because the
nafdthic 1%6&411@@15 Y ﬁﬁ%@fnﬁa&e& td Q)r Q dtﬂgseteff'ors will be 1mporta1ét as we discuss
I'ation) N

cont act -t o- cont ac changes i
in wiorehdepthebelyur ce- drai n vol tage are systematic,

;?Pg]? p asﬁr@%he, %g\fg Bl as %Lh Sn% 1V e d ethq?#’c]:}étirb SOWCF%Iram volgage for
boghodew ce Acma iFn Widlettizegebsdlste Willile afS“ is found to be 0 £ 0.02 dB over the

frequency range studied (the systematic error due to contact-to-contact variation), small

changes in S1; with the source-drain voltage are systematic, reproducible, and well-resolved
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artifact, since control sanples do not exhibit this
effect. Qur neasurenent clearly shows that the val ue
w@bkoognicoand hence the nanot ube dynani cal |npednmnesmmmnﬂ55

pends.. on he d sour ai n bias_vol at .

Wit el ras o 2GS e dchenge 35 itk 367ocs SRR ol s mot an
aﬂhﬁﬂg @m@é éb%r@ldsaﬁﬁfes 9@?1& ARV B8SeffcbO Oupﬂéﬁuféﬁl‘éh&ﬁeaﬂy FRvs that

B, I m(Sh) = 000 0.002, indicating that the
the anls@ gff?e uanéé@maae nancmefdwema@ nlinmﬂqmeydqpé s onctjy de source-drain

{: |

e R B D p B of B R O Db pndipd for
bmhdeﬁmﬁrder 100 kW For all neasurenents presented

ot ¢h A t hi.n
ot ac iR PP A e bans B i JOPTEuSptol RO Kl MabelilEng pganonve
infjRrBghce Re(S8 floraamyasalr epr mdad;ﬁﬂebieyt s\ycd;télh 1s\4ﬂ)‘Bsedsimdb fbatriaglgary
that the real part of the nanotube nam cal i npeda

lwéwje%mw Wai}%rsthareye ferhiERefanrs; g"h!qliés oleadri BRG] por all™®
m %Bi’é'ﬁi% Qi ﬁep@ fIrﬁ%n ? HG@S%P e \}vﬁh 9%\?&/1@% b Q‘c’z\ﬁbtlt:zh at
or sna ues 0 are
uetadBy of 4 Wﬁ folt08. Oh e calietr la:mdcﬁt(SbD eltalneqs reraocimﬂlﬂsr with Vds,
n?hcg n&ﬁcﬂeﬁ%s realipgrt VPiha ancﬁ;}g\% X mé Y&t 1r%%edfa-)1}]cgt%h%ggsr \g@g {7 ds-
| ocasy itatiring ﬂne relﬂm‘nﬁﬁlb bmdal 911 o theosundwditarice GC,‘ﬂ Rimplet shhwn that
Based on this cal cul ation, we conclude t hat

th
foxREl valees P U /ETBRaTEHE SHENSGIEY T bk flﬁ@dn@%%"te that after
ceﬁi@fhﬁHﬁ ta%ﬁt?ol'ﬁpé‘rﬁlr%gwﬁl?n@ﬁangtu% Elt@esa(f& globab, Qﬁere a2 uﬂ@rtamty 18

is consistent wth t dc conduct ance I'n order
dltedo amttyzeemtth@rdlm lgcatipp en thqapgmtaqt a@dsfejnyconmt to contact.) Based on
hiS ca&gﬁ{lo@t\x% c%nch‘icieqha& h%ha%gohhte va ue o c% eas%sed hi tﬁg& enc
In e ac C an e

cdﬁd\Mtﬁﬂ'de h;l faﬁnd\/te Ibb agxﬁthdiﬁ&ﬁﬁﬂﬁ‘ m p[H;‘lWhlcjﬂ iO¢ontibient with the dc

statlstlcal uncertainty in Sn, which in our

Pé#chrents is 20 tines |ower than the systematic

er I o ordeSloE8lybd Be BANHRRL quRKARR S HB L AR chtitCsh the (RIBER S,

whi | e changing the gate voltage, 'we can reproducibly
with ¥ ar Ehe mprseremenisioros g lchangh aﬁ@egc ¢ondgyangp Gvithhas voltage
d%gﬁl‘{'ct %%H%Elg & t}{g Ltzlt?sgg%)\mce?tgl%a/ 1351 I H%H gIn &S ﬁ%;%r 1@5#{‘5‘ & 20 times
loR0r hk3) tha sgmamvgle efror. @Simadithb eonmaﬁmbeﬂbmmﬂs Hixedhin place whlle changmg

t t t t
o} 856 b BeBrve ity Brombhia P e el B S SF0Re
sdukd@-drain PbIReS.) tThas, GRREIYE b eoltte Vaue 6@ cHuhl LR 1Ea48d with an
vol tage for devi ce A at dc, 0.6 GHz, and 10 GHz. W

URgRTIINGY 9P Hpred ‘%‘Wg’eG’l cAn b5 esHredauth ag gnggatamiofdrpS. These
u&fe;téﬁﬁlliesta e%ﬁ?ltdgfe?l‘gf‘é g@ﬁozﬁoa \@ﬁlc%wa\/f\?mgésﬁfe%ﬁ %Elljel%l

I'n nore at the moment I'S c
t hatFig.Repl@s &te canduchaace@ ss. \thet shul‘dd-slrajmmﬂtagssfor tlevik@e’s atalc, 0.6 GHz,

. e off ased 9 th
oG08 MRk BT e BB in £ S aPass Be S HoTpET A S Gauel G at
vanaol Wedikiss hasia %@@défalgbelav \Ib&t & fRWhdhdat it & bR fgete Oyat ac
10 nS5 when_ Vds .changes b The dypnam ca
chaggrg ot tayre s a lfpc}oaﬁ%&sircywﬁ aewrcie@e@ thedtethere i s no

physgcad of B8 8RRl redults Se kRoW e B lute value of G is between 0 and 22
pS; based on Fig. 2 we know that G changes by 10 uS when Vg changes by 4 V. The

dynamical conductance is probably not negative (there is no physical reason for this to be the

case), which allows the following argument to be made: Since Gao(Vgs=0)-Gac(Vas=4V)=10 uS
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case), which allows the follow ng argunent to be nade:
Since Gac(Vds = 0)-G ac(VC s = 4V) =10 nBS( neasured),

war@eExmEdy/ds=4V) > 0 (on physical grounds), thBtrHﬁzoe6/015055
Gac(VvdS=0V)>10 nf5; our neasurenents put this as

(mlegsmeed), landriGtc(V&HE) gb@n physifiat srondslel thseefare Gy ds—0V)>10 pS; our
Therefore, aur ts._show h r

mgaggpmenty pyfits rjswﬁra%ﬁ e PPE ahml}:gvg{éld% 2 pg\/\gb%r&o@om

méadireRatS sidRdor Bt fiag e Jtliaﬁ twithih 5904, Inﬁmai'lliﬁels yanaarrgl microwave
currents and vol t ages. ause dev c Ais in the
cugreris pndjeoltages fystas &f l%nﬂ.‘/k&a C FHEEts A8t VU3RtSoach t he

the ge@efu%?@éwée B fin fh Fhdsi-B4nific kiWif Bhit doey Ade appréRAtiRAhéoretical
t he net nanot ube contact resistance probably

lodertinniao sk fie pedech bontasts, the areted-nfmstubelspatact sepistaace prabably
SRR AP RTTRLS IS YbbY eI, BEAThRB AT oo

reﬁstﬁﬂée%tﬁélzf a/eltxﬁﬁgefq/tcS&WTce(Bjew ce B), with an el ectrode
gap_o 5 mm Teorllnal h,of .this n t
it T apsie ik e Torgen DUST S0etich, MRt e Ryor 23

},uh QTEQ@H%QJI o@ Hid ﬁQnEtub@M@srbvfePZO Jﬁx‘l\f) bih@Sde¢R8 thlilihbsd Bertainly
since t free-path is of order 1 mml5' 17' 18 and

not haeth@wrrsticémgt, hvdndorigvrhias cprdIctigwsibpete meat-Speprtiisof order 1
L Bhss d@rfh%w %?ﬁgh gt%iﬁ.tpr ei"hqu% bing ?é%%%a%g@(ﬁttﬁls 'de&UiE 150 kQ.

IPab15 ave a resi stance

PibAOG headireBehte W omatabl® I’©€1I4Qﬂhllm SWINTs gdve a&&l‘d’fanbmpdr umt length of
resi stance is about 150 kW for device B, a d t hat

th
6 @heminhaes DRt SRS BHaIFsGRinH I 1D KRBT Afod g that the
co %@%HR&CQ n'?ﬁﬁl%Gﬁlﬁare&_ Jfbech@ﬁ%msfétlﬁnd't@&'r%tlﬁﬁﬁ@ ¢ dbkolad

e source-drain |-V curve for this device is
remhﬂlc-e d@ﬁ):zmdb@jsoby:e-@mal Venrve for, this deviesyis wellqdessriped WpgEquation

ind lo=
habsBie S B R b RS
Sourftig ﬂgﬂcﬁ‘a ﬂle\éolhduatgﬁcefcovs d@\sbmee-&aaivo&age fGr dbv(EbIzB at@ic, 0.3 GHz,

f d
1 G 101 (o dories Acte i G 6 CBHBE R G H Tk 56 o add an

H3lG,Goeqfih da( d28.=o! ft id cheaf 8@ thib EAph thhi the HARRIbe tAdknical

the nanotube ynam cal conductance changes wi th bl as
conditiznge clianges veith tigsevolfegeduti duide dneendagense dogsi Heng pifilpa

a1arrg%nrtrs?ar§tf§r <f v cf %r o&ﬁ‘}{é dlﬁ dﬁ%nt@f& dé@c%sé"gh%wetﬁéﬁhef a% n&i Qé’ &&ﬁuctance

e’ac an conductance are equal wt
arb 8§eabwithintSh% @et the entfre gpengyrangesgdiedt udi ed. W now

turn.to a di scussion of.our res

br T Ot Bog i Ao Banprt o iR OB ALEE 6 el of Mifering on
natBlubestalslb&d vwhefl- silﬁwdm:'rheTl@(Hcrréiﬁ:slt@bélﬁ(ge/ehby‘@I ven by19 h
L, --- Equation (2) im, p. where Imf.p. is th
rreaanJéeL_qmt»h In ballistic systens, the san‘pﬁ@f‘mon@
cont act résvst ance dom nates and the dc resistance has

Wﬁerfz {4 fp f hle rﬂe%m—@ﬂeé( sych le lﬁhﬁﬁgsysteﬁls kMY sa‘ﬁ‘tﬂ]&&n&a@t RQstSicBldminates

and the dc resistance has a lower limit given by h/4e? = 6 kQ, which is possible only if electron
injection from the electrodes is reflectionless. Is Equation (2) true at finite frequencies? The
answer to this question in general is not known.

For the simple case of an ohmically contacted nanotube of length L, we have predicted
the first resonance would occur at a frequency given by v§/(4Lg), where vg is the Fermi

velocity, L the length, and g the Luttinger liquid “g-factor”, a parameter which characterizes the
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injection fromthe electrodes is reflectionless. Is

Equation (2) true at finite frequencies? The answer to
WO bios/1g096%t i on i n gener al is not known. For t hEC"B/UEmOGOlSOSS

c not yhep of 1

w388 oD oo SRS Efop SRRy TPt 30 e B2 Bt ey
refananpsan Gy fighvenay Bapeident dhipgdancevieile odfur b 4tGIEz, H_Jefdfﬂi the range of

veIomtgIId h the | ength, and g %he Luttinger H
freqyencigsispidied herepHpwenet opr RRptbe ReFETL PR gverréﬁe, Hin
loﬁg Hﬁer‘%ﬂeﬁ‘&ﬁfoﬁ'&f @lle@cRJdEQ el BAGHRhcleRfled ubME tﬁ@Moyelecﬁod'es fora

: = nm the first resonance in

dlﬁtﬂ@q @éﬁdwstjé@eml emons sijsedtalrfdaumonthd othet Uf tha$e szgm@ﬂzqfthe

es stu e. However
oo e it P BTl o Ry A GtrBpen DO
GHanWe ckfaﬂﬁ tlo dePbSrtd D sRdngatRai BelRsior hftBesd aNAiyWaRT frequencies.
r the electrodes for a distance of at

W?i?%@%@ B@mmﬁ%s Hu%‘ﬁéﬁes g thespPIAsm s, 36 e dtcpss belopy

t he Shisagiietot Jl@ﬁﬁéd’@go‘i’&ﬁ@t WOSsWRE Gl E’(Iu@ﬁ&n (2 Hes\f‘@%ls q
corresp ond to g-l asnon resonances at requenC| es of

dig{rbuted lgqgtanog@f eélaqutlysed]@t ifgndepprdentaf frgayensy, eawrd to the measured
dc\%iﬁﬁﬁﬁgg%rgﬁpﬁéﬂ il nouf?:kfggﬁgf 819} ila nﬁ%g %ﬁlﬁ)es r%r ouler{] cﬁuI £5%. mour
plpma&;mfnms]én@\somé de fmud ﬂlab(ahdbimudmhﬁﬁx@/ dahlpﬁlglcSndiﬁ)éns) the nanotube

ustified rigoroysly, we assume that E
ST B BEeRl B Tiol T8 S HaALERGHE HaHBEbess tan
1/RREC 0t§1) WhERRENAS Me t6th1 apRANRR %Ythe %%bet(&’uah tﬁ% and electrostatic).

nmeasur ed dc resi stance per unit engt of W mm of
Alghopgh ey m%ﬁgﬂﬁmf@ﬁ@e@d §erowis onrtoroefra foatly Epndllcmng ground plane
un

(h ggé\jsglsﬂg]gy n%? %gh '&Hg Hgo)dg‘l ‘ﬁ\g@oﬁgﬁg{] %Béﬁ%lﬁ(concguc ing su%grate we
cail lmaeﬂfamo@lmg apa Qld!hmn&d giide. ber dgical, tve eﬂ;thﬁated@total 1 {F, so that the

Stance ies.less than |/ RdcC. t ot ai)
o Rt RN B et Bt R 16 R ns o v agind gk ebout ~
1 GHzaNhis M q@niletatdleBCdohgstb@tnit)whalNvt FREER cQpHHnlBRARYI eNENt S
presented here are on top of a poorly conductin
gr ot 18R 10H &oltageyy Fhereé%crrgl@% hayg groagh encgydo emit opficalplvugns,

drdﬂﬁi@ﬁll%dﬂ%ﬁfg%hé’ﬂ@antﬁ’ée Hilnd %03611919@ g ﬁ:EIthH 92)%‘ gl%tn[lcgé ?eneral

we can use th ermelng as a ualt tlve
Eqgafiand®). Bur measgremienigclsady ghow that Egudtiop (Bds stﬂh‘tahﬂ e t@at) GHz. A
U
théo@?%%%ﬁl@n W?H If(ﬁ r glsﬁgec%g#ggagﬁ%e nge Qﬁlboug}l; 1% 1s IT%&E-YZSEI tcr%e expected
for the quliangaeasme I‘d}e ed@trsn-ghmh swttbﬂmg/ﬁmlhenw i10ihs @fgliebias region is
h_bi.as v ons

ap%rg ga&eﬂfﬁgﬂ eha:tedng{e glé}l?ﬁ{lm&lzﬂ:zﬁ ftg%ﬁls%?] el lpgr(i:gdr the scattering

fregiicbRsi it nkanes R d RGN tHebR i a/drif i ﬁ@eus@fofblﬁﬁﬁthmlﬁty' ng
Equation (2) to the nore general Equation

realIFP RIS Ut fe Alehgr fespecien af ordeyib dlestrop-p) onog ssatienng rate (~
SO‘G%H gt IdWeIE&né-ﬁel@'*? Sh()Al‘ll& 5‘1%‘3& ﬁ&fe(iﬁjﬁnﬁ?ﬁgh ‘?on@et (f 20 Vt etl]eltcﬁon-

is lacking at th tinme, It s |n Five
phepongsgiegneis rfamtulndaetempd:rbt@w d@gerldelasrmasurdzﬂmts Would allow for more

bR B AL ST PR Mol TS b e

ti n@hae:[afeelt ks tiche Vcﬁifﬁdfekpdi:mfehﬁllﬁ thaehé @ﬁlanﬁdaﬁnnpedance of metallic
IS 1 nstantaneous. Furt

ttering freguen
ST Gt LR PR P e g MepRIP R Py da FiRbleg I CHE. As
resYR, AR SRRt Shryin® chpOResT histRds SR "l%%oég nd? Hgg%de i1¥6 the high
el ectraon- phonon scattering rate (~ 50 Gz

fregypeagy (mpieropaw) srgimeallogyieg, ohe ysedt s High- meﬁchtnrmnn@ts in
be | earned about el ectronphonon
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scattering in nanotubes; tenperature dependent
measurenents woul d allow for nore information as well,
WG a@h/1a®354 he i ntrinsic nanotube i npedance at | BE@T/US2006/015055
ni$6-3de8 bbb Ak e HEfREPL | {d
1% %er ; n%lﬂn : %TFO% ﬁ]ha ¢ t{?e dyrﬁlgorcrllﬁ%% ac?e Ipa?lgﬁbé/ %'ierc];onggcts comprise
ISWVNTSWQ&D@GUEWS Nﬁmiogubcmdiy @S@Cbeﬁlsm;{egn MIWNTS ropes of

dent. f t
all *ﬁgﬁﬁ%ﬁ&?ﬂ&r@? SR P SR e ST 5 SrndnadShe L
natiombesn Metaﬁgsmsum havk heeRilgdh Jutesidens tz(&imr@d& QUENRMNY). A

regi | owi_n SMNTS to be used as hi
mF‘fﬁ’?lé 5?@%13 e‘g?féer iR IBREET GoB SR BTeBts §nd Yfﬂtaﬁes qf'up to 25 pA or
mgmﬁferred enbodi nent, the nanotube interconnects
conprlse metallic SWNTS al t hough ot her types of
nanokgisése. magotaiesatetsennesie dan ke used asvigiFspeed mpaec@nmctsan b variety

1N r es

oL IRLIARS, 1O PR K0 o
hlglaspehdm@er@numtg/mIomgputeummes\storsd@amtmg/at(h(g“h oﬂlfcdélreqﬂfﬁh&es of 1 GHz
o e g B BRI P S o b L S
radtio @f&@l[encffr (R @hdimerowke 0frd e opdtht@ipGORBRGhesGRo l?@ GUSRH higher

aIF gggaleed interconnects 1n a variety of high
sueh 254 r QB?HGF anfd vizeless ngmorl@gyatﬁ@p eTheyReibgiaterconnects can be
usbdoShiERBARET R 6ARvREs 43 Qrahé?st@t'é)oﬁésg@?e BLORs SR g%gmbm tion of

i nterconnects I n CO[TpUt €r processors oper ating at ﬁ nh
actyEK Prisbgueniedsds cisfuity o@rptingrat higly frequendiio thet@dz range. The

S ed to OVI

B0 SAIGEES 690, B PR RETl S B RARS l Ee

fraguercy all saropbe atréuig. Bbr dxamplopthe hasubp ili@cckledd-Ean®k used to
| | ul ar s and wirel ess network

her, such a n..c
““SV? predoanqiihe ﬁsﬁ% B oSty @%ﬁ Ao eelgrmigongacaiag penotibes are
uséd o€ the @RaIREk ofHE MR LR VIETE STikeEhalotubd ﬁlﬁﬁ%hﬁéc%rcﬁﬁ also be used to
. passive devices, or a conbination of active and
intgregmeqidagpsgrakedevices: igr conveBtiompkirarsisiat, &r highgheed applications or to
frcBRHBNEl Bibiraflor B W hirger
Inlﬁterconﬁécfg'gan gﬁt%d%e usgﬁrﬁﬁbﬁéﬂg%ggﬁﬁgm¥tJAnmmume
intergpIseiaiar cofaprise @ singly naretiibeze chmptisefiee then one @inbtube arranged in
np e nanot ube
ImﬁﬂggﬁggﬁHﬁtggﬁgéiN1%ﬁaggg§r ¥?%?é$%0nnect nanot ube
fi effﬂe mfvéeoh atso @fts'l(ht o usfl hEefi®) for odshihEfknotube interconnects in
. S g] uctin nang gfs are us%g for the channels of
UfH S“HB PhBast @*’rgse CHENBE iga Megiearcdivhibt 18 ae grbediment, a
cirbit $HEEHEOproFYbRRCHRRERS dyn AARAHHEdaBeit\hhffisbe ifteRonnects in high
conventional transistors, for high-speed applications
fregyenpcifayitepcisimeearal do teids raisiants. o othempuda e cimuit simulation
prdg@e[ng Shucahg ey r&%ﬁaﬂcg ofthé ht(n%lt‘u 1nté01’cc91% cg dgmlnates at high
interconnect can conprise a single nanot ube of
freqenmpies swl tha e dynemicdrimpedanat is hﬁ sesitba g@ﬂlagma@ah@bdaﬁbes

n re Nis the nunber of nanotubes. The
Onmﬁygh?”mgcgfg%ﬂﬁﬁ‘V|des a useful nethod for nodeling

nanThdup@otubé BicECONACES fe AdVafthgdoud byved bdﬂébﬂhﬂe&&llﬂé@@ QLAY used
clrcults n an

ed for designi ng high frequenc
in ?Pé’baaqdﬁéfﬁ‘el ts. a‘{%ﬁnr“ﬁ"d?q bysheripmetrtef ot warthmcaisidedeser wit length of
a nEYIRT vetthedshil %%Qg?es@&%g%ﬁ&déﬁ gj J}tlg,[fﬁ: gﬁngﬁgﬁ is' 10wl B that of

frequency circuits as ng equ
bulksepnet. alnadditipy coprive mtaxenndscts uyimealtyl snfferi ihcredsedidvataceodeattering as

theffiRHRAL &3 JELE %e& Qe‘ril W ‘i&f" lglg,ﬁsorﬁ Iex§etn &5 eull?éontdlt}c Wﬂ? g éopgeer is not

I nt erconnect om na €S a

Lo
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frequencies and that the dynam cal inpedance is not

sensitive to imagi nary inpedances (i nductances and
w@apadaidoances). The nanot ube i nterconnects ar ePCT/US2006/015055
. n K that
o IERA IO S 1OBRRSH, HOGSEARSHIS 0T SbEe R s tha
oﬂcoﬁpeln rTTthshmer ueis viita nebopeanotubed art spgtidr nofterilatanogpabes

we nmeas ure a resistivity conductivity of 1
mf?W’Bﬂﬁc %"’rtgds‘flw}ésr than that of bul k copper. In

addi Olu%ﬂww’é@ﬂﬂﬁ%uﬂt AdsEfioN RESAsShit ViR ihabtue Sithd £quantum
i ncreased surface scattering as the di nensions are

trapemisaian Kue, pefholvtritoteddwetis ndpstance aydbpth Aeangi god geometric

cagg H&:t 'TYJ; fc%et@cf 1n&19;'9&91% 05' fn HALIRE ﬁ@tgbéalfs abdht #hpl Q.ﬁ'ﬁ g\‘ﬁl?nerlcally
ca aaarrion, e current ensit of car

thn;agms&k ubﬁets agxclaetiie 1mbaia1m:ef ofdopprdrere ITsuis mghmtanuenl However, the

car.hon nanot u are_super teria
reeatﬁlaf@abera nif ﬁt%}lé&hﬂ%?@fw i ggeﬁlastféﬁ%rﬁ%mVFéfnm‘éa?ce will
d&;ﬂﬁété’ Bk etfucleimbdandtes Gl Rhi LSRR ut TRIGHN R 1 A3REk WaBed
forms a quantumtransmi ssion |line, with distributed
nanpm@ i Bheraferacvhencensidening e tapelisatians of pangiugeciritteicennects at
T vi dual
no u%rgrﬁl%ﬁmesbgﬁt &Zs@ﬁﬁ &ohﬂ%ﬁg%eadr&ﬁn{ﬁ%on m'g{?g} e
r [ s éldwevamnthe pondrtiiviy of mpeddecs logerition I_cpppm exreryingingndtines

' ct ance. wever, the resistapnce th is
o B oS s bR R TR p bt st b st
sefidulal dearimatifioh e kinsticihdnctntdgred angeayalf nhicb e RN Bies lower

bel ow about 200 GHz for a single walled nanotube.

thath e knghendygiange elymandedrd gagdgieappl i cat i ons of
nangg %\9@ SoSmbRb& EQRNERE issth@&onﬁheﬁé oVau %Oﬂcrlf)&ﬂeﬂﬂg§ bfposed to
t he resistance shoul d be the dom nant consi deration.
m&mmm@r andtthie rqsmmdm swilicy thefi copmeowirtrerd thessaing digesnsiphrafherefore
b i) '
QR il S MO KD SRR Y W ol W llrdofiiis.
ad‘dﬁioaj there s csmttalb hétbvecaﬂ&taotube% daeith l«tmamn indubtendel Tigs isdn contrast

i nduct ance of an N-arra nanot u is.Ntine
o BT oA BT R H PPt G ese
fabtBrsSésMBonfmahotilen & sup@for kephéran §l€aspsetd bid@béiBance.
circuit conponent (as opposed to inductance and this
r esi Whilgiie nventiona %Uéqeptﬂﬂarp woigpeRodifivadieny and algmeygeforms,
[
T PR LB SRl e LONARA A6 Bt elioed in detil
It slmuéib;mmdgemsd hbwe\emahett thsrinventier i nptso he ligiited to-thapdticular forms
Or. metl\lNede? %t IS’I\R ?0 thg lél‘?ntrta%, hx rl]ne\;elnt(l:on is guc%tvgr a‘fl odTitv]é? 1011#1
Past ductrance
equivdlsaB and ﬁltm&ntz@l ﬂﬂlmg héheftoy iritaod saoﬁeﬁﬁ th@ap;alehdeﬂ hges.
factors, carbon nanotubes is superior to copper in al
aspects of circuit performance. Wiile the invention is
susceptible to various nodifications, and alternative
forms, specific exanples thereof have been shown in
the drawi ngs and are herein described in detail. It
shoul d be understood, however, that the invention is
not to be limted to the particular fornms or nethods
di scl osed, but to the contrary, the invention is to
cover all nodifications, equivalents and alternatives
falling wwthin the spirit and scope of the appended
cl ai ms. REFERENCES
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What is clainmed is: 1. A high frequency circuit
conprising: first and second el ectroni c devices; and a
Wo2006t14069 | Nt er connect connecting the first anBCEEsImNE015055

gg@@ﬁices, wherei n t he nanotube interconnect is capable
of carrying current at high frequencies. 2. The high
What sglaénesdiscci rcuit of claim 1, wherein the first device
i's nf i gur ; n .ectrical signals to the second
1'dev%%g%6%§u$%%£ﬁ%ﬁ§?%%§&ﬁ%terconnect at high
f r efigemdisesnd Slectidnée devigbs; amdquency circuit of claim 2,
wherein the first device i onfigured.to send .
ol cLrTPRF Tusrire oS P g BEORT RS Alsin hp nanotube
intérEQRBR RCIaB 106t tryihg agtenPatdhidbHrequéhciedhe hi gh frequency
circuit of claim?2, wherein the first device
2. conflhegughetiequency sHenibptetamil o whergin dheffrst dpyige Pﬁ@nf?%%‘tta pnd

ele{;{rm:ﬁrs N0&Ghe &kodd £Y1E Oﬁ}tﬁesrllaﬁ_f)tuﬁé inke%%ﬁecgat(ﬁtf%refre?_uenub@.

I'g requency circuit of claim1, wherein irst
3. andTedugntieqiendy cisuieefstrin dnphersia the firstrfisyigpis configured to send
eleé\t}t}igﬁ %i!gﬁzgl? *Fr]i'a t}% nar-lx- eqhgﬁogﬁe%gﬁ%@%/en@eg Sib ﬁea&fo.é:d}ﬁk.m 1.’
er ei°n € nanhot ube I nterconne conprises a netallic

4. si nghechigiafré@encyairbdnofitdana 2utyber¢iBVIErst devicd beohfigpned to send

frequency circuit of, claim®6, wherein th ube
clepiiEal EB LS RpFFPSBTqeBest 1t TRES %{m%aq?@ﬁ@ed in
5. @ PERAlifEhre@Efd@ N ircdt of Em NI Gherbin GELIRBICHA 6édoBAddvidek each

claim6, wherein the nanotube interconnect does not

comppifg eingeoteleriapdfeiuct i ng nanot ubes. 9. The high

fre ' i ' ' . S
6. i SPE LR chrgl o T, SperiEEfloL R infelohR cdfprises 2
metilllii single-waltedrcaibon béretuba (OVDEe | nt er connect is capabl e

of r.ryi current. f.requenci of a S ;
7. 00 B PG SRl fgindr ERERES: Bho b 1nERRhachs Mifrice
mor@ebie SWNTRated hea pailet gaynect i s capabl e of

carrying current at frequencies of at |east 2 GHz. 12.
8. The ¥ i ﬁ?@ﬁ%@ﬁgyul&?fr%mt@ herEindpeao i Bjeg{opngch loes ot
cmﬁ?ﬂﬁ%&ﬁﬁoﬁﬁ&ﬁ&ﬁﬁﬂ&ﬁ&%_iS capabl e of carrying current

at frequencies of at least 5 GHz. 13. The high high

&t gigacr.

9. f r eGhetrigly freduerayicirewt ofcladmnh, WhergidheiurentiaZhi
i nt LS & of | oG bEMter@hnect is capable of

10; 7 SRR EEhich S FOARRRifl ), GRLEH Aoh b Rl Rpnect b sapable o

cargyingenirentoft fredughereslof anleast éiMiHz toed & GHeui t i s a conput er

progessar .operatin a clock frequency of at | eas
R R e A
car®@figd Qg 4 feqirntiesdf af legsyueyed. es of at |east 1 GHz. 15.

The high frequency circuit of clajml, ﬁherein t he
12¢] 1 b6 Beh SeaiBTHEvE! e SEF Aot EP g i onE fcgpable of
cartiRPIMBRAYat BEqRhcib LA ledst FdATANd the nanot ube

I'nterconnect i s capabl e of ) _
13.  The high frequency circuit of claim 1, wherein the nanotube interconnect is capable of

carrying current at frequencies of at least 10 GHz.
14.  The high frequency circuit of claim 1, wherein the circuit is a computer processor
operating at a clock frequency of at least 1 GHz and the nanotube interconnect is capable of

carrying current at frequencies of at least 1 GHz.
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carrying current at frequencies of at least 2 GHz. 16.
The high frequency circuit of claim1, wherein the
W(aizmsuildosfrs a radi o frequency (RF) circuit operar/UROGH15055

- . hi uenc a

1o bish GRS oy BE e BET ol S fond s o BB Bfpogoor

opBiafil itraéwﬂabﬁ fieYuehity 6t leadt 2\GHandAlOiaubibd tepronfitnBChsable of
and carr current over e nanot ube i nterconnects

Cagying CYEFD i‘tg\%ﬂ%%’ﬂeég at 1985t 219]dZ. vt hod of claim 17,

16Wher@l Bigh BRqRARS MRSt | w&leﬁfsp RRfSthé &'&@thpm%tfm uency (RF)
nanot ube tranS| stors. The method of claim1 7q

Glmmepmrwngheahiahﬁ@meoﬂﬁ@ek@@ﬁﬁ&ﬂ% conprise netallic
17s,| ng}ﬁmgalgoqnp\?ﬁ{n ngubes (SWNTs). 20. The net hod
of clarm ein

€ nanot ube i nterconnects do not
co mooupfheg s pawasnuiue tol zﬂgghﬁmemdyeﬁcuﬁmen‘gh]emmSiehmdrcoﬂnects, and

claim 17, wherein.the r is 25 . mA her.
o TR AR Sk et o ors i Fapgertdh; 22

18f I equefeho@ bf @hinl ERSherdihie datuBe SridetthnedSinteldt@nstehdnathbe
of, claim 17, wherein the current is at a frequency of

tragsistplast 2 GHz. 24. The nmethod of claim 17, wherein

19t he TaUEARYE of Saifd 1 AwhEEAYREMoRbe RlerdofRStls confpte méalic single-
The method of claim 17, wherein the current is at a

welled gubercyanotubest(SWRES): 10 GHz. 26. A conputer program
205t 0154 ,2003 o%l%mtapﬁ V&)ngg u‘fﬁ@ Ja%{;tugé T %%h&% i A%{t nprise

frequency ‘circui nano erconnec
semmucﬁng\gmoabes nst ruct| on for si rrul ating dynam cal

anc s .of .the ot ube i nter.connects. setting
t he frathed 8% leuﬁb]efgﬂ%rgmé]f‘e PLent 1ﬁ§£6§ lgg?vft er connect
228U bsmaﬂfethah byclgaie, whérei thtCcukRi i§ ki ERuéicy bha least 1 MHz t0 0.8
respective nanot ube i nterconnect; and an instruction

GH%r simul at | ng current through the nanot ube

231 Nt %991@%1%&5&1%& 1 @herdin ﬁ%hﬁ? tﬁjﬁi&ﬁe&? of %astz GHz.

si mul at ed dynam cal i npedances o anot u
24 nt é“h@ mqﬂned pbelaigi7l7, Wheemdhmment ipatodregners oﬁdttd«tam P6Hz.

25015 BB PALEP o)A s Pl SPUER G

26whe Eﬁ\edofnphfw pogfafeyidred Sa éktﬂﬂdgﬁhécﬂur&tfora;uﬁﬁlemtgei’lﬁgh Béquaiicy circuit
b | east 2 GHz. 29. The copputer program of claim 27,
2iHE PHIOHDE HECTEQIIE IR ORISR | at ed at a frequency of at

| eash inb@uddoi for simulating dynamical impedances of the nanotube interconnects by
setting the dynamical impedance of each nanotube interconnect substantially equal to a dc
resistance of the respective nanotube interconnect; and

an instruction for simulating current through the nanotube interconnects at high

frequencies based on the simulated dynamical impedances of the nanotube interconnects.
27.  The computer program of claim 26, wherein the current is simulated at a frequency of at
least 0.8 GHz.
28.  The computer program of claim 27, wherein the current is simulated at a frequency of at
least 2 GHz.
29.  The computer program of claim 27, wherein the current is simulated at a frequency of at

least 10 GHz.
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