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WD 2008/ 024726 PCT/ US2007/ 076345 CARBON NANOTUBE
CONTACT STRUCTURES FI ELD OF THE | NVENTI ON The present
WO poogf247061 rel ates to carbon nanot ubes and norBCT/US2007/076345
particularly to carbon nanotubes in filnms and in
sol ution. BAARBBOUNBNGTUBE COXINCDYTRUCTHRES
nanot ubes have received attention based upon their

extrenely small siz % {} d excel |l ent
electrical and therBgL ,égdl@—hﬁ»—m acteristics.
HOWRY 8fresch BlVeRIGIL $elatl ItS eca%ﬁ”né‘t‘ﬁfdbb@ G ﬁl&ecﬁ’aﬁ*ﬁ&ﬂaﬂy to carbon
nanot ubes. For exanple, a filmof aligned carbon
nanateres trubless dndsn sdlitewt. r i cal connect ivity throughout the
film But each carbon nanotube may act independently,
and the film def

have t he rlgldltv

i n(@f%ﬁﬂﬁﬂ@ﬁb&ﬂhe&'e%eﬁi zﬁfenﬁ@tﬂb@&ﬂ L@)bﬁ lﬂﬁdﬂd BGenicdy k@aMsize, high
positive connection to a device _under test. Carbon

strenfgﬁh and,precslentyelogtacs] Bed ghepmpleepnidpctiyity| cheragigristesisyHpwaver, challenges
I
anscmﬁ%u%déergﬁ% \Iél‘?hc aap%cgln&glg%% b}g)fé ex%rﬁﬁ?,pa! ﬁ’“'xf a?r%%ﬁéearﬁ&q{anotubes has
elec@ﬁﬁlb@iﬂnmmiy ulhresgltat fiat filnex Bub Bdchmag.h)npiaasmbe intay @&s$ imlependently,
result of bein fix he object. 15 BRI
and thediry efPrng @ﬁsgﬂﬁrl&y Dﬁﬁv\ﬁh@m pot hpve dheyrigidgy ren@ cligiciiy desired for
test ‘iﬂt@f\% gc@otpélggl%nt% 3d'rdcoﬁ%§§ SRl vk e Fc%d'g sy O QSm{b%ﬁﬁn to a device
nount e hereon according to sone enbo i ments
undqrmsentl on. FIG 2 is a perspective view of a
i.ficial ubstr te and rglate (ﬁrlal

Q%O}lélla{lﬂa miyoq, $9 IB)ehaIB)Ihe pap HB$ W%W rlaglrlts in a coating of

the 151?{5&1 g e@t t%ﬁ’tnfhé‘lﬁﬂessﬂlé WEthHh Rah RGBS PR @ls 38 CAE RAMon nanotubes do not
nanot u 3is a view taken along line 3-3

exhibi h%h(BlaSQCItyFaS@ re&ﬂ‘i of bamgenfiveadge thoxbiset.of t he structure
shown in FIG 3 depicting a portion of an exenplary
met hod for rating
car bon nanot UU(:‘b @W@@E%@%&zﬁ@% lar to
FI 6IG 4l depiledk digeram piyvt o0nprobe edrd axsenplyainylutidghqioticdicad mounted
maki ng a contact struct ure i ncorporating carbon
ther@%ﬁe@%l@g to sagggrabodymenys gf the inyisBEen-ve view of a

foi & @her%&ﬁ@é He® W#acﬁhﬁ%ﬁ&bﬁ?&&@ Eh@lre?%[e%mfagegials illustrating a

ustratl pOftI on of an exenplary met
portinia lof mtgeﬁ:nqﬂzlry acthelt founkking aicnotactponetiiiengearporbmg carbon nanotubes.

: i s..an,enl d view taken al ong
ﬁgég"bléavﬁevﬁage gllon%lrl’@ 3'8 I?Ei(ge?per spective view of a
COFI@CA iShd BOAMES vidIe Bf RRIAuLME: SRR Man @t H@iﬁ@tmg':d Bortion of an
erspective view of another contact structure

exempi@mrrp@jh@f fon glakmg@mntag@tmam inpergorafing carbon nanotubes.

FIGs. 5 and 6 are views similar to FIG. 4 depicting a portion of an exemplary method for

I~

making a contact structure incorporating carbon nanotubes.
FIG. 7 is a perspective view of a sacrificial substrate and related materials illustrating a
portion of an exemplary method for making a contact structure incorporating carbon nanotubes.
FIG. 8 is an enlarged view taken along line 8-8 in FIG. 7.
FIG. 9 is a perspective view of a contact structure incorporating carbon nanotubes.
FIG. 10A is a perspective view of another contact structure incorporating carbon

nanotubes.
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WD 2008/ 024726 PCT/ US2007/076345 FIG 10B is a cross

sectional view of the body of the contact structure of
WO-2@8/02402 t aken along line 10B-10B in FI G 10PCT/B$18687/076345

11-13 are sequential views of a process for growi ng an

al IFgB e B R roess Ratohulbécw bt thatodabf theycoh@ct shaotuposfatied 10A taken

' sone _enbodi nents of the present invention. 5 FIG

into
abniﬂn?%m%4ggﬁ%ﬁﬁ§1%MVieM/of a contact structure
! n@%:@qu@lt? & <€ eﬁﬁﬂ \H@VV@BPQ?% essFi}oﬁgrd]xén %nQJigned carbon nanotube
of eg b éfle

per spective vie a patter car bon nanot ub
film fhaBmaiy deinscompquaed pee samecmbeinmedts ofthe pidsentafveRrti@. 15

hayi ng metal slug attached to the . upper .portjons of
t nbCalBisr FATBHISBRS™ Phe EpesictpBuCEdCHFOR NG Capbghgotubes.
t he1Gardign pRRPQLIYE eRwaf aflafrernd® chrB¥EhdREibeWIkh t he
filmrenoved, 10 and depicting a plurality of netal
po§lG, 1one wispaptivehview of tevitlmesbFiéddd Havimm a metal slug attached to the
atterne car bon nanot u he Figures presented in
unp RS s PR AL ICER 407 on are vi ews of only
paF{G et gra vigwhgthd Babort AMYtEee 0P PIG] hkvelfted, REth the film removed,
devi ces and net hods of nmaking the devices. Toget her
and depiptiggha piuplity il ﬁ@et@le}gquﬁsi, e 6h Whidleis Fsihgwpég(ploded from the patterned
mosisate and explain the 15 principles of such
CMbQQV|ce@&§hd nmet hods according to sone enbodi nents of
t h&@he nFgntdsopresémed tihecdrjguties, withe thihi ddkarggonobire views of only
layers and regi ons, may be exaggerated in sone .
partieylt arbe fhgn ceipglefaryPorfipny o1 thg] dovitse afidrabedy of making. the
devibhiat Tc‘fgé%r By iPYRY fdll%wﬁl?g REL DL @S Pt??drgg de@BnstAROLIE Bxplain the
l'ayer or substrate, it can be directTy on the other
prin¢ipleeof suchsdbstes and, mashodsriceordery togohmyantsdmyntalos theb@vention. In
resent,. The sa reference nunerals in different
the [reints tSPEeath EHie ooz Bl ot Do SiFLsa upme instances for
clarig;elit il 886 bt Rhi@sodMHat when @Mykt BdefcEd A) 4sEiing “on” another layer or
SCRI PTI ON Exenpl ary enbodi ments of the invention now
subsitiate} ittran chesdiracdp @nribe etheuldygr o substratef e mtarecnieg tayers may also be

acc anyi ng-draw nas. ,Thi s..bnvention ma h ver. b
presgiodt e ien ity " e te SRt a 1By Shae Hement, and

thuseldisddsuepticas Wagibo@nliited.t ed to the enbodi nents and
aspects 25 set forth herein. Al though the exenplary

enbodi nents are described w th resEect to probe tips
for testing sem con S i\ ention is not

SOEF(IErggfa%ﬂ b d FAL S UBEn iR nog\}r QA1 NGk dlgsctriﬁ)gd more fully with

Y
app ti'on. I'n general, sone enbodi nents o
refelieneetot tho acqonpanylieg coawiags. 'Bhie merhorf mayahqwavbe be entbiodied in many

.l S so referr tqQ herein as .a.contact structure. The
dittedpi TRt Lok End e RS, By BipRed e PgEnsataand aspects
set HARAECAT, b&lﬂldﬁ%ﬁ @ﬁ&@&%ﬂgﬂeﬁg "éhflzbb@i%_letnﬁaére Bé‘é_éﬁb@(ﬁwﬁﬁ Respect to probe tips

nanot ubes incorporated therein in a variety of ways.

for testingrrsmaenpductor dise thaibentioasoraisedinmted he cgr bamsehingany probing
N 1&5#"1in a trench in which conponents of the probe are
PP Hgr aphi cal |y formed. In another aspect the carbon

In general, some embodiments of the invention provide contact elements for a probe,

which is also referred to herein as a contact structure. The contact elements, or the entire probe,
may be made from carbon nanotube structures that have carbon nanotubes incorporated therein
in a variety of ways. In one aspect, the carbon nanotubes may be grown on a film in a trench in
which components of the probe are lithographically formed. In another aspect the carbon
nanotubes may be in a plating solution that is used to plate a probe or a probe contact element.

In still other aspects, the entire probe or contact element may substantially comprise carbon
2
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nanot ubes may be in a plating solution that is used to
pl ate a probe or a probe contact elenent. In stil
wo@ere24spect s, the entire probe or contact el POEOS200HY76345
substantially conprise carbon 2 WD 2008/ 024726
nandfibiels Un2iapl¢hgtbadms tina madludresirbdnadnopibe fdmk athe ditisis hkegtbe patterned
i ncl ude car on nanotg?e films, the

to prg¥ideaFHsdn VPSR draied da rosit Rt%ﬁtaqdqt@mﬂtlopa?flt?r%ﬁwn nanotubes.
£ 0 AT fsi- BnitRleASE leﬁ%F)be%%tafcpéfbs&ftb ?rkl%o Q%m{édﬂﬁﬁt@éu?%% be used to
A non-limting e ary probe ca assenbly

test ioh¢ wstmat altvices Bh@&r EstcdUD® msadotdancd esth sme: embucbnents of the

. devic nder test i.n ace or.danc

inv Qi AP HACE" B el OGRS Boviords Balfolsd: - imiting exampls

of TAIES idcPicCoteyt G rdléiecyﬂ £€nbifghBtell @3k@cbnductor wafer, one or more
Non-1imting exaggles of DUTs i Rcl ude one or nore dies

semlcﬁncawtth%r@mgmt froamd viofrd Lﬁmcclwg@/da@retrn,padwge@s amr@rr@y of singulated

] di S| n&lfllllcart Or. 0 hcr n Wafdgglﬁ]g P&S 09 more multi-die

Smn%PHhEQ #S OSeanlarray of “si'ng ulaﬁh%g ONadctor

electlbiEss ﬁhb&@l@§ Qﬁhc I0f n#bré€ Pfihfe@ Icirdhit Bbzﬁﬂﬁ dﬂ(ah? lofi@r &@)él oFelectronic device
one or nore multi-die electronics nodu one or

or dgpiees. pMNoke dpt dhe éarm Dbblaragsused rheasiy, t?tffﬁérto {oi§e0roF plurality of such
£ device 10 or devices. Note that the term
ehc@%ﬁgﬁéag%sed herein, refers to one or a plurality of

Suo?t’obcebzﬁ'dterswnbiydmﬂ cas .indPudb electical asm@ntmlrg/ 1000 whath can make

i nc] ude el ectrical connectors 104,
clecigical connegiionsowHi ct PB‘WL]“WQ friestery P%ﬁnamf @Obﬁh%éf gpm the tester (not

shov(;rpanﬂ%bé chfi0dss nglpﬂl)oof EQMIEH ?nc'itﬁ&t &ntdeP AructSROWIS -configured to be
Probe card asse can al so i nclude contact
pressdragrinst esd 406 maiwfalgqmm@di cbmlduaoﬂssthh es[se dndaiongut &mohinals 108,

which 13 EE G A R Soomasiavgn AreDlgr L1 BB euRar BT 10 in this
cxarﬁ;ﬂ@tcﬂﬁtcoﬂﬁﬁlﬁc aOfcnfcdddlictb? Qelfcema¥@an®n@dct pblsT 184 Ghdrfon. In some

exanpl e can conprise a sentconductor devi ce
embhélmenngs c@mca@truqiar@s 19@ean e aemlicnt ar spoimg-likermyoptiriesnt s,
ct_struct 106 can_have resilient
cpP RS T bt EPoieat KB g ol b Mooy gontigured o support

conr@bﬁa@s i10g! bete eARCOKriBuLs S UlKS tahdt p@vﬁi@nﬁlcg&ifceld cbﬁhcctlons between
port 20 connectors 104 and contact structures 10

com@ﬁ rSp}%traiecoata@& BFYCEHES E¥hnle Py |y e mRRiecard é&tﬁ@é%t@ shown in
FIG.lpﬁ assesg%{tsﬁlsls {ers uﬁthléﬁgﬁ ntl'gt?lg Tjtilﬁ?‘las t Atﬁr ﬁroBE %QI% assembly 100

car shown ree
can baMleshoator Sowal subarayds. iShoemhe rFIan benewiraty whstrat@ﬂ thevhich may be
card ssenb 100 . can hav r fewer rates

a prepg, 1 # mt%%%fr ap%statwf sauta@ ?ét@trf@?fﬁh\t@ﬁn&aybsmte 112,

1ntc1}ﬁ€scr auBLPRE 19@! dnd 3Rob %%s@ﬁ%eﬁ 16¥hstycak@dd Jo‘f »arBpR of material.
probe substrate 116. Wring substrate 112,

Exmmpkemﬁ@smﬂﬂsswamnaﬁenda&;wahdenanusmhsnnad@utmﬁbcam a ceramic
e, rade of .any type of terial. ~EXx .eS 0 ui-.t abl.e
subsfiis A Bt ) Rt wIREH 1 CPBRTRHSRS Rf o Fordif are also

poss@dlé.cuit board, a ceram c substrate, an organic or
I nor gani c substrate etc. Conbi nations of the
f oﬁé@mquccaméct@lns énot mﬁs@@)tﬁa@ bemrendded Gem conrastns il dhthrough wiring

subs%rﬁtgglul\gﬁh?owgllr Ig%taé:l neduer oVlspd ng 1ntc(%con%85tns%ﬁl Rl %‘Rﬁ Other electrical

connections (not visible) can be provided from spring interconnect structures 118 through
interposer substrate 114 to electrically conductive spring interconnect structures 120, and still
other electrical connections (not visible) can be provided from spring interconnect structures 120

through probe substrate 116 to contact structures 106. The electrical connections (not shown)

3
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30 substrate 112 to electrically conductive spring
i nterconnect structures 118. OQther electrica
W@ owaezteons (not visible) can be provi ded froP@BEpsI0NY076345
i nterconnect structures 118 through i nterposer
throwghotht hatigg dubdtrite 162, daterposalshiyst@andde tndvgrobpsubisgate 116 can comprise
i nt erconnect structures 120, and still t he
clecgicallt icopdiiclivg nide tiaS5RS ifroPy Pathisy, eAn @ént%t%‘gﬁr Bifinge gubstrate 112,

inte 6 SRR 14 Nngh PP HANGGLrafd 116CT Ur €S 120 through probe
strate 116 to contact structures 106. The

eI &iring cabsteon 2t inmgos¢n etbsgitownly, agd \p@@OMBMdM(S can be held

2007/ 07634 throu h the wr strate 112,
ozclHt By BaSts Chpgieralhes ol Bl o000 SoNGRFaiog of PEOLE g assembly
100 SRS inSERIG. 8l i ek drhSiddy! only MPMGEhMEiAd B8 east loREIRBtrat®drCand discussion.
on, within, and/or through wiring substrate 112,
Manwwmeatpmgem@lﬁb@tqnat@dﬁﬂdltloasn@re possifae.s hpseanpts, a perbe card assembly
100 rSan aé\%sfﬁé%zg]? % r]?ltgF X g‘tgaé{%s {)e & ,plolﬁe légultqgg {I%at el éf"obe carccii assembly 100

shovit BCKES.S1. 122 aablEOEx @i Ith piobalRhel iﬁgﬁﬂﬁy l_ﬁb&an have more than one
configuration of probe card assenbly 100 shown in

probsubstrite; (§.gex dfp Pt ACBHSh RRbE ﬁtﬁostg@tﬁﬁm bg @éel?e@fieréb{seéht@fable Non-
hmlﬂl;ngdéﬂéh{é)?% &ﬁr%&g%agd ﬁ%g&tﬁll%klﬂ}a E%lnt}{ ¥ ?fdé)?&h@%gd%es are disclosed in U.S

Pateetx dpplieatioa PeriddbeNcan d/165,88%tbfiled 0@ 24n20(Hve Aédidonabrnon-limiting

exanenlgfrigOi@rgEt A allfbea%@( 11§$16R;;ﬁ]5r %S}ﬁral Ac‘rgl [i:SL6 ; hﬁ\?ﬁ %2?%4%58 and U.S. Patent
No. 858985 Land @1% a%r@tﬁ@ntfo%@&’ U3§§§t?m Xpﬂ@gtl&ﬁgeﬁ@% 1PN 65,833, filed June

than one 10 probe substrate , and each suc
24, pohend vhsbnafatwanobéhe p@bp@ﬂdiemisbmbwj destialiddein fNose patents and

limti I f d
ool e Re Gotit PRTBE el raeh gand “fai U 40 pag en
AppiGEaté SHbwSEsthneg; 1n]a151r11§§ﬁ&f3§sh16ﬂ1 | gdithbyRdhéAorms and a contact

2005. Additional non-limtin exanpl es of probe card
clemgyt anvidateslsgenerally jat 6% mﬁl@d 6 dquringsxemplasnstepgofor fabricating the contact
elemePtg (rZ(g()me%ﬁo ica(c)ﬂ egamﬁ}%§0§at I ? errf:cli %goaSGIC%engQSért}a nq"h t%ps described below
for fArichbbg B3Fontatd denehinad ik aﬂé@hn?goﬁ5 co@hé cWatidn@téSa beam, which is also
features of the probe card assenblies described_in
referrgghf@dcpran ansinggrepnngeion; ARG re ety I9BC PhPRBYBAEYF ¢otact clements
r I
and éﬁﬁw@cfglgglggé%l?aé %%ﬁ%g Qésle& 0[8 1?&13‘?%41 \Ea!rlg'us’ Jeg)fbghlﬁ?e’nts of the present
invehiidrhdgargpéther fypesnsf eumthca elemehacmay bd: eombingd iwithi t(hatbemkn with other

rally at 600 in F|G 6, during_.exenplar ps f
Wpeg é?gﬁ%e%fﬁf’l‘ﬁ PHES O AR Y e thsFelrpe %60‘“’@8?&6‘&%?“ &8i81Bh or a contact
elen@prit%lﬁ'dé&rﬁfg 5 ek sth;f)@@ﬂ' thé vesidh. t1p. The steps
descri bed bel ow 20 for tabricating the contact el enent
an@ohgderatgt fohibig. chmlChmmdagtneedlhyrremﬁOQ cam boeamdnthoghipble form for

fabrljggtg%?ﬂ%tacgelgg%ﬁtle hqeéerenlﬁgr@ﬁ 6%]2 g): t er glﬁtn el%{zerool} masking material
204. ehemlsgn&lg @Mmaglw REmBR tiRsisaphivatl rawn hey WiRd du@able fashion. The
i npl enment vari ous enbodi nent's of t%e pr esent

masking appterih 204anay bt nlmtoneym oy ¢bert weteble henvepl Masking material. The
masklgg%a?e% IE\M pantb%e 1@%@6‘9 oﬁl\ﬂh% rgulr?%c%eorfa %lé/ cral %ubs?rg% 6 Substrate 206

S, Or WI any o erconnec

may&le8itRoh of oy atherosuitalsit sutdfrare| €heEe tnaWalstiétond @paiokd ft@aase layers (not
fromthe scope of the invention, Considering first

shover) detvgeen ,sHl@ﬁtré‘g,t@é g HEslng JaysE 204 butcanpy ofast giethod for releasing contact
elendcht QRGBTSR MSubRR 1&1% be used, whether or not a release layer is involved.
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fabricating contact el ement 600. An opening 202 can be
formed in a layer of masking material 204. The
Wop®aleg2202 may be forned |ithographically orPCTUS2997/076345
ot her suitable fashion. The mnmasking material 204 may
be Appio 08, esdosticwrblamy FIG hEreas bitoadbke ity pebsdfatenEEkisig; any suitable
mat er lrrgls sposed

ctchi3R THEO ARG OB HeREY Iy F AelHOTP R0 Showr i the drawings.
Pit 298P$dr &hfp ?eogan 'B@Wor%‘edsﬂ)}l hl‘f'&lﬂn letciib Bt ﬂ%EeeaLihtsﬁmoﬁ substrate 206,

substrate. There may al so e or nore release
whidhdyes ragispmayic cechquor)ertiest \AEdra @rlfelsmtlag oD 6s a:radleda§k1|s mpgoduces a pit

| ayer 204, but any . ot her nethod,for relea cont a
shapef XS A Tatserot st o DBkt anhes o, So e e oRs iding may be
&, thR¥8 hoin$ is ra¥ @ 226k I
oD o o B ol r“%o&,b“gﬁlzgﬁ’ﬁ‘@rébﬁ%@nﬁg@ ° by 208, namely
an invgricd érueqaédﬁiepyramtdowglm bsmaltflat 20& 3024 Ay shawn wlilabl Etchmg of a pit,

like Pltt Eﬁ%& Eﬁat h%lqna%%%com etﬁglt Eg Blgngaémanar%onta% ?%%‘%15 dfefs}?ed

exAfRl dorntdion F FioLOBmkil 9w DE! ﬂia‘s}hb&ﬁ:rﬁdife@ rfesie 8dbstrate 206,
in silicon substrate 206, which has ani sotropic etch
althqyeh ge pill seon berfern. this supling layer 204cap b dater splaesgioidlyanother masking
e
layon MEIPERE SRR R Ak uPpGURRER, st B0, RUSUAE BBy 3@ b blace, rather
thanmeyioiag its fro ppecvehe ftior pretdne esahfile komteinplags panoting maskmg layer 204,
reached thus producing a pit shaped |ike pit 208,
as shospan i 1Gah i nverted truncated pyramid with a small
fl %tlsoasﬂ)i%&fnqg 21G a@ls%%w‘ys't [hggrl £, %/‘hléﬁtlg: B ii‘gef&frec?tomerem as a base, is
like pit 8, may be ellmnated conplete a nore
depgsiterhiato ploar)&md leiee tiendurfase oligsi 2@das shbwver Tlﬂa)crameelyst tayen#02 may be a

it 208 skin r 204 e.r ved
et e Pir OB Bt b SRR GG i h e s Bian 503 i EIC. 5. The
carbBR KA Msoiﬁﬂdewbdbseh&ﬁ&%rw eplimceektdiny BORLAGNyst layer 402.
masking layer 504 in FIG 5, and it nmay be possible
Thenegrg rvarmtys knewai Wramfgk grvgvmeyerbom@mqtmb lacémerfslnhé(ﬁ on a catalyst
layelg3 21%” ca aPD‘E aggrr%dr%o Ay go%nrn%esse\(veagtsl ee gb I’}Ior quﬁetﬁmﬁ the present

invefrida. Aéll ofhe® EBWNfilni o tdsborft narotibes. ablably Sdfeﬂ t@yﬁigléaﬁlled or multi-
which is also referred to herein as IS
wallgd gsugtyray of grrgompionpoigrEed) ity ﬁetgb% Wéths%h?la% coe. Eh@ nanotubes and
nan&%see ﬁﬁ*ré%s/ gpd% anll fcg\%l% la%flecs‘c%: géﬁlﬁ}é%r i fe % oc?ﬁeﬂts 88BLAed herein are
excel ot edetréo] g@miemrd @nd&terﬁﬁl?onganﬂeﬁls of terldile streagthand clastic modulus.
anotube filmb5 IS deﬁ ed scherratlglﬁllylgylifres .
Anoligt grogeivy thet BrY r%.r%? aptagesyis thafgarban Jpretyhe filgseare typically
plas‘éfcn @@“tﬁé’?ﬂéfoﬁﬁreaﬂf}p\)%éﬁgo&tﬁé@ QGJnnﬁﬁQﬁff&@nﬂ}} |tH@y rﬁdykt?e 1thdif deformed
2, on"a catalyst [layer, like catalyst |ayer "40
whemnyot pfrt tof eis eomposge-rRy dﬁ@rwu;r: tindzirporhted 1n1npbﬂe¢res1rturctugest drewith other

" resent 20 (H]}]rﬁ/entlon of themgrow a film of
StUCYE SERRPLHEE BSEL: whi ch refer to single-walled or

MulAtfier thWa¢drgsh SdnoHbe UTIRS502 isFBfR@NasAiWh thF TGRS, FiHher Steps in the
tube with a holl ow core. The nanotubes and nanot ube
process| ey grcb\riﬂ dﬁmﬁl‘f@tgnllam lo& titagyinfng fnQj sBowm), coeper (not shown), aluminum
(not %ngrg) g{h%r %a‘f I‘bt%giterlglr e&{] sl Is ate %86#41 &0, el seﬁlta aﬁ%le deposited
dietorsand ver Cendie

sequshtidy@i bnBrughe @ asd laﬁjerﬁmialy|‘tiéf‘depos&6@tﬂmeh dﬂidsﬂmgtnyaytﬂ'miy sputtering or
may have sone di sadvantages is that carbon nanatube
any p‘[heﬁﬁulg\b@ W@péaﬁi@matwely, none of these layers are deposited, as shown in the

drawings.
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25 plastic, i.e., they deformeasily when on their
own. Put differently, they may be readily deforned
wWoR@R/omMIR6 part of a conposite-or otherw se i NCRCPURADBOTG6345
into other structures or with other structure
I n@okqond tnedkinp elagir r604A dnelse hlblﬂledafvfaﬂ Radrdieei wbestiatd E(I)6 and metal
502.is fornmed as shown in FIG. 5, r steps in th
layeysy Hcawystheiepni haiet 984 sy quﬁatqda%ﬁ% waﬁ 'th %ﬁwaﬁdf at least as
thicld Qéj‘ﬂﬂ‘) destOP H’l’ﬁEkI{eQ@Bf %&ﬁm)elerﬁ’éﬂﬂ @O@uﬁ(g?lgg t(lf&?ﬁeé&o%ﬂ?) be 25 to 250
or other nmetals or materials, on subStrate 206
microangers altigughldthedp ehldlemsses et @emelté riecaid maskingolaygr A eas patterned in

s ko e iy oy S0t R ey Beeto.

Al AgteRBhdn¥®) 506 ma@le‘afastdamea 3y RI'fillc@NatHIGRAS th&i€ 1ay@8s of metallic
shown in the draw ngs. 5 WO 2008/ 024726

matqp@ir pQ5 20 §'FP 0F.6 325 Syita @dﬁh@grﬂﬂ@«m@geSSm booeddadepmsit the layers of
metaﬁl@cp ma{%naloéﬁ%rm %%&:atrnlﬂf%rl a%lg%o dipggse ttrhgltg%g ﬁggvgn 1[6)111 H% e o(gncte tl&e metallic layer
602 umdépwﬁécu rﬁd@kﬁgtlblyeﬁ ksnasis sirfp@bd |a$/a§1tusing3&$1§l s@&ablt: Rb&kntasnd contact

the desired thickness of contact el enment 600. Typica
clemept Q0 sdeased Bipmisacriwial subpgate 200 d o kaewek Blankgrt hough

Yy

oL HELESA" 1B % gty SHRCCIRSAE U shown v FiG

Catabyse tiyag4BOEart dieinatisclglbedo dn Mach ph teni2@ed, the tz&alyst layer 402 can be

openi ng 506 is forned as.descri bed, s fil]led with
remesig Wt SBNg qravﬁ?rgv% g eon Ritogtteaf ilng @92 qomnpyrygating with a

surf: myofswﬂa%p ERmleht 8&9%‘?@& MLRiESfon ?/ b@%ﬁ“éﬁ)@sﬁlg portion of the
ep05|t the layers of netallic material 60

carbom maertulanllng dhed ep fush twhitht suafaee kbbwhltérnativiely, ar surfa@n beyer of contact
the metallic 602.i s deppsit.ed, sking | ayer .

clemsaofiE gy e 3B ial LG g e steBes e e MR hich contact

clenfeBNE@LHs forkRde beMRAthEQPbdrSnaneluBa e JonoMhis a&sulté iCh gﬁauow layer of
substrate 206 in a known manner. Thi's proce55|ni

ﬁlmr(@nb\sleovm) ?bla"r 19 amo;ed onosrefaca oAt y@@atmgy@hamngha esﬂil@uxht of as a

“bea,lrc{]edF ernbodl S 5L {ﬁé’? sho er %1962 iR 1c§I 6 Gt Of o Ieve n%%n ltlel‘tf)ets in film 502

plPaC8H M YRV he"cht A ys?lPayer £62°8 A" pe

exteﬁd? ﬁﬁﬁﬁtﬂle ByMrfedcCHANGS @ihta@t blemshts@®)0. MaaVIrogdesas B@ehg, high-conductivity
nanot ube film 502 conmunicating with a surface 604 of

STUHR tf%@on&cgﬁ& APAGOD 2 sTRCONduioRifvicat PBh DergysoBlnpy02 is incorporated

into COR dO fhef(p RQD JpERE ﬂb@@dfas t Ir}i’%ltudlng “beard”
i's ? TS[ éur 26 . k? {b € FT(%

ace ernativ a sur
portloayé€ tarbdén n:am@tubetﬁlmélOé ieuntedfhinvathe laentsd:tl pgh 1Dy ofd Dthl 10 (FIG. 1).

cobacenag et oMbE Srory be BTG ol diaH than erow, or in
addlﬂ&pﬁ’)t B&idel 1Hcaln AR 592! &3bdH Sanbfibss §a|ﬂade 191We&&MQﬁ ¥ material 602

| m{not Shown) that is exposed on surface 604
depqsrt@htmt(n pit BA& andropérting) 80G. hdlgsh tarbén asncdubet lverabeldobtributed throughout

enbodi nen not i.e one i ich s of the
the PR (Om bt e B bt st S5l e Fbsrateehanleict Bio layer 402,
and fdplAGE sOM Ao fromOMide maRligNE2tis AR cARbSmPiR\HaASEbE.

strong, high-conductivity structure for contactin

padln Taare i dwinductiGegiphicdby fqml@d b@éé,uglélwteﬂrﬁ@a@%ly gt 700, for
fOI‘[I}lII‘P%(zaQ gga(%n %b@ F'I@t §nf§10 SE(%%ct %l‘é%c %éemné ’%2 is formed in a

P'ace & uppor t "he prb%]l
layer bﬁﬁhﬁﬂ(mg rnaterlal 704 that is formed on a sacnﬁmal substrate 706. A release layer (not

shown) may be deposited between masking layer 704 and sacrificial substrate 706, although
techniques are known for forming beam 800 without such a release layer. Additional layers, such

as a shorting layer (not shown), may also be formed.
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portion of carbon nanotube film 502 is urged agai nst
the contact pad 108 of a DUT 110 (FIG 1). The contact
wWeb@aee72600 can alternatively be forned as f oP¢DUS2007/076345
Rat her than grow, or in 25 addition to grow ng, the
caraean bé been50 B]G Chopating 20b¢ ankecudaspposing Rhéxdtisd710) with end 708
.the material 602 deposited into pi.it 208 and opening .
being @grrovrﬁrutgan gng E)]d)nthﬁ]ﬁ’ﬁ dgipag @atﬁlpg@uiﬂ §}(1q,geb{3tsg@,ﬂg be appreciated that
any § g@&'?&ﬁ%r otﬁéi“?nt@i‘%ﬁﬁécﬂl)n glgl%eﬁ'th:‘a%ltérﬁatﬁjeg bfusefOr
, material 602 can be electro onto | ayer
40As shawd i ﬁéGpHB attien gpren’ 1samealt¢domoatalyshla|ya11 &2 en m@posited in

oveniy PO o6 i PBOTS oy SrRam Rt ittt bR pab Rhtse o metal

seed 18br thais dg’&)sft&f [ DEnGv D ﬁﬁﬁh&oﬁd usBd ) EowBa cdrBbn Ranotube film 804,
contact structure. In FIG 7, an opening 702 is forned

alsojima étnoww@rm@f Thaswlbf@t laeer 802 abuld g aphlagd ¢y twemmeer the other of the

sided ﬁ C%O%f It Col]p%mn%j ;}§§ L8 %%?ower Fflac a;?lﬁ)gl ég(ielPSn]%f ﬁlrn need not be

appl&dab ithd éﬂltﬁbtysdfhﬁlgrr@s@rﬂ% 808 B(ITBJlSQb Ot @th'Uﬁldlbl@ﬁpIﬂfeﬁ to them all as
known for form ng beam 800 wt hout such a reI ease

showrpyre FIG. i apfteroflan 8P4y geowns gpening g03 is iled ividh pney@y more layers of

s QRG99 0 IR, of B APUBLRLIEE it

layei7 O2 layar, inehidugebwppodinfigdendsectioplatingd, G0 VM PNDe sﬁ@t&nng Further
bei ng n wer than ed 710 t hereby defining i
teCh?lﬂ‘é%*é’i%g]a% el mpy b s fuimpRieraen thecinyensign Ragan Dgrigen in FIG. 9,
bears %804 04 va%lé‘ @ﬁd &1 afiGen %‘é%l‘?ﬁbdeﬁnetgﬂéﬂfn CRA at end 710, and a
alternatlveybe used. As shown in 1gter form
narro“&@©n<il 854 méhathedss farmoert taWyEdt end&p8nn gRxdirgai2be dep05| t ed

SRSy B b By SRS e AP s aion

grovsl'lﬁg Qhe E1BSN Fifn 4OP, Q%fﬂo%qlah&uﬁesmﬁ% iABBINRY iR MaRHaltRposited into
grow a carbon nanotube film 804, also in a known

opemp A& to e thedicamy®)0. [lajhes waﬂzcaﬂ:z@mnan@eb%m@n ibedisgitiujed throughout
the lt:}e% Og(rﬁ). g{r:] ! Q}ieaﬁlg)tl O\r/%%r?lfgsur ac‘tzel % ec? g}/] ele& lgtfm P gelrigpforming the
bearh idtoop@iieh ’mﬂ, aiBthe pRing 8olution b welfitih ﬁﬁte}habﬂ‘orrﬁﬁl}g behm 800 is plated
surfaces 806, 808, 810. O it could be applied to them
can gqmprise NaEPtaleswn in FIG 8. After film804 is gr own,
op I
oPAPR A pdh St DT Pp TR S i+ sl
pastenﬁtoh stabsvirmy e&pﬁvalﬁr&dnettﬁladi é@asndt sbarein) @an beaypglicdao the upper surface, as

vieweli sy, ofbese Dt iondo eyt mens O0E ok S e s Ay be invercd

and Jth@%%e@&%tﬁ@h@@na‘l‘ %@ﬂjbé Bell TP]oB B m g(ﬁﬁto'tﬂé’@rﬂfs 0P Bostf@m 904. Then

can be seen in FIG 9, beam 800 can include a w de
beang 860 882 be wheastd e faornfiwel ubstope AdM by Ep)ﬂmtlorenﬂhemm solvent or by

s 306 e S e S B, T A men o

Confabt ETBEc@500ahdyOVS affiRed REbedn 800 @ OWnowh nhaﬁiné}dglgt QA ts@lder paste.
gr ow n the carbon fil m 804, carbon nanotubes can

Althpmhet! dig@!ulﬂ wetaparegiatedr thafl anoretp@milwcfor igng speta¢tridemon 600 1o beam
800 %guld %e uaé({' fg ?%GS%P%% oﬁ C? QN?% ﬁcgtg%] agtﬁﬁlaap ’\5% c%gtscict clement 600

andeegaﬂm(ﬁcantbealﬂngeﬂymebe formed by el ectropl ating

material formng the
Beam 800, contact element 600 and posts 902, 904 can be collectively referred to as a

probe or contact structure, indicated generally as 900 in FIG. 9. Posts 902, 904 can be joined to

terminals (not visible), in a known manner, on substrate 116 (also visible in FIG. 1). Rather than
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20 beam into opening 702, and the plating solution
fromwhich material form ng beam 800 is plated can
W@ 09pi0245e6 nanot ubes. After renovi ng maski ng nmeREr/U82007/076345
704 fromthe configuration shown in FIG 8, solder
beln@ ésﬂn&d(lﬂah opbong )7001in eqndsmgememmnen,i tab béﬁh 800 rat be formed in an
can be applied to t per vi ewed
open[u?g {;r}ogs cgwn)()?tclg‘éla% ‘@ngé“‘f?d gﬁne s%g@‘rg %2 As yet another
alterAffe M%%am%@@aﬁ 8Q f&ﬁ{édq{%‘ a dgﬁﬁﬁﬁaﬁgn %? al"f‘B etﬁ%(n%@ Ll%&n) formed in
or other material can be used to join b 800 to the
the savd§cief sqﬂlss*ais DPE2 and @ik, offdmeny 7%a1mrﬁefsﬁmgamatbéalr @04 askidh can, for

exarg R Gt 5 B ST e 6o St P 4 BHARALHOTE 7 B houeh oo

are shb'@n%éﬂé%%v?er;ib%stgb@ 984 clifBSudele contact el ement 600.
Contact el enen may be affixed to beam 800 in a

kndW ereimnplery, C@t@t strugtimg P Womepe pe p@@te@lenteAl witobgth ¢arbon nanotube
udbea d _that .any,technj
ﬁlm?@n ©n Cctonta[:t g@ée(‘%eg PE@ % 3 d oI iat gubgce{ﬁraﬂs@é qnnl%arn 800, or it

coulll ®& Hinbféﬁheﬁfeﬂ%ﬁlﬂbﬂy‘lfne ok GnlySthe Aﬁleﬁﬂﬁﬁhﬁi 56, 13en MEid d8bon nanotube
contact el ement 600 and béam 800 can be i nt egral |

film8Q# ferencd pe swifaEd 1 0dointthe vpnsr syriee 98D of basen PUSFTGEF2As can be seen
r

o RO S 6oL S5 S PO L 128 B £S5

bearﬂ 80@0&93169@12;1 d9®ﬂw61alrd11keethm anedwed in FE}* ¥L Whispufsrtbd carbon nanotube

ﬁlrn\;ﬁ()é If(gt:n?d q;lrlgqt%sur%?c%@gt?g g“%g}pﬁgl% l’Isl %B ! rl%égcg%%gg’%ng légl?ghness of beam

800 ﬁggitfr%%@ Qe%{s@g@d?’rff g‘raclgﬁé NBtHeP hiFRS alstaf Be P%Q I(_if%}%%l_tédqal@ng the axis

g materi al t he beam 800 can In an
of the pearn g0 (tcnaxtd csrrmhm)ce etlecttecﬁpmpemxthelr Kmmmsfocﬁ thedgainr800. For example,
a hiéﬁ}g rélpﬁglfolugiéé rne{ tlggtgsncé%%r): et %gtf?rgr}eﬂe%r ﬁqqpogted to promote electrical
condu@MyGHt thOBea2f 8607 RRSIMINE Rt msBeWRIn bOFdBEd bP defo¥ed to promote
sacrificial substrate 706 and the opening 702 in
resilipnekofrihe heaneB@tal 704, which can, for 5 exan‘pl e, be
ngC%ralt fjeglla\aflll% et Pgletnel gg@(lﬂ%l}uﬁg (Jc\émﬁ )bta mp eglreélteéihlg Vavn contact structure

1000Y8h&w®fin F@\EIOAD(ISdIﬁaCQQtZuct&@q Ooafdarbﬁlchﬁiech boliyel 002 (Wthh can be, for
exenp Iar%t contact structure 900 nmay be inpl enen

exanple.f wie hétaff%offe}nﬁmgtsmntefqorlﬁ@%g clgecah rﬁ%tm@?m‘ﬁélﬂ@h can have
resﬂggg oﬂ %?ﬁn%z f 8%(&{&%@ &Ar ]pér)r%hnotﬂe 8tcH1b E tgﬂlﬂalgﬁ)gmgt?atg%%;}n turn be

affixeti €0 otdbstratofl 006. ISMBstﬁiﬂa’ZlO(BOﬂay H’emaprohas bdatraraddesbisth@® 116 in FIG. 1,
fil m804 f or med surface 810 is In er surfac

excegh $ub i, araheBats fike £PRsd StagiiEe d0gk 1%2“@51 108 ey than Tike contact

strudi80opiPPR; Of contact el ement 900 can be urged agai nst

a sem conductor pad 108 beam 800 may flex in a
dowonacdstaictuee i @h{urthsr eanemelddé a chhi@:t demditil@0P thag carhbe mounted

ar bon nanot 804 f.orned beneat urface 90
on 15" fgite; B oF Fadvas0l Hoce 1 foan shER e aitiyEgemof00s may be
htho@ﬁi@ﬁical%gﬁ)rﬁ}éd a4 hREndrQirhBE1t6 oM@ GHAE KOO Gxcdpk FRE it has a different
materials can be fornmed or deposited al ongothe axis 15

shapgfas cifeby éﬁ‘&mbscmmpen%gj eprggct eleheat H00Sdh &6 e 04 motheroniagisclement 600
in FR. J € ele entt q8?§§§1mh§vquver t?lf-(e ?ff%n&t ghap]legl than%ﬂoxxn in FIG. 10A.

onduc
&@ﬁ%,b@ﬁaét@ldﬁ[dﬁﬂ%% @h%tgéneﬁﬂﬂy square, rectangular, oval, etc. rather than the
generally circular shape illustrated in FIG. 10A.
As is known in the art and illustrated in FIG. 10B, body 1002 may be formed from a

relatively soft core 1050, such as a gold wire, which can then be overcoated with a hard material

8



10

15

20

25

30

conductivity of the beam 800. A highly resilient
material can be forned or deposited to pronote
wo e@Bl2epnce of the beam 800. An alternative enPOOUS®NT076345
of the invention can be inplenented in a contact
1053 havigg drrelati2ély hiQOyickhamwngthn Fbt &andf)é). thEgbldaire rnay be coated with

nlckglg@rx# Ctgg% 152\98&601%?1]0'@ el’{llﬁ%te pl?tg?go?(iﬂ?ggq%%lﬁ \éw;rlelégveclg rLalrd core may be
forrﬂeat l%r S9! ?fﬁgtdr Qthef hf‘:‘d@ﬁgs vy cahQfan wgl‘é{%d%{h Q@M@d contact material,

resilien r spri 'l ke properties)-can be nount
sudam@pkhtnal 1004 that can in turn be affixed to a

strate 0 S rate 100 y be robe . .
SuBRt: Sripy RS ITR RS B G fyoiie RnBVE Bt (ipghpiaues (e,
electtr&%eﬁﬁc%p @%)ewith k§14RB Lsaktios tHat %Mh@lu&@@ﬁbétﬂndﬁb@beé‘- P#54. Carbon
rat her t ke contact 25 structure 900 in FIG
nano@dms HES 0§tten uwpplreé ﬂl@p)@ldfsqh rn elution rani medyu de raadalanma@porated into a
platlg% agﬁe Q%ioorop%atln Eﬁne r%gxté%g% OQnet T:nel n‘g&) IFI té,otge nanotubes 1054
can Bzﬁie dni 4fhipgy aphthe abﬂew 0b DA dan ﬁatﬁra[[ﬁ@tﬁgﬂi tiseinibeIvag gérQ:rally along their
contact el enent 600, except that it has a different
lengthl ayith the cernl 058 as showmyn Eﬁhﬁ&ﬁ nigpreaamales sk is @omgpper wire,

nand&;i)bnga 4 ﬁ%ﬂé’n %Jt%_ g‘g@‘%‘glggﬁm%@v\mg%?ﬁ %%n%&v%p?lgtgfhel? lengths, as shown

in FB’h dPBs at materishfoyn thaplklifg sol@tn plétey o ﬂ[md@pemmé fozning over coat
ment 1008 can _be ge eraII_ squ tan ul ar,
10543\T S cagy harcs ipuneyiand cRal e Pg{)?‘b’ Occliishpuld b5 gapreciated that

the l?dldlrytﬁ)bﬁ %En?ge Pﬁte’ﬁl (e c%gﬁct ﬁémérﬁ 1'@08)\6@11 b@ Bfa&% & ﬂle%gy 1002 and the

ustrat ed formed from
contact clemheat i10@8 yansiod plated ne aQ@Ed}a,ncs uctlh wsh alatjog deohnllqees In brief, either

one @% %g&g?fgc?%t%gelbe 0\(@9%6;}(; E@%’V\f@g f%’g%ﬁg{@% o nanotu%es And these
nandt@e@%a%e)ﬁn&ﬁrﬁ&aﬁéﬂQﬁéj%r%‘wri@zgﬁﬁn i @('Snn%é‘tﬁlﬁmvﬁh alliteeBPhet process, as

wire may be coated ni ckel and its alloys via
descapedinregnheshipe aithgiles i 21§, byQdetines swiuyt describet aaribpél By graweng the film
and SQLS, My be forned, by stanping or other processes,

%% ch can then be plated with a good contact material,

SUEIGAS 193l dbpicd s¢henakly vewanif,a d@tﬂﬂm k@O bEfym had pélake dhructure that
usi.ng known plating techni ques el ectrochem ca

rnay;heatqomatewrtmsoanep%tq%e%Pfﬁhp @F?St?fﬁaltVeé‘aW ilhcl ude
FIGC#{ beF QiR ULHAES: FHIRH 1062RAL o %@0&9 Qe%tﬁi gﬁ{tﬁ'{b 1102. Catalyst
suppl i e and may be readily

suspended i n sol uti on®
substratedrlpdyr lédeate bthboceaalyﬁllaﬁelrsn gnaydicut scod nﬁe‘:be[l tidtag iised tb@eyw a carbon

eover one enbodi nent s, anot ubes
nan%@@ ﬁlﬂbwglfﬁeﬁa%r% S%\‘F?raa\f PANWRYS &7 gt%aé%m f@%dawab%lawnombes on a

subsﬁ@tte Uil thy cabbi9RadoR S ﬁtcggﬁrﬁé%ﬂﬁfcﬁéﬂl%d%&ﬁg of fhe Efes&g invention may
lengths wth the core 1050 as shown in FIG

incogozatplagy of thes® amor@@;ﬁ@s ils additioppengled ccesbon rmamjtﬂmssﬁ:e also suited for

1054.in t ti sol uti on c n tend to,a
impiEg e hSTRERY of sl Preftel, S0, Rk B B, 1. cpualyst substrate
1105 8kn @8t FRta®f d¥n b0k Ruitdbee pis@t(ﬁdights\oh}uﬂd%epra%bﬁﬁn@ﬁme film 1100
the copper wire form ng over coat 1054. This can

can ehgraneen e gHalsisubsitte biudhe vaseling filhsay inpbole intprnal spaces 1106
i bestwgéﬁ Qargoen %B{u%gs ALE gre rggtgvely compacted together. The carbon nanotubes each

have a diameter that may be in the order of a few nanometers. The spaces 1106 between the
compacted carbon nanotubes may be in the range of a few microns up to several 10s of microns.

This produces a carbon nanotube film that can be relatively plastic, i.e., it is easily deformed.
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t he body 1002 can be plated, the contact elenent 1008

can be plated, or the body 1002 and the 15 contact
we@k@s®om72d.008 can be plated in accordance w t hPGLITR2007/076345

plating techniques. In brief, either one of or both

of Adentabén edrermistfilhOA80 angrobadys db@&?edmﬁ)FIGn tl,udeetal layer 1200 (in

carbon nanot ubes. And. these nanotubes

y be
FIG; Tt oMpib patwach5en bgrBmisddo an PRI SHIRCE d b FiGG. W) efcagbon nanotube
l4i ¥ ;
film llt)dfI Olglgsargli'ﬂl E@ Qécgf:n??@hed sp i 82%9 sélgaé%f&?@&‘fﬁlhgﬁle‘é%u}er 1200 as

I ng, as sCri , ~or bo
a rngalowhlgp batihg thd $h¢pe amjmp IlraFI(hglz 40 tHHk Gpproadh, lcandiep'ivctepoxy 1110—
chematic views of a ﬁ ?r]ano ube.filma

whi c}omﬂr{ﬁ?seeqomgemplﬁggﬂt G nsuch a5 S]i YFEO_C?&E?E applie % tg %urface 1104
of cABRP HAdTRMeSi1Rf 1 100eTRE RE slLPVERDbHQRe mcthl Ty lj()b ca@ then be set on

carbon nanotube film 1100 can be grown on a catal yst
surfagq 404 andecan 112cbychet meahenicaliyansitalestrécally gonnerici éo edeon nanotube film

r catal st Ia may be a seed netal that is
110(&%%% 0“81% Y gy oﬁ nanotube film There are

SeweIFad. Kmome smyt&ret of gIEW A if slowmoinvatéd aed wir &ﬁzﬂyst layer 1102
nanot ubes on a 25 substrate, and the carbon nanot ub

remqvied o BOPROEAE RirBaceEaR Phestban rmotube filindd BkCatalys .hatyleb h102 can be
t ;
rern({% ?E%gﬁlc%ﬁééaﬁot 4 Rt noﬁﬁf&ﬁg) ff(LIJIEh 6}%’6, ey leaving the

s are also suite
conﬁg‘ilipdt@ﬁ&fftﬁl(ﬁg 18nbate sendtsrcaff Kifbe 1presehd usadvand camact Asement 1400,

d IG 11, catalyst substrat 11 can firs i
thélecarvq'i)ﬁ @aa@m Emtact SHAWPB eI §e‘n‘é1ﬁ%¥f3(‘f %W%ﬂ%’ 4307 Wexhematic form
in FlRAnRon nanotube film 1100 can be grown on the

catal yst substrate 1100. The resulting filmcan
i n&sstlewn mt BiGhdB, sHldosr 13506a80¢c |dnpd36td/\eethe<sa1rfwril300 of the carbon

nanQl T LR et oo sy B HedRREbR: Lengi Sy ucH Fen comprise
rnatérﬁi% REH S siBfer,ahd UMD BRBAESE bS anyTBtﬁersaa%ﬁa sidﬂt%ie @att%grthe ends of

conpact ed car bon nanot ubes may be in t he range of
the @nbmheml@t tne the file émﬂeﬁogtthqresca@fbmdmoeutﬁsi in apgyj manner suitable for

depd%}rtl(l)lg;’lsﬁc Srnaterlafs 82 g@ eetglglg,le elgca ;P osft 1é)n %pe\l}%ce &gl%?astglﬁ%’e}l ’%) Such a

layePQ'idﬁﬁoﬁlY:g@;%G@e%&eeanb %ﬁn&ﬁbd@qﬁatﬁaﬂﬂtth&ﬁlrﬁ 1100, 186h ks reduce the
% as depicted in FIG 11, a nmetal |ayer 1200(|n

likelpoegd tfj_az)debgﬁ, ©h resdducopidebecorie lgégeéipgq frapped prathe gopet surface (now

r 0
oA D Sonkd ol AFBLHRS S 50 cn provn
debriseparaidak ythitomight gptietvide bayee 0300 as trappadeinathesgapg between the
havi ng the.shape shown in FIG 12. hi s oach, .
nanqgheL Bemy gk o 104 0B taghie iﬁﬁﬂ%n@lﬁwpse oyl can "be partcutarly

adva!nfgéE@LQ;nlﬁt &boihbhe Bt AhichSémbhcaSleRichy $100CRPMPS: éﬁ?l@élc{ & for contact
to surface 1104 of carbon nanotube film 1100. The

struatgpp drkesdongict stptrsy h@6 nﬁFIﬁ 1 aiwrarﬂl@@i et merbmlals DUT, like

0 ur f a can.t her chanl cal |
DUT Fh0 el TSRy TR BP A5k SOEEaeh inARORIBR V) e 1300 of the
carbéd REhoviiR fiikel 10gnducti ve epoxy 1110. In FIG 13, the
structure of FIG 12 is shown inverted and with

cafanipst elq:rasné r1499 gan bqetta€b¢éok¢e9db0dwrﬂd§3 ébqéé)%ﬂtt@gh%i to a terminal 1404
ona sulgsttagee]lé@ hl%fl g?a?rr N 1ot ﬁogtp flfkle " l%s%rgl ) llgaﬁ % (? 1t except that the

probes paeﬁe flike recb@taasttmmmw mozbm IF"IIG m411‘11%r tHahLlﬂ(d tﬁa‘tblli’tgct structures in
t he

FIGs. 9 or 10. Body 1403 can be, for example, a wire that is bonded to the terminal 1404. Such

a wire can, for example, comprise materials and/or be shaped so as to have resilient, spring-like

properties. Contact element 1400 can be electrically and mechanically connected to body 1403
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configuration of FIG 13. The structure of FIG 13 may

be used as a contact elenent 1400, which can be part
W@B008/020Rd act structure or probe, indicated gePEr/EE1097/076345

at 1402 in schematic form in FIG 14. 15 As shown in
via &F$dhderkdnnaatibi 1108, el kg0l 208 rabh praéqrosiucaal aigidityethat supports the

surface 1300 of the bon nanot ube film 1100 in so
Carb%%%%t’ﬁ%% 1l 410G prosyr %dép%ﬁs Ulggy @pAIRSS0SRHPANUESR pad, Tike one of
pads P(fgjfd PR, IMBtiRh 11806 tﬁ&’sﬁ@es odl él%/c%rlcal chﬁ’tg&tuéHd structural toughness for
probal | oy, or any other material suitable for tying
makiﬂgarelmattd podssurt kenneani@isigesstifads o BRffist lle U0 10OBIG. 1.

helr n be de si.ted j.n an nner suitahle fo
ggé§ tl; ag éﬁqur?& ATV TR o% APy essn%atgfo&zlpg' gna 1gned carbon nanotube
ﬁlm%eﬁ%z[yog@ ﬁ%gjolra%u 1&@ S5thE 3nbEERRSst dfofRe pRlstnt)inyePHieh. B FIG. 15, a
| ayer 1350 can fill gaps between the nanotubes that
Catalts'@tr lﬁmrhleSth Which 0@y, cathprese ametal sedcleyerhean b¢ Resividedawpon a suitable
bec o r ot
base 1&6@ hééiaﬁa?gstsla é néilc':t)easw%%% m?%g?nc:‘oc} fj Qe(:f {eg?rirea %ggebt} as a base. A

carbih nhﬂ&u&%ﬁﬁ@i%&iaﬁ%@ro@ﬂ@ﬁ cafaBfst ayamﬂoe ElgyBélesl 30 of which can
can prevent debris or residue that m ght otherw se

be hekse baR9: |cgBdediosimed rimyspbantenetybe dips 1 W8 ddennymeer of holes is only
t t

exe @gf Hl?geSIBl; Cg%gé %gf;e?/?%ﬁllg ér% 1%@5‘& \‘E?glrﬁisdaeglggﬁsTﬁ nglpe of the holes

is lileemisntlémqﬂeﬁ”y ionlyMﬂlneclnolemﬁnamke ehyesieipt (4.400qdans, mectangular, oval, etc.).

tact structures, |ike conhact

for conta
Theséy ojey déé@ M6 bef% @C by, pitisgping catalsk dexcs O8Rt A ase 1502 using
con\Ieﬁﬁ(')'ﬂaWQt ic ltéclﬁl% u&uﬁ" h]-slgeﬁﬂég @@Q@&ne&p% pRat ?Pt simply, after

however, l|ayer 350 I's not deposited on the 130
catalyhtdayar ABPOs foemed onbbasbl IISGQ 1§10 holSs @ otsiEt e nmhltof]vdlﬁdl corresponds

o W BT R R 00sts ok e Rk T B Ry g aver 1500

As aREQPECAHRShdnBhBe fillth |‘1$O45 HESoBEBwIhRr iR hblcB(nok ,Vlsﬂ?iﬁq{Qkatalyst layer
that the probes can be |ike contact structure 14 in

150(}:0@15 mmdrl@qsrtb¢ stringivre] shrentindlGorif ads mentigaedsraiBough cight holes are
sho Oreor e()verlg Beouosl%/ 1403 can be, for exanple, a wire
Wlhg% onde&lti (}ie term nal 1404. Such a wire can,
f ONegi armétel, la@&@NYB00 San B tfeimal By giitteiic bebs neipg dosductse cpoxy to
to have resilient, spring-like praoperties. Contact
attach| sl sl thershpee of @@? ilaver | WOR A the sHanineagneras described with

o0 body 1403 10 WD 2008/ 024726
refe%%i/%gg'ol#/ﬂ?%% via a sol der connection 1408. WMet al
| aYIeFIG.ZICYOtlteaﬂtrupﬁum/d)fdlﬁC‘sﬂﬁus:thm inkergiddivitly cdthlgst layer 1500 and base

s the carbon nanotube fi.l 1100 as a )
15021 éna.t Rfetpmeg@ATRSY a5 dgies) E%Wd@%aﬂ%a%? Oﬁs % iﬁé%lﬁe catalyst
lay PR éﬁglsbé Hlegﬂag{caﬂ rlﬁFédrﬁéﬂﬁo&rwnoﬂdn@ﬁ%e gned: Bles tikd ﬁl‘ﬁkture of the
contact and structural toughness for naking repeated

film pné euragalyso tayec tAsonissilt alnen@tds pate fwiesDliRsholt i1 k@6, DRAT are exposed in
in FIG .1. | Gs. 15-17 ar uential views of a
FIG e e pBositiedh ymaiosarieiind 106 b nanot ube i1 m

t NafexiT@¥etdl&ah %%ﬁ@ér@d gﬂatbdﬂt& 0?1%‘@/15@"3% SHitdB dhfo Bk l%g@‘ surface, as
resent i nventi on. cat a St | ayer

Vlevwd it RlGraly, @ﬁmﬁ?qng@ngmh% film 150d hlSaQ@é il e@atnofiiée piebt/alewith round
rnetab gaggcs %é dﬁld ngf;liegsetu(?so f’ﬁ)e 1 % 982 S@L% Ef?y(f' Es &%%r %Xé)?o%%d Efpogn hole 1506 to

ctivély referre
expd3a 8. shépe of the stud and to indicate how each of the studs fits into its correspondmg hole.

Although illustrated as circular and cylindrical, studs 1700, 1702 can be other shapes (e.g.,

structures with a generally square, rectangular, oval, etc. shape).
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carbon nanotube film 1504 can be grown on catal yst
| ayer 1500. Ei ght holes, one of which can 10 be hole
wazes/n24gan be formed in carbon nanotube fil m 1BOBUSZNT/@76345
nunber of holes is only exenplary; there nay be nore
or Afsemesuylt bf ¢he, sp&ﬂ@flﬂgu fHeegntie® upsbr b&rfat&:eds vithed sSh&pe. Uf, of carbon
I I y; the hal
nano(t\gke P ]grme}%g/h Ié‘g% Isget\gl coevggel);&gg aspétéqredgh &Lﬂtaér(gotomsn) Cl%gown abrasive
plan%ﬁn% techﬁ{i‘@e@%aﬂ 8k %§ed1t§qgmg@é’th9§ (R dEd Y oP Ak LBH& s‘&‘éface This can
catal yst [ayer 1500 on base 150 usi ng conventional
also I filarfaoge #phingper esutfmequfésarbdrm ingnafefci Hbs léO@awltIE eathoof thheslugs, thus
base, Put si

| t 15
exXPP L SR S5 OlchlgntS BB Heer YRGS Faciigf e studs 1700
170 0¥ ithi 8 s G RICEEBRAN SlbstahQal ly@phdhiess, shbivk en PR &1 71388 ik B view after

car bon nanotube film 1504, can be formed in cafal yst
pbnwyy@onlsoo As a result, carbon nanot ube f|In11504

not ver not, vi si bl.e f.
| aye? resh}lti)lgx ¥1\"’Lr%qure 05 rngu!gg é ugefd in \Oerraél %ng Flrs% ?r:%/né)e used as a
contd@ clefentBidlihted 646 an ﬂit&tb@tﬁﬁbtl(ﬁ‘i @H’heﬂi@ﬂl g same rneﬁ]h@rWﬁat contact element
nmore or fewer can be used. 20 Next, a netal ¥er 1600

140Q wimgyatadstriady 03sp i e F4- g other Byrdistha gtr@%wa@é iGel7 could be used
in LA ESLARSLUAD S, ARG Chy 9K o povic
the suekatractal advafiaGes dbZnetiliayel G001, the brabetimanttafFéGof4—the underside

Is shown inverted with catal yst r 1500 and
of WB&&@ISO%@@ whetphed 1 ¢nl t teickds s I%Eiﬁ??érto avgreﬁégé PT plbgr interconnection

elerﬂéﬁnﬁ  thO&RE Hﬁﬁr’f‘% Rt sglldgscpon}ﬁ?tfbﬁ 11408 %omne%%tc%hﬁéétt clerfeéht 1400 to wire
| ayer 1500 can be nechanically ripped from carbon
1405hanot ube film 1504 at the Juncture of the filmand the

ca al r es.ul e en of the ho
Bl B St ol bl o ligedtt De ettt of iy Biffpgent scale and
prop@ﬁﬁﬁ@dl I&c&ﬂ]tsﬁseftﬁ@ Battr8 %ﬁa@tmﬁmufenraﬁieaha&@ust NeXEontd¥e tRIment or tip.
can be sputtered, plated, or otherw se déposited onto
Put differangipes propetly eesledaand pmew@dnqdnstmp@e hike thet sheaynbiorF1G. 17 can be
mouﬁf%ﬁgdtére% % %1'1 l?.g]lilj?]s g‘f"egbér ri*]r{é]tse lésdooC%%sPUOf netcllgeedktgla ubs ate terminal,

like l@l@[ﬁnallﬂﬁ& irStrad. 1940 I&lt@ﬁ@%ly@%ﬂé geactufer sivwiolie EIIGQ617 can be
t o, expose the shape of the stud and to indicate

propggioncdlike brams$Qfhef FIGs.o8 ‘Imr‘iit%ath%ta%lt?ﬁrt‘é§%ﬁ dikpy @0%?%2%04 which are
n t@%lh%ﬁ&%o%l {h%it% ih&do ﬁ sgl%)%e aﬁﬂ)ségé/tg lrigf | galys result, the carbon

C an
nanasiitreu Gitroir E®)4wartdiorathg elmetahlployts s tikampests r H@Daﬂ @Oﬂ acan pma'id,e electrical
etc. sha . 8/0 472 PCT/ US2007/ 0763
connegliqy betyge %@adi%% Pﬁ)IO e %@ SR PFSSUp pHadd mléhaté% uppge surface of

carb&'l awedubdfifrh F504 Tn FRE. LATREMNe f@ﬁﬁ{ay et sh&%)l&% stBdlrate (also not
al so be covered wth sputtered netal (not s hown) .

shovitn devwhahmacaleycr pb@lheani bei attgchicd chpi ke s selder jomt (e shaven).

regpve .t he sputter.ed t he upper surf.ace. This
cant e ST 78 FRE Bppah Brrkel Grdapign el In some
embﬂﬁﬁ@htébﬁ)rfekﬁrﬁbléﬂé sihiéthre@FaHN GOl 7 the b8 hliigsurd. "NSn-Bimiting exemplary
exp 03|namthe entire uPPer surface of film 1504 and the

dimangper ob e tuetuisiof 4G h! oincluea sediiaV pfebout 49 orcrametsrs and a length
L Of!:aggl%% 191%%13%&? eNng hﬁnt % ! &%%p?al l Xm‘fe%@logg 8f a §5d %W 1702 include a
In I , E% é¥

height H of about 50 rnicrorneters and a diameter D of about 100 micrometers. The foregoing
dimensions are exemplary only, and the structure of FIG. 17 can have different dimensions.

In addition, the posts 1700, 1702 can provide rigidity and elasticity for repeated pressure
connections with DUT pads, like pads 108 in FIG. 1. And the carbon nanotube film 1504 can
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pl anari zation. The resulting structure of FIG 17 may
be used in several ways. First, it can be used as a
W@ wBazt72€l enent nmount ed on an i nt er connect i onNPET/ERNT/076345
in the same manner that contact elenment 10 1400 is
providzuseneficialnprbpatidsd O3chi a3 ddot thérhal hind elefteitalwondisctivithheln addition, the
tructure of FIG 1 coul d be us in lieu of contact
touganesph th ﬂ&@@oflrﬁaﬂlﬂ "‘F?gﬁtupo? ﬂm 1304 permpfpmaking Jepgated strong
preséu@@ ?ﬁﬂ@&’t ks BE@&)é'eﬁi fhe ntaﬁ@tuﬁéﬁﬁn ST BT ng&isv Al ?ﬂﬁ J0&% FIG. 1.
layer 1200 i n the enbodi ment of FIG
unﬂepkmdetmgatarbdm oimaditee iftei cogtashgrneturtrethel Ge Wsed to make pressure

coneR RO Rk e e eeihatsdor S SR E s e Bfscshayn in FIGs. 9 and 10

or oBRk dffes CANAREC QRuAARS BOMBEIS tROREBEHINRhENENthe1th0fhtion may be
to wre 15 1403. Secondly, the structure shown in

lmplﬁm@ntec_l psiog anikiné ot meaufeetutig medid fasseeh cantast @trls;tmtes
r a aglrntglt ﬁgsecglb tan[%hnplrl% %%etgg elry:l‘llnél%%e%og% al;%t% i“:’ntvrﬁp %on & exemplary
embOdiffeatsanéredf, itashplildpRr dppasaaiiad trndvdtiop et bomasdified in arrangement

structure like that shown in FIG 17 can be nounted
and dptad crithpup depardngy pmasush nringiplespeiVg) clpigy all mehicagigps prd variation

lim&20 11 ke termna
Cmn%%gﬁﬁﬁ%ﬁglEﬁn%ﬂiggif?gégglﬁkﬂ%€91 % structure shown
in FIG 17 can be proportioned |ike beam 800 of FIGs.
8 and 9 and attached to posts, |like posts 902, 904,
which are in turn attached to the term nal of a
substrate (like substrate 116). As a result, the
carbon nanotube film 1504 and/or the netal posts,
| i ke posts 1700, 1702, can provide electrica
connection between a pad on a DUT, which can be in
pressure contact with the upper surface of 25 carbon
nanotube film 1504 in FIG 17, and the term nal (not
shown) on a substrate (also not shown) to which netal
| ayer 1600 can be attached, e.g., with a solder joint
(not shown). The structure shown in FIG 17 can be any
of many different sizes. In sone enbodinents, for
exanpl e, the structure of FIG 17 can be m ni ature.
Non-limting exenplary dinensions of the structure of
FIG 17 include a width Wof about 400 m croneters and
a length 30 L of about 800 microneters. Non-limting
exenpl ary di mensions of a stud 1700, 1702 include a
hei ght H of about 50 microneters and a dianeter D of
about 100 mcroneters. The foregoing dinensions are
exenplary only, and the structure of FIG 17 can have
di fferent dinensions. In addition, the posts 1700,
1702 can provide rigidity and elasticity for repeated
pressure connections wth DUT pads, |ike pads 108 in
FIG 1. And the carbon nanotube film 1504 can 12 WO
2008/ 024726 PCT/ US2007/ 076345 provi de benefi ci al
properties, such as good thermal and electrica
conductivity. In addition, the toughness of the
carbon nanot ubes that make up film 1504 permt naking
repeated strong pressure connections between the
nanot ube film 1504 and DUT pads, |ike pads 108 in FIG
1.

13



| mpl enenti ng carbon nanot ubes into contact structures

that are used to nake pressure 5 connections to DUT
w@aws/0zge be done for contact structures |ike PCDES2007/076345

shown in FIGs. 9 and 10 or other types of contact

structures. In addition, t@GeAémSodi nents of the

i nvention may be inplenented using any kind of

nanufacturin% nmet hod for .such contact structures.

Havi ng QeQOachEEHca CPMPEPEat ed the principl es of the

| NYE M ERBnAd B LI A Maviﬁﬂ?@sﬂﬁ&rtﬁn therie Qf)nstriéltct_eé hau! agranged for
I N

be apparent that the invention can be nodifie
mouatingoiy e mebrstratel@d ampkiniparadlbctupdl lvomectiep hetdtorg f r om such
.modi fications ari ation

s P hRnR e eeeliq e iRobagRbh SRRAR SRS o e

cl @ipralit3o WrEHORHI2HES omkalintdaBR® ¢/ith7H 3dtPace FFAhMBortact element

A contact structure conprising: an interconnection

for contaging a pad Py semicprdIct@eyicon that is constructed and
arranged for nounting on a substrate and nmaki ng an
el ectrical connection thereto; 5 a contact el enent

at tachedht acohhet istth@teoshetlimon vieesienthy d@nchca element comprises a

.. plurality of carbon nanotubes comrunicating with a

10 hﬂ“@ﬁWhﬁégygﬁnFﬁémcontact elenent for contacting a pad
on a sem conductor device. 2. The contact structure of
claim1 wherein the contact el enment conprises a 10

| i 8hogr dpbicaathétystrinouneds dlaip 2 $heikivetheanteaonnattion etamant comprises

.of claim2 wherein the interconnection el enent
Bomprises a wire. 15 4. The contact structure of
claim2 wherein the interconnection el enment conprises
a beam 5. The contact structure of claim2 wherein

aw

15 t hé. ti p The cofactestrutuonefnaltial 2 amdraihthe inigrdsoncatian stamyms comprises

communi cate with a surface of the tip. 20 6. The
UBntact structure of claimb5 wherein the carbon
nanot ubes are enbedded in the tip. 7. The contact
structure of claim5 wherein the carbon nanot ubes

abe

exbend By sagtacBruchise sfickiee wheretiethe tip. is dormugefrom metal and the

carbgﬁq ﬂgr?o%tﬁbei tcgﬁﬁ{‘ulrﬁcgte%itﬁ L @ﬁr‘ﬂ(%e JRgr gl N the contact
el enen 'S orne

from “car bon nanotubes. 30 9. The
20 contact structure of claim8 wherein the contact
el%nent further include

a ) )
The contact structure ofs claim 5 wherein the carbon nanotubes are embedded in

the tip.

7. The contact structure of claim 5 wherein the carbon nanotubes extend beyond

25  the surface of the tip.

8. The contact structure of claim 1 wherein the contact element is formed from

carbon nanotubes.

30 9. The contact structure of claim & wherein the contact element further includes a

plurality of metal structures dispersed among the nanotubes.

10.  The contact structure of claim 9 wherein the metal structures are sputtered metal.
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plurality of metal structures dispersed anong the
nanot ubes. 10. The contact structure of claim?9
wWoL@BMe2412¢ he netal structures are sputtered neP@El/US2007076345
WO 2008/ 024726 PCT/ US2007/ 076345 11. The cont act
st nuct uMae ebntattatrtdrordiosiginng wheretathe@arboamahotnBss @e upported by
ed b a netal base that js attached to the
G B GA s SR S0 Birdpirconmectiph é{e&?ﬁf act structure of
claim1 wherein the contact el enment conprises a netal
5tipthat is plated with a solution containing the
cadBon dén oomgsstructﬁire # dew tewhem éa doptachelcmontt @oiprises a metal
tru ture claim1. be card assenbly for
tip thagdy plgga PR S TYORAAY RSNt act pads,
10 the probe card assenbly conpr|3|ng a substrate; a
plurality of interconnection elenments nounted on the
subst r atedeing testedkbihggontapiatugiuge efdeiaf F.om  an
el ectrical connection forned between each
i nterconnection elenment and a conductor 15 in the
subst r atAeproBe @Qfﬂta@@‘e&n‘tﬂ%’ EoreBtingl Lednfibeiubtor doVIbe AR téntact pads,
each interconnection el ement above the surface of the
the pypbrs¢ard pwembhgcommpisiieal i ty of carbon nanot ubes
copmuniGating with a surface of each contact el ement
for contacting a pad on a sem conductor device. 20 15.
A mepleditpfofmakéroghm@ctimn tebaiiensd muintirde oa othpr subistigie and extending
definin an opening in a sacrificial substrate;
Y hetgoq | ayer of carbon nanotubes on a surface of
t he, QRERIABsonnB&RASToih&Bb@wRET Blchiiftcl RURLBY %[erﬁéﬂ? and a conductor
carbon nanot ubes; and 25 renoving the sacrificial
in theaylstrate]l 6. The method of claim 15 wherein deflnlng a

ayer of carbo anot ybes on surface of the o
coftprrlist STERF o Y FonitL e Saahn o femgpt above the
ﬂﬂﬁkgofﬁﬁ%uﬁﬁhﬁ@dmgf claim 16 wherein growi ng the carbon
nanot ubes i n the opening conpri ses depositing a

cat aillyghtm af qaﬂ@ndpémuhgs @mmnglilIQWI}ggwgh fiskirfrest ofccsch gantact clement
for %Eﬁf{@b %17%%%%10011 uCtCXSdeVlcg'S WD 2008/ 024726

15. A method of making a contact structure comprising:
defining an opening in a sacrificial substrate;

defining a layer of carbon nanotubes on a surface of the opening;
depositing a metallic layer over the carbon nanotubes; and

removing the sacrificial layer.

16. The method of claim 15 wherein defining a layer of carbon nanotubes on a

surface of the opening comprises growing carbon nanotubes in the opening.
17. The method of claim 16 wherein growing the carbon nanotubes in the opening

comprises depositing a catalyst in the opening and growing a film of carbon nanotubes on the

catalyst.
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18. The nmethod of claim 15 wherein defining a | ayer of
carbon nanotubes on a surface of the opening

W@ vpi2ees depositing the nanotubes in the opePCTGS2000076345

The nmet hod of claim 18 wherein depositing the
nanet ub@be imethde ob pRIMNNG wWhedirhefisiag adepeasof targod nanotubes on a
car on nanot ube filmin the opening. 20. A contact

surfage of e AnenipgFampsis %ﬂ%tl%fh?@&n‘éfflg@l igithg apsningp1 - A

devi ce tested using the contact structure of claim 20.
10 22. A contact structure conprising: a base; a
pl upal i thhe ahetbad mfmlaﬁandﬁuhhﬁe'mt tigmisenigt thet femohdse;in the opening

| ur al t t ttached to th
compies e it et ARG FIRd GBEDsGs. 15 23, A

met hod of maki ng a contact structure conpri sing:
defining a pattern on a base; grow ng a carbon

naRBt ubé ¢antaef struature nebelf jupiag tl@fam?‘félpd of glewatd fng a
plurality of nmetal structures on the base outside of
the defined pattern; 20 affixing a netal plate to the

tops. of Al feridel tbseBiing e cehtaetGtrt@RSs ofddlsind EgTOVI Ng t he
base. 16

22. A contact structure comprising;:

a base;

a plurality of carbon nanotubes attached to the base; and

a plurality of metal structures attached to the base and dispersed among the nanotubes.

23. A method of making a contact structure comprising:

defining a pattern on a base;

growing a carbon nanotube film on the defined pattern;

creating a plurality of metal structures on the base outside of the defined pattern;
affixing a metal plate to the tops of the film and the structures; and

removing the base.
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