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WO 2008/ 048938 PCT/ US2007/ 081423 MAKI NG AND USI NG

CARBON NANOTUBE PROBES BACKGROUND OF THE | NVENTI ON
w@20080#898@mN0t ubes-a material di scovered in theP€HDE2007/081423

1990s- have nany desirable properties. For exanpl e,

car bon nanot ubes can have desirabl e nechani ca

Propert ! ARIRE, p, Al EdHORM O RUNISRSpES "

resilience. ano her exa carbon nano es can

have 5 desirable electrlcal propertles such as

el ectrical condiey BEOR (1§ 9& and/ or ot her

pr (tparrlr tal £ Snbtu%ar bog,%al’t]%n gigs?(gxfse}reucfn oeka)lrlg fﬁb g%ee many desirable
prosauGds. dﬁmlekﬂaple otasboasnaadtobdsccah maeeedmrablempa&ma( p@Pertics such as

. Uni.ted States pa applicatio 2007/ 0051887
hig TS o GIER Db BSIEG. | (ReHRMT (X HaaR TH0SF Dpibpygan have
desiiblE 6leétfibal Pasheeian shén aﬁalsuhyal deh@ictieigy. pBStaukd6f hesddnd/or other
of effectlve use when the probe conegglnto pressure

ProResHtSacA b Ranotubes Ay b m&%ﬁ%g aiial, Fe@ Wijelk [ eRgstgyet probes for

use Ciﬁfs%m ﬂlféﬁtlctnlé‘ €3 CASRIR oA NRcHREope Refl | 1A RN, SteRdMBhtk@Ndpplication
def ormabl e, or el astic probes (whether nechanical or

Us 81)%@(}5&;&%7& Haewevar. puchrnsoley gicdalarsptlyairak g¥a yaaticat figicgion and can be
easﬂ’}l gfb%m{ea Bt Ql?er&% of @HQ&N@ B DRNGnLESBe U3 intb re‘éﬁfr% th%act with

dpplications. For exanple, a group (e.g., an array) of
am@h@bwhwbamw@@mpﬂa@emdﬂhnaprath&ﬁwnmhmﬂw@nrresponds to
n ct ro al .
con tglil:lt%é‘.d) 9{) yﬁ?}h@ Efohg% ki)%s R %ﬁgt c( 'téess gg%g't%gr 1111¥chanlcal or
eleoaioexeckranma]l) lage typmajlyanadte)f anttric Brotico n:ttaa@arbbm patotibrg hor been used

mn n el ectroni c dev
in ERLERIEEEES" oD e Bl cCurSEh (Lt G FREN T aiistigpy Be placed in a
patt&:&ﬁﬁa%ﬁe@ag@dto al Iﬁ&ﬁﬂhldf @bje\?ﬁ IMIE@ bﬂo@étﬁ(evg tﬂhlyﬁlbzﬂly contacted) by the
el ec ni c evl C throu | t est  si gnal S can
% pogey [ ?@&:eccrft?%ﬂe Ca%qc}ﬁCE\ée anly C?%§B%‘§emg‘ﬂtgﬂ’é1(°§ output

terngﬁzﬂﬁ o8 taf G1dokiB Qe Pl ¢4 5 ORI R nEtRW i orCAE or RRsP &NEREblish temporary
Thr ough such testing, el ectroni c devices can be

pre@vralh%adeeéectr@aban@?qﬁoﬁw%h érchdectionis depige dugyghexhich test signals can
be JrH\H&éd tg@h@é'léb@t%ﬁlc)ﬁe@@gz/l&rre p%hfe %fs%h&ﬁ‘te@f)y & lectronic device can
devi ces. Depending on the specitic probing
be spystli dardugh sudhttestiag, destrarisidebdsecan be cxaledtedtoalgtesming whether the
I | properties. For
o B ey 0 B el FRECRUGE 2 “hesi rabi e
f orDdpbisdiny Olbdﬁ: $p@c1[ie pmim’[g applhtat@ndlt rees bk Idemtablenfor such probes to

response to .a ohes
nevg SRR SR B Bl i Sohel R aBR 5 S fintsiopy it con be
desitetli Fari the prddvend by ,comphaﬁ afdl Imﬁlwmsﬁl RO td A forSPPPEE! to the
to orce ap ont a ortion of th robe, .
prolinq Toh S BRBSTL afrbe b FranEnby HREratien g aming. bending, or
oth& QB nRFvirfpQh ERpbriic (LS RRASH & heoh@EGRARRIFitIRCLbE:, hitBthe probe
cont act portlon of the probe and then substantlally
can chstrgrlgng é)ytg@n§rht§1goq, p@}nﬁmfogﬁgb@sp%g it¢ thynforcgrapplied to’the contact

por@d 8ALAL ipRAbe Ofndt Pen R8RS ATIY &t I]h?% AWPRAd %ﬁgfn@lr Spk S position, or
renoved fpr om t he cont act port i on t he pro e. Ip can

orichtatigieef the brobe iafﬁerghﬂ@paffbfor@aﬁ resesed Gomikrecontiet pordtyees the probe
[ r

¢ 8 SR ) SO TRSEE, £ PR ERSIL e SRy mechunic

projaniiesc d)tlsfrrsn@hmycaﬂ hm@erghs suckpe &tughheﬂs duabiity, and extsstededthrough

repé%?eﬁi 1bsg over an | (el perlosdo otb & m(e:I ecgrll Edao be demra%leexléoqpexamplet it can be

desirable for such probes to withstand repeated compressions over extended periods of time

without undergoing substantial changes in mechanical properties.
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desirable for such probes to wthstand repeated
conpressions over extended periods of tine wthout
W@ pwengshg substantial changes in nechani cal PCT/US2007/081423
properties. 1 WO 2008/048938 PCT/ US2007/081423 In
addition, if the probing application is electrical, it
gg?{l ?%B St 16@9 E]t%b % aapglyc%norp s eﬁ)e%’?’ncta'ﬂ_thQX Be S&Fraﬁ fg{osugn n%robes to
havapm OICrabneqxaEtl,cu]at elm&ycaﬂ) @ropehelss r Bdol ezatplag 1nebme Iappla:aﬂlons it may be

cos R Bt SR rhi Buat vy SR g S aEe fhiefdrtht camying
capidig. probi ng application is electrical, it can be

desjrabl e e es to _.have ot he esira

pr d*ﬁéﬁr@leé%ogwk}ﬁp sthﬁgrawgfngﬁpml%% il GleCtpehl, g ? QGS“F‘WG for the
pro@e@ﬂ@ ha@P BlHeE atdiabIs , pr&ﬂ'@:@tﬁ@ By apﬁlaﬁuﬂa@tﬁﬁbﬂl@y f ebMetdd®le, in some

robes in a pattern (e.g., an array) whi ch t he
appg@%l@@% theremay he adreed &@ﬂvéheopr@b%srﬂatam@ﬂe@e(e@ angagray) in which the
prolEEs a%sngedS@@s%'t@ gn@ﬁ{o‘(lﬁﬁ?@ é’rﬂlg %ﬁcﬂ St s%gah%))etwle&l pI%Hthhs small). In
applications, It may be desirable for t r obes

suclappritiouiphs.spaeeke ddsioade foo themeotenaitheugh spesc 9101@0@@& enather, to be
ablec %‘T% 1%@15635 d(?effoqﬁlm begﬁngr oftle er Eéﬁ %{O\glﬁ Clg) t[ggaﬁlo“?lfé % rf?l%@f Kec' § exhibit
congﬁ1@ﬂm@$ applmeth muthetmdaep rvoﬂnest the) mtcﬂves congaoong ot h’éblwms;lemterf:erlng with
eacl& 8%3{32 r I n ra%% catl(%ng gFa h a A efléabée thg%qan%é) ;ﬁntagﬁgor? gnss’g(el’gt, contact
tlpspoﬂlhﬁﬁﬂobestgopﬁa)t tiefcohfaer pprtne sf dboftthaprobdién ﬂﬁ@tc&@tare located within

o Rl e Pl i PSR b ] S Bt B prones
to LROIPR: RPPIthstadtirgftSied iuse GABktRcUSSpérakle (6.8 htéheteﬂbélj@ﬁﬁes or low
15 to be able to withstand repeated use at ext

tempgﬁ&g@sht Qf gQuUIce 1tgcan bﬁldﬁﬁra{)@n‘%&e ablgrte stiggiently and econormcally make
such Eﬂ(ﬁB@sf AHME §Rdrp mqe LW hDBes ihfo a%éb&?a@%%hfsam e to be
le to effici ent and econom cally make such probes
andyogre dnhodimpoisatf shasigention dotssibedhbdowa cpr, dbperge instances, aid in the
profRBE Ahd'Sr SO EIRAMNBEONS Bbol Adi YT, SALEEILD BB of he
ow can, ome i nstanc roduct I on
foregnalg desinable nmchm@bekcummpmlasufargurablhbfom mhmmvtcmaﬁs:s t hat
have one or nore of the 20 foregoing desirable
roperti s, SumRESaRFEIBEIRUBRHONY, o O
properties. SU some
en‘dm chome ndnshodoadntsneslucmspronprisigg & plucaligh of yelmtbally aligned carbon
nang §1 t cCa%| lec%onhﬁé‘g %.?] I%I? eFecQ%m?c%a%lcéi cl%ﬁtggtaﬁglélgt%re%oorll t%o:eé.e qn some
embodinsaine theeshodis tembs growmeorco kadﬁfi&alCﬁlBstb& gidowmsferredito a product

sacrificial substrate and transferr pr odu
Sub¥fs ©OF ficecolypns 8 bEHTENH &N &%%PTBQ“C@ Y atBna‘{‘ﬁgmB FH@]’B%{“WS the
coluinRSdah B eatbdtoSHNEN L FRRBANIRD F@peﬂn&esucﬁ @b bt s dRctdiGal propertics
treated to enhance nechani ca roperties such as

sucly gy fleciaed copdustiyity; é%d/orwfaﬁé%ltq%@ct dgRpfcHgics| dt pgmegnbodiments,

the Qgﬁgﬁ@ teh ik Ymecﬁﬁﬁgéﬂfy tﬁlﬁé/cﬁ e ﬁelve C@Eﬁe@&ﬁu&h %bﬁﬁ% %fdp%lttle§ S.-In some
I n sone enbodi nents, he colums can be mechani cal

embogeaits, ghenephemipsy @@éxeelrsmi Be dlestprmasharpead peabes. gfer exaﬁlpé% i contact

andg{gg oL R ’Vlet:pﬁllcﬁ ol W §onﬁ 01bcﬁes h&8olumns can rnake unique marks

tronechani ca pro or exa e, to contact
on terminals of the electronic devices.
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30 and test electronic devices such as sem conduct or
di es, and the colums can nmake uni que marks on

W 20081048288 of the el ectronic devices. 2 WO 200B(DU8D8B081423
PCT/ US2007/ 081423 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure A illustrates exenplary colums of carbon

hanot ubes on PHRRIARRED iﬁ%‘%ﬁsﬁ@%}d 1C show

enbodi ments o
o ne’ 1@fre ﬂhellmﬂatemeserqﬂa@anoMS d raborb esnotubes-dig arsebskrdte dscording
‘ g ﬁil ust rat e an exenplary floating catalyst
OSBIP llg?nf*rﬁ REVE8I%ms of carbon nanot ubes
ac FguatesIdB 4l 1Ko watb otlihaRblumnObf daftninav@iibds @NFigure 1A.
7 illustrate exenplary fixed

ures cat al ys
d%g%s %fSAn]glR§tf?ée &y C¥fplary stloaping g%ﬁlyﬁdﬁgqe%ggma}ﬂng cofurnns of

car&%@ﬁﬁ&hm aé&)rcﬁﬁ?g@ sBHB @b s@ Ak Sts Of tht My chtibaent i on.
%r es 8 and illustrate an exenpl ary process of

@fr@r@ 2y 7c15uﬁﬁwﬁsarbﬁxe€5>.l%b dixed gatplypforrogsss of pgking columns of

car‘tﬁﬁch b hiSds %&co%dfpgforsaﬁl@ eﬁ@oﬁﬂl@ﬁt@ BF ths WRSLEGL € according

to sone enbodi nents of the invention. Figure 10

i | IFugtresa eand ghh diustsate e@newwhmiayy prasesssef tfnstarams telpmnn@f carbon
nangt% &l cﬁ?%fsagr?ﬁrc?ﬁ'g %lﬁp t]c JuBif5 %p%&rdﬁl{g tglsgﬁle embodiments of

Stra anot her su feaccor
theewbrﬂdmrrents of the |nvent| on. 15 Figures 11A and 11B
stra e..col carbn nanot ub a.Wrin

sut e GRS R G er AR ARG i i b 0hns of carbon
nanbfab&nfrdr@ . sakrifpil 88bskdtetb ahbthersdubatage dok@NP|sdiy embodiments of

ocess of maki ng col ums of carbon nanotubes in

Pt he process includes transferring the colums to
a FYRRLS IR a8 AOBJIINGratd cSI0HRs 0P RGO FRRYITHeTont N&Viring substrate
i nvention. 20 Fi gur es 15A-16 illustrate an exenplary
acc‘ﬁfﬂ@:éé%%onéﬁewwl%& ShRYRABR carbon nanot ubes on a

Wi T e S1H084 flﬁlgt?ate QIPEMIJIJ}Q I’J&@ssctﬁlrfiﬁm% (So@urﬁlﬁeof\@afﬁoﬂ Sanotubes

substrate, and/or electri caIIy connect’l ng the col ums
in which H@e \chr:&@gmslué@t frafséerang: dredalgmes tos @ nebetraio dPaseding to some
em‘t%fdm Ekeof*tﬁbvlﬁ@én'tﬁﬂ Figures 17A-18B illustrate another

ary process of grow ng colunmms of carbon 25
n a rf@glm@e d5.0rl 6a ilistritn gars wherhplatye proaess holr igngyvitg ecobmhngsnm€ carbon

the

nantot%béshe WI rl i llfbb?rgtreatar?(%hogﬂg/tge coﬁllrn%cs:ttro t%?l . 1ng substrate, and/or
confiect n ums e wring subs

electaatly dmn@cﬂmg tho nEluanb adihaevitise Qfbstritd ecdort@ol sofme embodiments of
th Figure 19A illustrates an exenplary colum of carbon
°HaHb6tUbes with an adhesive wi cked throughout the

COlRigtRed NCA-WSIB Rigustrite Qnbiier GRAPREY pRItEssAIf drb@ing QoHiihs of carbon
nangt%geosr (OjIIl nag V&Elrcl)ngs %lrlr‘t?strate anchoring the columns to the wiring substrate, and/or
electrically connecting the columns to the wiring substrate according to some embodiments of
the invention.

Figure 19A illustrates an exemplary column of carbon nanotubes with an adhesive
wicked throughout the column including into the contact end of the column according to some
embodiments of the invention.

Figure 19B illustrates an exemplary column of carbon nanotubes with an adhesive

wicked into a base portion of the column; the contact end of the column has protruding

structures according to some embodiments of the invention.
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30 enbodi nents of the invention. Figure 19B
illustrates an exenplary colum of carbon nanot ubes
wawaok/o#3ndhesi ve w cked into a base portion BPET/UR®07/081423
colum; the contact end of the colum has protruding
structures according to sonme enbodi nents of the
\ﬁgulré 9 111 str r%l%a%{eg‘ﬁ ?P g% <Fo|(i]:1;er I‘g F 8%% o?lgfno%uqqgs of q:lilé’u?e 19B to
incm&sn ol’halbmﬂoeobf p%mgmhm 48Bturs pratardegseont the couadiend e¢cording to some
r,ot r udi structures protruding fromthe contact end
embod s 9&%%?“%% enbodi nents of the invention.
Fi Rugiee 21 illubtrdictadaitios ofdlcindi@ive dlatadtiat@bkuchini€of carbon nanotubes
materjal to the colu of carbon nanotubes 5 of
of PGP CacsrdiiedB Pemhg bY! BB OldRbBAF IRt s of the
I ngntéomA Ring @2@3111%%‘[@”% 3Endldrk Ustundt 86 c@&Bon nanotubes with a
exenpl ary col um _of carbon nanotubes with a holl ow
hollgyatpace Hat cenhe tidled iwithetn gleeticaly eqndeetive caaterjal according to some
enmamyyﬁgﬂp@%lgg%ﬁghal according to sone enbodi nents of
the invention. Figure 23A illustrates an exenplary
colHigme cBAc dhbericn ancxebplsryweelhmprat ¢aefinnganotdes with protruding
C f t h . r.al
stru%tflfelﬂ fto}éfﬁegiz arltl %{{{;@? ogfotlsgeg’ C&ﬁ{t g?ﬂeracf% 8{)1‘1‘% ﬂ(}itrlﬁlésgz?gb?sao rchéIXact end
acc@ringdo soaunt gniwklinhdnes dfheaintdnonn. Fi gures 23B, 23C, 23D,

and.. 23E netho s fo
R LR A e ek I TR S e M ST
of H@ﬁe p3w ecthotdil[g to sbig el E@bEHmeth ?IiSthé ﬁig@lﬁloﬁn exenpl ary
cess tuni ng a colum of carban nanotu
ha T BLiHtiear SHTIMIEY R dlyobpe ﬁrCBE‘éTF‘t fiagtbon inotubes t
hav@@ 9%@1!11&1195&1@% HRPEHESHR6H cFRR hiscotingd B8 omB ¥@BbdiMBAts of the invention.
ure 25 ilTustrates an exenplar%pexanple of tuning a

coI UgHic &f ki penaheaieime sxanplaeypmgncelumt of akon nanotubes in

accd%Q&Q $3thQhe frboE @f Rfurdeg %c‘éhﬂgg Qo0 FRb&ITReAL BBAL fhvefition.

the invention. Figure 26 illustrates an exenplary

t edligwy Sodhvstites kbt Escoitcactior ingludps proghiegior with probes

i r ) . .

conSRTRE LG, GRS Rl R0 AP S RSEREC DA nin

i | |[Fugtre 27 éhlstaatesemeampmallaw praseds nfabmg rekitagomin the form of a probe
carc? assen%o ! gCrCO{({] n ttlg esome g OJlment op tg? II]tVﬁ {091 assenbl y

accor onme erbo I'nhventi on.

Fi qugess 2834341ulsﬂrdt¢181t eadngplanf g piqress afFigire 2p ﬁﬁ)@&ﬂh&fh @probe card

Fi qure 27 n whj ch a . probe.card asse in .
bgm‘@“@ztn BV eifes H@ég?“&P‘iﬁ‘ﬂ‘gttB S%‘B?r%m‘é%f&%‘}t SIS oA
| NVRAIré QR .shdw Julhersstleti 0 oF tRE ESHIREdr Of &Fidir® b Gfitht ﬂi@bes which

contactor of Figure 26 MAth4£robes which 25 conpris
Conwapﬁ?ﬁ%%lﬂ%ﬂrof&awb% Ranoshst-(iba Batterm that qosiepRangs forgrattern of terminals of

the SIQEFRTIUNILS of Qev@ceﬁ’ﬁ;geecéﬁed)sfccér@fn@t@%n% Abodli&its of the invention.
el ectronic device or devices to be tested according to

sorBgwbddillnstiztes ef exR@plapy @rcietsn for Ficgfinge ask further processing an
6160?110111{6%%{71% %de@f&e?fﬁeamgét NP IiRE R $ost %rstehgocftﬁlélge 3 gccordlng to some

her processin
embodiments of the 1nvent1on

Figures 37 and 38 illustrate exemplary contact of a probe of the contactor with a
terminal of an electronic device of Figure 26 and a probe mark in the form of puncture marks
made on the terminal by a probe treated as shown in Figure 20 to have protruding structures at a

contact end of the probe according to some embodiments of the invention.
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el ectronic device or devices in a test systemlike the

test system of Figure 26 according to sone
werisdisyent s of the invention. 30 Figures 37 apdr/B82007/081423

illustrate exenplary contact of a probe of the

contactor with a termnal of an electronic device of

Fi .an b rk. Ln e. f f ~punct

e 805y B CRG AL by ol i B o BRE i it on he
terngh@dwsy B prétieglilteeth2Cprole ba¥gupr 234 wdconding tto wome reeodimeats of the
. _cantact end of the probe according to sone enbodi nents
mv%‘?lo?-he i nvention. 4 WD 2008/ 048938 PCT/ US2007/ 081423

Fi quges 46 Qlustrhtesin ade@plagy pke Matiamyth fopenf absn inndtdit® imprints

form of puncture marks | ef nthe termnal by a obe
on 9 kg byt piole g ﬁnﬁwlﬁe‘z@%ﬁa@&ﬁfﬂ&mgﬁwm@é stiebd in Figure 20
at aRORALIA®BL the Plobt RRorditp/8REMO Bmbddi@biktSofle invbMBhr at es

an exenpl ar yﬁgr obe nmark in the form of carbon nanotube

i mpriguesstl A5 bt ke tlivstide crymrdany sepisordigtor gionerity prgbe marks
on th@fkSRinh RO e Afds gk E&b@HaH&tsHJ\%?in'ﬁiélHésWS@kﬁd In Figure

20 at a contact end of the probe according to sone

entfoghrerdAtidustytes e ciampdany ipoar arFprphe esitikdmade byl B prignept probe that

. L : exenpl ary sem conductor dies with probe

Wlpgr%%ﬁéss ag%ﬁl{hﬁ&egftaeégﬁ nals of the dies |ike probe marks

shdugur¢sn43A gpxi d3B 3BustBtes bn guerepl4 ihtetpms¢rrthatgiacladns spring contact
strugt)ll(lgeggfla? rﬁ%l% e«grﬁ%l{s\%%rﬁfélgﬁ)légf e%rggtgh%ng g%g%o%%rpg;tlo%roglgretrnbodirnents of
the Mvetfors 43A and 43B il lustrates an exenpl ary

I nterposer . that includes spring cont aglﬁ? str.ui:t ures

0

t hat €2t e BpFa Se it GRURREY of mEEBBrON Qifo b ggTudes spring. contact
stru@feR kit REn b&nSRERoRIG @F 0BBSS nfHotubb fecbRMNbIs@Me embodiments of
Figure 44 illustrates an exenplary sem conductor die
the f§#tiodnc| udes spring contact 15 structures that can
conprise colums of carbon nanotubes according to some
enbodi nBRTAIIKD DERBERIPMMEOR O B XENPTA LEPMBESISRIENTON OF
EXEMPLARY ENMBODI MENTS Thi s specification describes . ,
ex Sy Wesifierien dicsrsikesscxendlaap pmpedimpih andpplipations of the invention.
The iRY&BbA, HdweydNE HoDURRL RNthe RQWEMBIEry dnSbddRhents Jﬂdta?i;liéaﬁons or to
these exenplary enbodi ments and applications or to 20
the mpaneraifinehich thongricoiplarh emésdimpntarepd enplerdiionsmpsragndr are described
p| i i t ri . el n . .
s P G2, PREESLEl SpERSL L ORIISHEL e gpensions o
elerpéngans, tharktlgurbe mdy rhensdaggesataf or ethervastt soti in firbgorfory (oredarity.  In
be,,exagqger at ed, or. ot herwi se n in propprtion for . .
scd [ RO RHRRU Y Ol oo By BhERREN R, g, «
laydr0d' substeatd) 80 chebelon' oo thetacHeid @€'tanpotegobjecaragaidess aff wheher the one
b.I ai'/?te(ﬁ’ a subst ra}%:? , g}tc%e c?n be "on" or "attached to" b
obisgh s Moty ttehsg o theidler SPISGHE ST 7 108 SRBOSSMSBieage oblects
betw&ndhd 6t dtjecPndDihe tHeABEIEA. tAQsol BRe@bREle. ORIEE, bBIoW, top, bottom,
there are one or nore jnterveni ng ohjects

side, up, down, "x," "y," "z," etc.), if provided, are’relative and provided solely by way of

example and for ease of illustration and discussion and not by way of limitation. In addition,
where reference is made to a list of elements (e.g., elements a, b, ¢), such reference is intended
to include any one of the listed clements by itself, any combination of less than all of the listed
clements, and/or a combination of all of the listed elements.

Figure 1A illustrate an exemplary group of columns 104 comprising carbon nanotubes
on a substrate 102 according to some embodiments of the invention. (Substrate 102 can be a

growth substrate, an intermediate substrate, or a product substrate, and substrate 102 can be a
5
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bet ween the one object and the other object. Also,

directions (e.g., above, below, top, bottom side,
wWaipQossesass "x," "y," "z," etc.), if provided, BECEUS2007/081423

relati ve and provided solely by way of exanple and

for ease of illustration and discussion and not by may

nonol lh%n ex%ﬁﬂl? f Lp wrlrlg% gub(s{rgte or aéq}gau%t fu%fsf%tg Ecﬁlftfgn olungins 104 are
showefoarmhstmte $03, rttue nabeed o83 Bevteo chinginyde4 aay bora scubsttaltreloz. Indeed,

l,i ted el e | f nbi.pation .of |es
nungieS SEipFsGRR B o iy LB esh e RSPE IR ART RSB Rbwhrithon gapotubes
can Ok ﬁabrl-hl{bf stdubx@rek, \Slileldca'&ﬂ l&ﬁﬁtﬂﬁglneﬂ:htgwﬁﬁssl #hd ddlLUﬁﬁsrli@ﬂ @a@Eomprise
exenpl ar rou ) co ums 104 conpr.i sing carb
an RSHOSAELS g By 4Pen 1P L o elrmgs o5 Gl be referred to as
cartorasitimdotungfs. t he invention. (Substrate 102 can be a
growth substrate, an internedi ate substrate, or
pr dfuis tkne b sriadisidug rarben Hanetulcecan dipve a nupkerpf aeﬂkm@s including
witRADALAEAS R RATGHER007 HOBRAZ w IRl 1M AR &) of he

a wiring substrate or a product substrate.) fteen
carbon| nagnefubel Ok dipmctespiotn carhor niatybgt endlihe chlbfdtty fmlrlelg @ngle) of the
car‘t{gl)%v}ﬁécé[g‘tgé ;ig‘ltﬁ%ou s’a régulpfsl’ c%l:ﬁoﬁ %ﬁf%tﬁ%ﬁ?can %gc! g)gf%ﬁg 1a structure like
ollsmtssIMaIae haO2 a nAsbersotkatpimtes ataﬂlbimg wahott dnhé@tiom&;ec foBowing: the
avofg Scire S Rieh MG cuttth Spciifts AF S M Fras et of the
carbvasan@hiba P kHergdupt, ¥ndihe adgdnadmt oas@IntHOs of Belcdivos ndkHubes in the
can thus be referred to as carbon nanotube col ums.
BIOWY i s known, an individual carbon nanotube can have a

nunteca®on %ﬁﬁdﬂhﬂébl 118 Sach YEIcURIAG 10Match@d lindite@itd BdviQNartyirticular
foll ow ng: the nunber of walls and the thickness of

nuntbﬁéowﬂlS( @jckpgss phibe walp wiamateneisality (198 aggi thnrgarkan ngpotubes that
forrh Iﬂ%oﬁﬁﬁpﬂﬂ INARQALY k%epaﬁﬁ:ﬂglr E&k@aé&%ﬁ&ﬁg Béfwéé'no(!akﬁoﬂglaﬁ&gll)e%) average
of the 10 carbon nanotube. In dition, a group o
lengtlar gyorlighamet ubleserihplessy iwiseradl emboqllmemSaeaeh roqbanuy é04 Fdecomprise
r | udj
Vert?c%llg gﬂﬁl ﬁgzl‘rb%g??%ﬁl\ﬁtg% ?gll g V&Oﬁl rﬁh‘% %IJH Sallgﬂéﬁs%gdgﬁ%anotubes
canlbettoweed ai 'dewlduaignccﬁ'rdadmnnanmnluﬁbe:éumm Nne ogrﬂmm),lumltse)f carbon
nangtu [ a g“cr} e }el?n ?fclt u? i tgtallo%Ot bes qu aneoegv l1'cha)lly aligned
Hent” O Sor I en & car Hon
cmﬁmam@mumﬁ&mhmmﬁhe group 15 The carbon nanotubes in
each of colums 104 are not ted to havin "
part Bef Bty 6 E-gien b bd s isaffigally aligned

if nﬂ,»sta(net 0% oPfofd of gk ichPon ﬂﬁfoméﬁhtatrten@agebtﬁa cdlﬂtﬂﬂtféthﬁaﬁcontmuous
forma colum 104 limted partlc

paﬂafe}zéllt?gafg englhof thegr o BB St b8 R eﬁ%fﬁﬁ 1dd o SbeéP%@%umn and end at

an J)ﬁﬁ%ehend‘){ c.Al d@nment Fihexers Rel §8S whidh 0¥ Rite side views of one of
nbodi nen each colum 104 can conprise vertical

congm}SQH)éd 11@1@1{:&1@ x#apet ubeEiguks dd eith 1 €omiew shikgn nanotube)s/ 110 that
comfo5d hcc% 11[;1?{1 %1 Ql%e‘ﬁ GRRONCORRRL Hpe anzcﬂo]%é%r D&k Arﬁ&@‘?ﬁou@ands or

vertica car bon nanot u
huntih:és obthmmsdmf suah banhon nam@tblqbéSO déscri be sé¢var thlen:arbon nanotubes
110 tﬂeﬁ |CUdg$ﬁ a cofu,mn é can e 8/011‘ 0| u % in‘cerﬁwmede one with another.
vert Bn nano e co
In Figure 1B, one of the carbon nanotubes 110a is hlghhghted, and as can be seen, carbon
nanotube 110a begins and terminates at the ends 106, 108 of the column 104, and carbon
nanotube 110a is continuous between ends 106, 108 (i.e., along a length L of column 104).

(End 106 can be a non-limiting example of a base end, a contact end, a first end, or a second
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As used herein, a colum (e.g., colum 104) of carbon
nanotubes is "vertically aligned" if nost (i.e., 50%
W@r00a1048938 of t he carbon nanot ubes that conposeP@ES2007/081423
colum forma continuous 25 path along a I ength of
the columm that start at one end (e.g., end 108) of
t I t
endFih%ulﬁ)g $ rTBkevﬂ% tie%l s lm%ﬁ é) Ffa%iptlér cgftaglglge é d, gc%ntwgg] g?cg;%g')ést end, or
a seodind emdl) ulnisgut© 4C, anbthersafitad cEarlﬁmalambtel&‘s lllfﬂb Bihgphiiglgted, Bnd as can be

and,IC, a. fe ar.bon nanot bes hat
socgftohnyfiog, 468 R0 Beeh el YT el o 3 s {TO RBGG s cotumn 104,
and CRhi 1SRofube US$eHN ds catinudid rateda @bls tibouRBnds., Qlong e h:ngth L of
carbon nanotubes 110. As can be seen, fhe

colypah {4 BOthagsrbppdiapeiubes Jd A e 190 R thith' Vf&zfa@sa?ﬁ&?@ﬁ" according to

the @Rk QErifiibiS tand B8 10nP WS a RRjdrRY @rd Wk Nast P8 otk catidatdfdtubes in a
In Flgure 1B one of the car bon nanotubes 110a is

colyamy HPF ghtFagrre did aigsalstivasecallu etignedat BisncolyamdOtran beormed a
V6Qﬁ9ﬁ}nﬁlgﬁ@(g04r§6ﬂaﬁ%ﬁé c&thmh. helnengé eﬂq@@chm%gé é)%reﬁtplepercentage than
col um “104, and carbon nanotube 110a is conti nuous
50 ef the eprben HEoLHes in10@Iyrin &04 caalbervgrtimallieslgnid. | Fagfexample, in some
o/( agfNgdo
embg)?lng&%aégéo)éggé %‘Q %?@ b?@% 9?%, QJ)A)n}nI 4 %gera?eg%g}% 1%%%? of the
cart®n\N R OB /4104 S%ﬁ)sP@EbWOIGM/c%hdﬁe%ﬁcaélydhglmdd 111 Slﬁna:anbodlrnents

o sipg BR8P reo Ty PRt AP O a5 e om he
othék@sswﬂﬂ@t et coftinubg eal.beor BedmgilelRsh b ciub be grown using a fixed
hi ghl i ght e d as can b een, carb n_nanot ube 110b
catagys %fo riGod R the pramlre Sxef CHANS BRISIUGEILBEGH 1 he
colThare k04 numBahIGAs R8s ﬂﬁ%ﬁf\%ﬁg cdidBBs 1 34, AN d@liﬁ’éﬁﬁoned above,
bet ween ends 106, 108 (i.e., anQ%_a Iength L of
can s vgriipa i aligncdgrbop AppRSbenemhenRf ﬂ@gnsah@wmvofu&rr@ developed
proée@é’%an NE [1§e'dct§|érélw %Blu%@qM ace QIrogt'lr&gcattost pp&eﬁbﬁl\ﬁea fixed catalyst
definition, and as long as a mpjority (i.e., at |east
Pro@e9/praofwa leseraplptyo momAimetingo erocesacsafor cgpwing adumisn 104, Generally
spe%l%f 'it?th!e@lé)%rg’ cadltag}%t p%%%/s:se Ira%}&ic gyf x%h a%glgg[ é)éoctegse c&ﬁ!nﬁﬁ% can grow
on agmowthberfaod umthe" presensone ae&mbr@dquecrat@n andga @analest Moreover, as
merﬁleor CcF rﬁ i Em%%ﬁﬂ% 8an3be/ rg?(g Cta%eve%t?ﬁraﬁon e%‘l%cri] Ot obne1§ano{?1]be colurnns
SOI’mgu]:él; Bhbghitrae i son-1G0Yng Eﬁ%pH ot fE)@ﬁ'ﬁg &@éﬂ’g’st @%SS of growing

98%..99% or greater percent .of th car ban
oo KB 0L HEEE B BRI A 6 GUfpEarysshown in
Fig@t 1298 86bstrhtd 2601En BOHOIBRNTBe substréit DO EanCiiY 4 ra;tructure suitable for
nanot ube can conprise a plurality of tubes t

are
SUPBRTHIR B reodtnyp. ofiengkigping hexamplasept saidihls |SHBSU‘|3P?S a202 include a

senfrQRHLAHOWS P RerahifE BXATR! & subdede tcHQl?ﬁmﬁQrhnbgrggﬁlgviﬁaterlal a
using a fixed cat al yst rowth met hod I'i ke

subgisesrgoImayiying jaR énpreeatcansienial rastany e binatons degob et pshownsn Figure 3,
a g%g/gx{ fa V\tﬁﬁzﬁ B0 ng Elep%glt RGHS §lﬁ)§tr€£t9 bod'o Wt Qlllyuﬁ‘ig Substrate 202

/ menti oned above, can Dbe vertic
canédeipgmm@bdoautlbgmwtiam@temlem@olmél icOsken, aansﬂlrfaw%amﬁmowﬁl material
f ut yr.e dev oce can be u r ow olunns
3004} #efs fFFYE FREE AP REEARA (AR FaRHL fRrg 3 SRMIR Grownn
matpii 08 sarAbeariywoateriad enutaareyfpr gmmﬂgl dartfonmgn@tiecebsas. fFor example,

ol uimms  104. . Gener. speaki ng, i.n the
e 400 Py P s R St i S POk iy G can be formed so
thatfi &G0 S 62 B0D IHE R4 af af1dgr W example, growth material 300 can be a silicon

material, and growth surface 302 can comprise an oxide film on the silicon material. Elements
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20 on a growth surface in the presence of a source of

carbon and a catal yst. Mreover, as nentioned, the
w@008/0¥8938.04 can be grown as vertically ali gneRCTYHR1MOTI081423

nanot ube colums. Figures 2-5 illustrate a

non-limting exanple of a floating catal yst process of
3002&?}@?85 gn%ﬁoé%n? §e%nhtlhll§se ‘tﬁe\s glrS] &@%ay%%g l\??{gc(y)veg ! sﬂgst%% Z?ﬁmgﬁ be 2 silicon
subgtilpste rgataélﬁﬂlgllu:am whaéer)p irowhidie dase, TdobstsutdiXPraat! gro@@ﬁ rItaB:lmal 300 can

be Bop LT G M R GT oD G DR A RRP b Sy g meeriat

Wit @0k dchilvd eFoa eﬁe&ﬂiﬁlé} QRoWLE hdferiaBd08rcan 8c gedr@Mm C
substrate, a_.su s%ratﬁ conpr.i sing an organic materi al,
g

a Suterpdndigsmif o g Balt HiflotgRntePSTHY Y P AIerspetivg e and a

crosaBRIcAAt i @NGew N8 meRking AS/eB MO 1t dhEe osto th@g@waWface 302,
mat eri al 300 can be deposited on the substrate 202, or

and gperangiaA0fvan Y formed wibempsking lopp 402 amopag priesiqdcsens @f the growth
surfdéOoh mmrﬂeas]eelg Qkbof Ranthlbl BRNSE %2 ift F‘f’éﬂﬁ”é‘ SC&n 30 %rd%vn on the

growt h material 30 300 can be a growt h surface 302
arcaptyif e grawbowvrfae d2udreosed| thwengh epanirgs 464 o@menlﬁxSoeran thuS be in
n 0
loca!glgil (%1#1(? Egn%% tggt CCOO ﬂé{ t@%sﬁ{eg)e}éca‘?ﬁ?ﬁst Q{Q}! rrgrtogesrsrecﬁ%ng%{lges of the
carlmamabetubnyo it etoi Lzl grwwtl h Tam melndg ldyel #020canaomphiseimyamaterial or
@0 ol o B RBo L e S 30 ALY sRlb R385 cxare
magk@y [@r 405 tdni comprisdBplests %acﬂx&ﬂﬁht@‘fa@ﬂﬁ &), SphotaesistI0aegANthat can
0 I.se xide filmon the_silicon material. .
be %Pgﬁﬁﬁﬂ% hnles Besenirgess ﬁ&fﬁfbé%@?%@i}l‘ﬁgéale%% pgigns of the
phoP ZeabtiveFingiefi8l nCRN clrbd By & peHed ttb Nt hay @ffesundiﬂibfde@fﬁéns of the
substrate 202 can be a silicon substrate (e.g

matgia] semayerljtg SHmepeings 404, QistondBaEng sxsle A éu@@@ #fgrials for

ma&{n%%ﬂr et kil at%iorgatg'@ﬂ thap Barl lj&%eﬁ@s’ﬁ@d {3y lﬁrttefn' th& 1mch§(ﬁ§ openlngs
[l con substrate). Gowmh material 300 1s not limted

404tQ§ depaséted andsthempativrmgd toRindeopkhings 407 Geldasp nen-ligitingt ¢rample of

meterdal 300 can be quartz. 5 As shown in Figures 4A
suc 51

(V\/nl ch show respectively a perspective view and

a /dthosgh Egotei Gnaitd gy deompawing textrmad lotheg Flgayes and @Rircapompany
textoegseer\%v%g gesln&%i d%snctﬁ%bgn %?tﬁ%\gﬁa %ﬂg#%]ﬁ)%ecris(s) sect Ogyglf: sabaie type cross
sectmhpﬁsusdftgsﬁ@lyeﬂ)t eakcasferscription. h ©tigh @vdsk secﬁluﬁsf ﬂ@&*q&ﬂl’g’/ poéﬁ'ble and

be see car bon nanat u e colu S 2 in Figur

spe gl ETG s BB SIS 19 (Pl HegeHlraguvell as other
cros3Q2ctidxAQBAEs t4Meafe WWRENI NYS 404 Openi ngs 404 can

thus be in 10 | ocations and patterns that correspond.

t o Aedoradn fdeues onndrB Orivdsshoacierrasdyels Rdisepedive try and a

cro&@%&%alm‘)\tlé&p}e cHEBLHANDHE cHBmES QM ean T BRE loh REkal BYBE growth
can conprise any material or materials that can

surfb@e d&hegiosedthoeh epeoneh&lr fTae solvoms 2Rd cabe spemibiigyoviding
mat %ﬁs gé: ? eagt : Veﬁlﬁ%sm zlﬁﬂafgygt egl.ﬁ?/ae%)uécﬁzof%%oﬁ %’H{e pcfgseﬁce of proper

oto resi st
amhmtt eondationst Reitexemple, smbstnb@qowi Wiédgrbwthasutihfairﬂ()étanﬁ Eﬂﬂéﬂng layer 402
owt h surface 302 after L ch ect ed
can be pfaﬁecg ipan uﬁertlor o?%% ercl o\%re Su hearslaa Tndce (1 te 8VJP)é 819(%&16 bRdfor of the
enclexyo sad H‘eohéateghztndamcgat kempriging @adcagdyst iant s Sﬁurctehef carbon can be

TN S RENG G ST T S —

carbon source material, and any other materials and the concentrations and mixtures of those
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maski ng | ayer 402 include any material that can be
deposited in a pattern that includes openings 404 or
wale@soigoetl and then patterned to have openi ngsP@DYS2007/081423
&old is a non-limting exanple of such a material. 20
Although Figure 4A and its acconpanying text and ot her
n r
mat éegéé %s W?l? S%thell?égl r%ﬁe)g%a%xdltl&%x(:e )%}Ci etgrgﬁggt 1%% eﬂ} B@%e%erred to as a
”redlﬂfeé emd,laay eecipy ysmtacbted‘ss groszmgtqaﬂnn ingnarges os gmmtkysu’rface Sms e

ef)fcg \gtl on. O I?ert Cross @ectl ans .a g A I

pos PROERE 15 & SERTRINg, CGeRRIRY dREP A Caﬁ: ?“%%? Ay columns

504¢ IS{:lefa&r 202rdan Ge (prcecd@MQﬁhﬁiﬁbh ¢ (not Eho&ﬁllg,u«{zlaléh caSbevhied &sabout 750°
ot her cross .sectional  shapes can al so be used

Celgpbuir §2h Cwl@%%l%gsxg%eagﬁa BaS( AP SHET FSiFEeGeng iﬁiﬁcs&*s)z) as a

cataDRF TREGLI MBeY VAW @rtgrr%r %5 qeg:, Sa@%ﬁn SN adotifdr AR n¥hBWinert gas) and
car bon nanot ube col uims 504 can grown on areas of

intrpdysedy fogu PUMRSY) fire sheafipnass he showhr oligiemsp@nadiaenap ahe ratio of

ferra-&%e Y IX&"I@H@ m%%ﬂ Wi tﬂ%eca%é?vgﬁs Qyn B¢ QM(Slﬁibiﬂg greﬁ@toﬁ &“érﬁJc@ne per one
a gas onprising a catalyst and a source of

hund@ri bmﬂlhtcrrs ©h eylpm®§e¢1&@ fofrogsne/pelenc mmbire van bomdkadi witls the carrier
e t.h r 0]

cos (0 SABIRLEC of YA 300 CoRfs Mol B hbup ¥ e e O e

foregmng mcﬂlmn@rtsimch c@lsmas 5(le11hacaea &ﬂntall‘ymllgmﬁ)d, coalmhst h% mentioned,

the éodr?&)orm%reﬁlge eéiging{%?/s?n g,gar o%he(r_) eéla 5 fcoglgrl%lg% 8%‘[%1%/6‘[ eand a source
of daﬂab;fl edube dtﬂ(ifdg Mor%&;‘éﬂ&ﬁ% grloﬁfitlosdrfaee oo &rn: Wex@ﬁseg he the foregoing
ncl osur e e specific cata ia car bon
Ca@@a? OHEE 8F 270N % FrFPSHH BY cﬁﬁ e oS G'Sung < he
CONRG@RMdle8d bPMise iffel EBE @Sedfthé RRSBuUreBof\WRe 2808048838 302 to
PCT/ US2007/ 081423 materials as well as the specific
matgiitlt EARPTEGHG? CHBNE qnd. dgIouracetiraan U @)Parielap &eprsFatie g cause

coltn®hs&94 3o ro’&v%rﬁ’ﬁre ar@Pdr @P %rokx@l? kiRBicS ot %B&dft%u (ﬁ)\é‘}uﬁgs 404 in
car bon nanotubes on growt h surface 302. The folTow ng

maskingdaypp 102 pyrizancrady slee&etml BEgyrey a4 iapé SBhad lteaugh heo gelagns 504 are
sho%vﬁ %vgﬁllv hluéﬂ% rate'5 ?612 \/{??HQ %F 'fe%\;e? cglgﬁmg 3 @aﬁl 5)4 %{%8/? ﬂ}(gxbgubstrate

nace- (not s ch can ated to a
2025 Cab smeumond& gahmms ngHi samge xvertealy (a@gﬂdoyarh@n aaggutizo polumns.
Colunoltlilsr g& ca%nh c a?nr E)?acr:n%?e 01( CO%.(I?HSHR%ZQH Paéure 1 cli¥1t%1t§trate r}09 can be an

a carrier gas
exag@reeifahlisyfaﬂe NeL .t Th&S hnyarebrence heronitc edlu(nes 004 capunpedt) colurnns 504

into the furna t shawn | n.sone  enh nts,
o5 AT B coars SRB B RTINS TRt SRS B Eat prfC Substrate
2020@Sarf 3kunkifc dPQUBstrfde1 @ amMh®frdcedsr MEQRLJPRI Figii@s 2-5B is thus one
hundred mlliliters of xylene, and the

eXeMElaROVEHE W et ol RS O8 C& RAHOWR ni xed with the carrier

10 ﬂ%ﬁesaé arl T BRRGLAL lﬂfn@-hﬁlfltlr%t&%pl%%@ aqﬁlfﬁ CaSly QlprételBdt&rowing
of about 6 mlliliters per hour. The oregomg I eci

colyrayys Wecp aleiant @04 raeprdog te vame aqi@od@iﬁtnisc af e @veiead ﬁntlally,
sub&&kélﬁq}sc ﬁf&ﬁ&e‘d%g & e u¥ehf all b eg{%‘sﬂ&wﬁ GCEi g&re' 6> a buffer layer 602
ary Y, a Ing a

Ker materi al's conpri
candat @pymed a)ndsuhst@mﬂ(lﬁe and)fa reéeioh cgamstdeyanttiof icze de formed on the

Qv t rowth surface. 302 c e osed t.he
bufgb laérero I%g% C%o%gh SI,]tO sho ns%_)nl'Ir UTCS ¢ Cadr kgOn fg? Isayer é(ﬁ can also be
pattti@ngh eF@rtelzilirﬁple d:tu|ﬁEBf laphaﬂmz ToDbépdteings to have generally the same or similar
pattern as catalyst layer 604. The catalyst layer 604 can comprise catalyst material that, as
generally discussed above, can cause growth of carbon nanotubes (which can be vertically

aligned) in the presence of a source of carbon. The buffer layer 602 can provide a bufter
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15 Regardl ess of the specific recipe used, the
exposure of the growh surface 302 to nmaterials
W@ 09p04#898g a catal yst and a source of carbon BET/EHS2007/081423
particul ar tenperature can cause colums 504 to grow
fromthe areas of the gromh surface 302 exposed
betvté& QHeg%]ulbgtPa (ﬂb(ﬁggndzltgélcaltﬂ}gst mgtié(g% (#h%é%%f? illg},%%%z cat% be any material
thataiobmm $p156c4at&y eactshdl/\ﬁhe gatalyst meptdriabmn déarbist mablealﬂﬁ)ﬁ js the source of

nore, or .fewer. c s. 504 can.be gro from. t r.at
cart AL ShigR NS RGs E A bRAE AR e TR PROLR Faver 02
Catallit gied 60 EH0sonpRRIO b tierO tHANTIS the fredcdins HEMraeast ch®on, causes
RE BTN Wi e M e NENRUERCT S
mﬂi@ﬁ%&@&&faﬁ%f@fﬁmﬁQlgﬂk%ﬁﬂsf@QﬁmﬁaﬂyJ&&hﬂﬁ P@PBUﬂﬁﬁlﬁwmedby
504 as exanples of colums 104, an erence
depputing Getalxst Siatssinke pdlepbst leghof mariid @n%ﬁé& lpver £02 ggithepgremoving
sele@ﬁd &Zﬁgﬂé & RE de%HB?ehrc%sttJTQ%enJ h@a\@ﬁgot‘ﬁg §a°tal!yét lrﬁﬁ%rfa@fn%attem and
gures 2-5B is thus one 25 exenp
shamlthﬂtwgrrqamnctmtdds@ecgbogmns Fd guoe%seﬁtmnu slmwﬂ ¢th§@ péab@l aanotube
- Lm anpl C ess of
ool G RGe o R TR e S B R (TR
entodsheentis Fgurt e ctirhmenftnoalbﬁ cbmntIHS é7l0l4 }c,an dne @(mzlsbn ahteepatterned

cataé{sglay%rr@qe C%L%r%@%g l%er grggg%y é)é%w%%g % gt terf?ff (8 &8 rgas) cornprlsmg
scﬁludasdfroatt@nZﬁ)ﬁleh;&esén@e ﬁ?;rb@fr lraﬁmaaat;caidyt'ﬁotlAlsl ﬁyﬁéxr?ﬁ@‘fb G@lidtrate 202
orned _on the u r la 602. ou not
Wit 1 Gt ag Sy 04 ggryspigpm t%él@lﬂe sar Bnplageddn g interior
of dRahtIBERe GuchRRra AXRABP(Bt SWnﬁ ind ltiRy BiteriBP 8f idRnéBsure can be heated
patter ned to have gener al | égt he sane or sim]| ar

and\g-gap eRUAPTEENSACRICH §F carkgpeqan B mtrodyred (ng-apyrated) wythe gior of the

enclo@ite CPHPE egl?iccfl?att@lay fHat M&Eés@he &Hﬁﬁt 1&yer 6RICHHe's ﬁtl;cltﬁ’c material that
di scussed above, can cause growth car bon nanot ubes

conp@pris che wareeoé cyben, jand piyyotheq gjeready artdrtht pancpitessiencand ghixtures of

o AL ol GoB Mrsbeda e FOLBYS 8 BB R0 L B8 rred o

as at"heipibst nayt ecpBuithlt fohgovatzakboh niayeres 60 datal¥#dayer 604 can be
use(l?yo roe&, CIOa er 492 can be any material that does not
p%’ y react wWth the catalyst material and/or

t hél" hﬁ&bhb’wmg id fratxenmpldrivenoadintitisy edcipe Bt am be Abddniorgiow columns

704 e Gr R sh o aanap S FRFIEER BOLCER SOET G cashst layer

6o4r&h @6mptisctifvat (Fe). NEdr RRarRpleSBH RISt 1@e§@w&)@np@tfse @@dy@ﬂ@f iron (Fe),
uses 5 grow h of carbon nanotubes. Cataly

and6'€}kffeé elﬁv%éoﬁ OISt SBBEPYT RFIdea Al et Ir‘?atoé‘?q gtnbodlments the

thicRidsY o2k 1?&1' ?S}tfﬁﬁil Bheaanafinybiigs gAl@US 18 @én be about 1.2 parts of iron
Al ternati veI y, catal gﬁa@él ayer can forned b

y
(FeXjtop bk partsref @emianipsexi 1P S@bst@wo?%kaé\t bq plyead ipfa furnace (not
sho&ﬁ}t %vrlﬁc%l caﬂ%eqllégtlcef to %, ! ﬁ "7565(?;%1@&‘3' ark @H}/c{r?&%/dn:%s can bT introduced

ected portions o e deposite yst teria
into| ®aviumgeet h&ndat sably sonditener thalcatatystalauat ()Q’ﬂt‘ eenagathly zhap gsowth of
t hat resn | oc ns a
carbon nsaustotg%ecstl otﬁa t‘é a esj[aé’fsg {a a car o c%rano ‘%16 hy(_ilracarbon gas. In
sonfe@ntbb‘ﬂlmtehﬁ ifer grecswsmare 20Des p:lacteﬂlltyﬁte fliayer (nﬁtﬂ;«ﬁox(zﬁ) Qle furnace can
ure 7,

be bR dc Bsu e el R ahm e GYUBH A EiteS pid EPHagRe of sbout O

Celsius, an inert gas (e.g., argon) can be pumped through the furnace at a flow rate of about 400

standard cubic centimeters per minute (sccm). Then, for about 15 minutes, while the
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catal yst | ayer 604. Columms 704 can be grown by
providing a material (e.g., a gas) conprising a
W@ ouwB0e93§ carbon in the presence of proper anPCEOS$2007/081423
conditions. For exanple, substrate 202 wth buffer
| ayer 602 and catal yst |ayer 604 (as shown in Figure
temggratl(f]l%n np ?nep%u%?a%g ({1{} Qitlawnﬂt ers] e&'é’ro?x{1 Oart 1u%I f%SJ?IgOe (tlchsms and
uch as a furnace e |n erior
thereafedr 6subeutd @ mib@ehebiteatle teampdraturgasnaioaiped &i760° @elsmsu theénert gas

can QR B hhed rafi BEHREC. fi i b RES bRt "gegpter, or

aboﬁtﬁmﬁﬁ&é‘s wihélc Clat tﬁhl)éSIﬁtu]rfﬂM&fl?lﬁt@ﬂia% hgbosp gﬂ)"fGeﬂ,‘su[EEh &hé adntaining
t hat coO OseS t ource o carpon, an an ot her
hydieen B éiP% ﬁlctﬁﬁ DsHteafiPERe riehibg ﬁw& (gt shown) at about

400toase FHP@X%E?&I theafs Waltdiniag hi M8 &PRE vk IFE/ ARiagito of about 40 parts
condi tions terrper ature) can be referred t

of Bpstozabopteh pasts o ol Bbjeatish i apwusssi of sarhen fean beadds dnfg The iner gas

flowiflg BRB.JAAROHURSS v@ﬁle%&ﬁ‘ﬂaﬁﬁﬁ{g th@)ﬁﬁ{lac@(% 7§(§"rbek?§us uﬁﬁ%xﬁfﬁple the
grow colums 704. The following is an exenpl a

sourgo19f lcirhpn Fangbea egispremphising €al+/HeAused ratio cgfrabwtcl@l nartpof CoHa, 40

partgg %’EF& ég} %%’gs![cé”%r gl)réﬁ é&nﬁr@ﬂlﬁﬁ%ﬁ%{%ﬁa@?ﬁ( Panotubes g%%hown n

Flgmaﬁ ool yss yerr (e f(oﬁec)a,rbdﬁon ﬂ@@srpTle: coﬂthmsdaﬂ ahrygt)w from catalyst

' Fe ff o
layeir ?ﬁég s %%tgc @g a 1%1{63‘,6?r%g%n3/q0¥ S %llg#af]%% %%rr%:m%gﬁﬂe folr]eugggl%empe is
exeﬁhph@ddnﬂ}i Ning otHeh tatetiblis €l aﬁﬁplﬁé tl&rbatall}@ﬂlagz&%)M]‘ aﬂdm d1€fer@nt source

an al um nu A1203) i m can pe ut
of Gfborircg be n)éﬁ"gét ng O} Cafrﬂ 3 ¢ n@% BRi aeexm%%}he foregoing
sourd RFlchdbe af BdrperurBCotRbraGad 7507 @eldibkl NRIGL 0O HiffoEIAO BEY mixtures,
whi ch can be heated to about 750 Cel sius, and a
flovh s ot iR Pegads @aReMEd; nt roduced into the furnace.
Uaner aﬁ%@!‘oﬁﬁ@ gjﬂeEfo rl‘é(ﬂpélﬁ@d Gl @Jpﬁﬁfre bBYEe Eat@lgﬁ 1&3/%9 604 to a source
cat al yze the growt h of 30 carbon nanot ubes on
of cpbon ev mwtwéqrafrwawraym caggacdlyram Wartp erpw fom Ibh;f catalyst layer 604
o SGURESTERT 85 4 BT (RTRGHRT L BT el rom s
202t hwerd arrfawerecobiams 7@é cop&e gtoedh ﬁ@nfswbsltr@kmsZOZEoThea@daunnsl’(M can be
Vel’thbaH le%fed éelilbgn Bgno?u&%%ﬁlzce IC%luntns 87011 %ggp ger 9& %Jxra%lg?e %f columns 104
in g e chndhubutigte 200eah be ﬁl&le;&n@ﬂe af §ulbs1vuter lee Tifus 2dne utferkdle herein

o B ST T4 St atenc v
to JA63ttkéS20D €a0§dchrB subﬁfﬂ@@Q@l Wk @ni dkainPR SfUEIMERC (mt The process
shown) is changed fromO Celsius to 750 Celsjus

ﬂlu%ﬂf?éﬁdelafﬁlélfre% 6ranéﬂo@tthqsoawlwmeé§nRAm war Wewtnéhﬁel}ua% rl@4 can be

grolv. Mai ntained at 750 Celsius, the inert gas can
continue to be punped through the furnace at a flow
r atRegadlespeithe poGCcsearhctiPndpaint wralyst, died gyelust, g another process

by %%Ht(ggﬁrgﬁus'm % CovtETR&R b %@\% c%lu nlt()ﬁI I_Sdsuggra@éjgﬁ'twhlch the

s cont al ni o en can b
columnseld4vaire glrowvhecan |be ratl ogaspotthnvdf e pthrhmn gtnbstrhfe Oﬁluvhlah:‘éle columns

104(are {o be usg\c,p 1)n aaftg} llllcatloét"lo%ltse ely,Qfle su%qr%Qe ot W 1c ctolumns 104

contal ni ng n can
are 4@ovparcis be af sabﬁﬁctlﬁi :aibsmatte It'énpazlhtch thé cAIUmn@l'hJan Ebafttmferrad to an

. . sour.ce of carbon can be added _to,the_.inert ga
iR g PO PRAK GTHLCE: whiS B ARG e substate on
whithitheae Rt art5Qowe) Gh Ws bEQI 02X ORI of b Peduct substrate or a sacrificial

substrate. If the columns 104 are grown on a sacrificial substrate, the columns can be
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source of carbon can be a gas conprising C2H4/ H2/ Ar in

a ratio of about 10 parts of C2H4, 40 10 parts of H2,
waeasampaarts of Ar, which can result in the gpCUk2007/081423

car bon nanot ubes, as shown in Figure 7, on catalyst

| ayer 604 fromcarbon in the gas. The columms 704 can

trangtreggﬁt an 1n9@?%1%ilé/t§ t51]1bs er¥ o B\g)%uctas?bs\{r% In%? SM}&% Ig%ll%%t‘g Figures 8

andr %ollmatesa nex-éinyitiray yxﬂmﬁléy'y moctsobhennsfatieg i @lwnmsald4 to another
U bctgaﬁ“ se the catalyst layer 604, and a different
of carbon can be utilized. Mrreover, the

catRgwsts lilageiteSOdbsaan 102 @xposdenitso 10 grdvar egos'ulagralé 102, for

source of carbop at erat ur s ot her than 75
exagagle ssn&gcorwfewﬁm Hﬁt tgggﬁoéﬁﬁesé QMg a2 BPF 5’&““’5 6and7. As
showAlif Fig @B g tand® RAAI OOk of 3BIuRGs UL Gan BE AR EHhe $ifto QBntEHewnh an
speci fic reci pe used, the exposure of the catalyst
adhpsaxﬁ& o419 aghespigrederiabOr & Massie semprisyi 31 dipwire) deposited on a
subgtﬁl'fgjgﬁﬁw KichEfile %H]%ﬁlsCm4uim%elzl%4tratn9fe%@wﬁt({hgmé @@4 can be, for
catal yst layer 604 as generally shown in Figure 7.
exaplet hm@gchxyls wdlidiotannesa 20ublr @oxhovis gewined Sﬁlbssﬁme 802 can be a
I f
procgdr%g ’?&bs ! g rong gvd}gcglztlrlea {;@ﬂ@gs%f% \%h)‘{@eclgs ct #ﬁg&% ég%c gﬁhcgﬁgn or substrate
&02venthecal inyermbcﬂlgn edbstatehbom nendt tisecohahnsnitel. willolatentbs transferred.

704, c be .an ums .104 in Figuyre 1, angd.
ol 4585 SRR Sufili i iRE subfpky 2R Sasten M Prgure o.
oncd bids, 10813 IFefues &M&ohﬁﬁl@llm atcado@tditnsibdtde QRby ddbEsivtes04, the

exanp of. col ums. 104, and

colums 7 ny

subjigfea Byt 81‘1@?6 divay g af SRt AT O IR FFIRE (e
subsdheat € 8802 any el ﬁlapfldl‘&kgésénﬂ@tl 66 b@%oluﬂﬂ@ 104. In some
process 25 illustrated in Figures 6 and 7 is

embodhangy adhesivp Pat ganiey? MAtCHM; tBH beadsuinds 14paf wﬁmwé 04 to substrate

8029)(/19&’\@ greg‘)ﬁtg addlies §tr&1%tht tlﬂgn H1RasS ﬁMV\A?@ biRhed l0@bithee 102. In some
catal yst, fixed catalyst, or another process by which

embodingmits ac}l@&lvaﬁ% Gndan-cusbl maeril Svt. odila iman umnreg state, can be in a
gengrldﬁsﬁ tllqaltd oﬂtm 81'8 (;rh(ﬁhergz‘i)ée O4r ?Jnrﬁ AWML V\%ﬁ qﬁ]ﬁis 106 of
roduc s ubs h

porti o of t ate on
cohcrmisum c:a@ 0 4cldr e tconthe wﬁbdadihmla: BDﬁa\whl&ppha editdsion. is cured.

Alternagtl%relrlglatt)rI YE laé{dl‘b&p ead%gsl%\‘?’et %6‘1 Ca he e aillg 8ucl%1v %or example,
e'a sacrirtircial su S rom

adhtdivee 8114I dﬂﬁmﬁch&arbldh&lohﬂﬁﬁafdﬁéth&dndtmaﬂm metimitmgchxam@les of suitable

subs rod ubstrate. The " r.owth

adb s AP iniad potes Spetes sl ER P S Rt he col ums
ar erhgnowTer Srakest Eltdﬁvnblﬁ Rgdres0s al P ExcMPlaBf oy PindGhiGly variations
substrate or a sacrificial  substrate. If the col unms

arc poWILL: cFighisw 1RSIEISS Actnrliriting varaieny dvehowmdn Eighintlls adhesive

804C@EL b%urelg-) R l?eogzﬁ{e%g%%% (Pegﬂlfs'mogf A81423ive 804. For example,

transferred to an internedi ate substrate or product
adheyipstQ4aqam bie pelagiiveludepaticd onlarin die. patpigLaf alsp@its §0r skown in Figure

10. ' Mtéfﬁ fv@ ea(ﬁleﬂg 8(I)4 Egntﬂgzc%{)@s)ft%m ﬁ%%nlpert@ P & ﬂlfown 1n Ft%ure 8, and

trans |ng CO ums 1 0 anot strate.
selegteil Ipbnlnsmr elitbsadhgpst 8Git @n e Zerpavieth, leplingths ddp@&lt@()é&m” adhesive 804
subs cate 40 or .5 exan‘@ apnce Wt
show%l 11t1 i uﬁel‘ é(i’ eé%SSeSS owp L il Flgur eddel; éingﬁﬁ%%Md 3f gealplg IS%O% can be in a
pattamcthat. coAssponds to the pattern of ends 106 of columns 104, and ends 106 of columns
104 can be brought into contact with the deposits 804" of adhesive 804. Otherwise, the transfer

of columns 104 to substrate 802 in Figure 10 can be like the transfer of columns 104 to
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shown in Figures 8 and 9, ends 106 of colums 104 can

be brought into contact wwth an adhesive 804 (e.qg.,
W@eooad¥s93s ve material or a material conprisi ngP@rUS2007/081423

adhesi ve) deposited on a substrate 802 to which the

colums 104 are being transferred. Adhesive 804 can

sub%%gexéﬁraﬁﬁw:lﬁ ur rg&(%l u%@dég%v 2%&%%&61&%8%%%% arce -like, the

pattsmlad demtsies 03 c‘/dnibeipaittéms (olbd:ru]mmssqﬂ@ds (wigl, Icirbles)used i n

| ncl ot e B T M e p Bl HPE R B e o e 8 iy  and 9
are bessile. Fer txanpsd, afisresds 10634 bslﬁlﬁﬁﬁ @0B4}2 adiafcdae adhesive 804 as shown

in F?g%?q;%l) éxﬂ,étjnggdedo gslle o 1?@\/5"\”&{ pare) ioésUb ! gs%\j% ﬁ’lé\sﬁtbﬁ?qhﬁ:qﬂ]o Qved from
subdifde 802 Fdhekafhit, Osuﬁst@rﬁfa[l?ta@ 80 cbyhagNe 804/ 8xBPHor tthe€ adhesive
substrate 102 can be peel ed away_ or otherw se renoved
betyeen s €bd L0fnef axohimm H)4 a6, é@qsweé capds rereogly mat eri al
that ﬁ)qps%ro@ﬁraﬁﬁ%néggluﬁﬁls G04 Hgﬁ-]&cﬂigé' trallls@erﬁggﬁle colurnns 104 to an
enbodlnents adhesive 804 can be a material that bonds
clecgnadis deg®eof wiobhuthes calwang b0% giys be atastricgliy? coidubtive interconnection
t S| r .col
s FRUEL, AESNE, 3LERIAL!JoROLIDE 0 8 ot sced
clecarithalig i cven8@®d am becaicdutcating, nmate raradthé¢rhatmdustive | demant on the

oGRS PSR O S A s view na
croﬁtsé&t&malﬁitﬁ&wl@ﬁllﬁkfnra@& o0l lmitise d@hpan be held in

contact with_adhesive 804 ile th dhesi ve red.

Al 75 PRy I8y f/lgBTieS WAqpsi L1 %hwhaawei?ﬁéms a a&té“rﬁleﬁve or example, a

con@hc@iGt hdHegivt Y 1 020 REHUEhiIME 1 106(or 6NN Rrical MBS VST a8Pifing substrate
can i nclude electrlcally conductive materjals.

10RochighnFan By % REdBFtesbEFate)y gl ean inghids| ipisgnagouiring 1108 (c.g.,

eledtﬁ&ily @Sncﬁfeﬁéfé frices léﬁ@/ma%la@l f%c(;tﬁérctétlnlnﬂalg RAHGEd/ K electrical elements
epoxi es. The transfer process shown in Figures 8 and 9

(nof @opy;@);myhas ylr@m 9lerngm@j (qmnytagwﬁqdaqltcgﬁs; respprg reapacitors, transistors,
| Fi guLe ilJ.u nan-1 i m td . .

o AT, YGHAE, A LLLRL SRy D Ui i

Wnﬁlggﬂwbsra@ 1 8@reabde pmalcarebmpm phiocldepos:i desic (4ot sbtﬁwm)hie which the

colurn sel%)4\a{u§e 8%4 se%loars T &NRT npln e’rcongedctleg st Yier 8re(:)s4succ:h S Sprin robes or other

ective eos% R tl%ern O? (? %g

type&Oéf slﬁfmgV\M)ntant Eﬂngmwres mmngd stubstfa&t |1m Yan adh&ﬁle\x&m&@4a wiring
pgan belge osited bl anket | ayer agyshomn LN Flg b

subgralcy yych & %cl’t’ré‘lie‘lpc?ﬂrﬂ“& nagt A g RHWBLY e CEERIC AN Be substrate.

AddigsmRuedvirihg @Misfige t1 hhe2 @b@p&s&d steﬁn&ﬁduct&fdleaﬁtte&hlm aB KRB0 circuit is
shown in Figure gure

1ntea@ffés.4d§htgmﬂyso\flﬂaa ﬁ%‘%sff?ﬁé g6 'C%tahe B&ey ‘Wp%ﬁ Ofpsalbft&t% to which the

cohInlﬁﬁit caﬁq;erﬁé&%d(% tq I Ratd&’ \E}afglf) %g&)vétoﬁu@ﬁ)lec@ ridB T bstrates
4, and ends 10§ of columms 104 can be brought into
110% oAt he eombingd inharigespuyaistvetteaher witing dsgtge 1 B@4such as mounted or
f I
o GRS 0y BB AR o
show@¥ t o 12 WO 2008/ 048938 PCT/ US2007/ 081423 substrate
80 h%rse %Q ;r)lhvgr]l‘yllv:qv&pagizl 3 w&llé ] esllu%ll(nasnlqmdclarsl %tﬁglegqg ;{ermmals 1104. For
exaﬁhﬂ&ombtstﬁatam 1n(fagurelis€8 p@atdneterasshedt o boﬂdhan/esﬁmaraeee g., a conductive
e.g,, circle t furt rovari tlons f
ot o, QPR o 0 (R 1 ol S SRR T enample as

sho@fidn Figures 8 and 9 or Figure 10, substrate 802 could have been attached to wiring

substrate 1102. For example, substrate 802 can initially have been an outer, conductive layer of
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are possible. For exanple, after ends 106 of col ums

104 are adhered to adhesive 804 as shown 5 in Figure
w@2@n864898¢ needed, adhesive 804 is cured, portPCHES29D7/081423

adhesi ve 804 can be renoved from substrate 802. For

exanple substantially all of the adhesive 804 except

w1r1n 8uﬁs‘} S el g? SA%%é:oRl%n\@qﬁm a%%tt%hgd %00§ubgt{rat98 (?ZOAS%HB]WI} 1n4F1gure 9or
Fgmﬁaﬁspﬁﬁommgﬂmebmmn&efmacmahewamhmdéegraygkéng)ngnmngmnmnﬂs

110§ H@ é)ali ZT_IS gﬁeangtéan l(ggiuﬁrggllg}gefdgpeov (?{gb 8{' .f,li(\pgtra&e 8651 In such a case,
adhtdNErI09RNEBd fctMantd Of aliioyRt 80£H Kigur®s § asd9 bN@ppbsinises ddhadhesive

ot her types of spring contact struct s) that
04 e dUarddieEB iR Y LhAP WrirBdratiaghsd %Wélil%a:ﬂb?fe%? 1102 after
collnlsMoAako a&améaeto s@bstr@fel oD a6 QRAML Il M%ur@i gaﬁm o@ Flgtu]r'kelo and then
el ectroni c device. Figures 11A and show

scleptbeqnoetiqny ef yubstrase Fiwe OF vemice i e teémlr@}Sdé% aedipqupyed [above.
Si q% }ye't gﬂ\gthér alltHI%Eﬁ\%t €olBmh9 904 &a'ﬁ] He' t&gsf%ﬁ@d"ﬁl t@rrmﬁﬁs § M’@f wiring
in Figures 11A and 11B, colunms 104 can be attached
subftrste Eb03 gphasallyzas shevie oridewe i1 d.eFerghenplgcsubgoes 8G2gn Figure 10 can be
repltage:dmﬁlﬂl%ﬁglégsrglgs{aé%r 1]@%21%{1 \;[\%Ji (%ﬁ)%{g ::‘]8%% eo?'gﬁﬁ%%% 3%)? %gn B on terminals
1106 uifsmnag ahbstratei L2 a(mlimmtehuimelm IHoe rartalshqmnr butghdrd @8n be more or

feu i dinty A SEENLSH Lh GRIRETOLI b PG RoRRd 2l e Rhoy sos of
adhSDH aBd Glibsasic Q02 petldd #a@ TRt Sol(rBugl04 o disegsat #dve. If adhesive

circui resi stors, pac tors t ransj st or . etc.
B04(ipgcug h@vwatemé #P?%ﬁt@ 54 681 b AU DRIGHF. TP fP& 1é£a€§rﬁf yay from
colhinselogctri cal connections.) 20 Wring substrate 1102

can he .or can be part of an el ectronic device (no

shARHTing 2gHn d Figyees k). Jhﬁ@r%ewe%?%m@nséom 1% illustrated in
Flgﬂh%sSQ'?' St thb %&E&@g‘aﬁﬁﬁﬂs?e@néé G B64 RUEIMIRS sSREhR G lustrated in

probes or other types of spring contact structures.
Figyies BrigBsubetenplasy enlgandamayevarfaensexangisidle. aFighnes hey14 illustrate

as a printed circuit board or a
Km%Q%%B%%QQgﬁM%Q?an1C Wi ring substrate. Additionally,
wi rHigige $2) blslstraaetsesulisfb@@ ¥a mlthegrwthemt@ah &IQ(bhtacrmgdu gowihtsgrface 302

ciyc S 1 egr,
o SRRy Bl G oSt rted B SPRMIE e prgpringpe im or
conmmuﬁum@bﬂﬁbE6mb@1mhmﬂmeihﬂM—@mnmm36wﬁamthegaﬁhasm@¢e302 For

e g.,.a sem conduct or wafer Mor eover, nul.ti pl .
cxalyfy i, BETH SPRE DS G2 Oart b ¥BhorHolkl FolpaR Sk are erown in
Flgl\ﬁ@ySAV\dtﬂthDtab Qfiscistd RBoUBG Rt ah&%ink L@yer (42CH S 1ncluded and the

nounted or adhered to a holdlng or support structure
exppydraiaPh srogih a%iitce WPrs Mgt dmilsd da Feemagnadd i Baglving er 402
RatBR0%Mon MRotih&!En Bf Ry ﬁ@rﬁ%uly@a)ﬁﬁal'gnalm 0 oM Eﬂ}ﬁlcé— 842, producing

can be attached to termnals 1104. For "—exanple
the guprsefrcarhen @amtibys ERQuewngn Fipueal?. bEhcxation@pnasibes that form mass
1209 QRAHELd Y& 1R S ddPhn diBasd 120 PcAIMEURL Veftica B h RRanot

Oc%ppﬁ?%é §%P%4§&M 5Ptd? ne%tuhfﬂgb uﬁ%%“?g§ @%W§u&%0 anotube
HM$ubstrate 802 for exanple as shomn in Figures 8 and

0 bR B B PRS0 A5 08, R NG, ERP AL AGRS. wh
canGﬁdhudenfdrleazirh]Me Imﬁ;eedhmalysamthud guch as odereiplaey fimyderatadyfst method
illus ate\él\l?n gu§é50489§ F)C-E/uc Sg%gs%{ Eg)tsol g?naterlal 300 in Figures 12-14 can be
replaced with a buffer layer like buffer layer 602 and a catalyst layer like catalyst layer 604

shown in Figure 6 except that the catalyst layer can 604 can be a continuous blanket layer.
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Wi ring substrate 1102. After colums 104 are attached

to substrate 802 as shown in Figure 9 or Figure 10,
WwW@oBi048938 of t he substrate 802 can be renoved PEI/{S2001§81423

etching), leaving ternmnals 1106, which can thus be

remmants (or unrenoved portions) of substrate 802. In

C se eslv 0)

Cargﬁhrga&%tu%%ﬁﬁ the%q% %{)JVFHS gr%‘én tﬂe Qqaygg %%%%%1%11% 8 Epuss?d above with
respadiheﬁgnee B v8ideh dan pfadgar the ﬂn@ss o&lcaréomaztnombylzogu bstrate

802 n be. gt.t ac dto ubstrate 1102 after

o te fon TRaE 5! at a1 B SRS EradodnBiiih 124 can e

broirgh@ iht® Sonfacatvith emsitF8 @S RadhEsiveatitd onlyabstraed0e of Figre 10. Portions

ortions of substrate 802 c be re ve to form
of (erih P! hedresast girben mbelibmppys ca g? ol pubstrate 802 by
the aégoSii i r@dh&Plewmabskad goan The déﬂo@ﬂ’tbsff(ﬁr éfﬁl@hésﬁle 804 can adhere to
t er m nal s 1104 of wiring substrate 1102 tgener ally as
the arpsnal cabEm @@noéubﬁ)l %Wlt@)@@ﬁgqr@dh%\ﬁsqtyeag thagpthemass of carbon
nangﬂugéér £0349s %Eﬁ{ér&ieto shstfaBPh@C eng Whdvih W Fi o S Q§td{ea1&1§ss of carbon
2, and the deposits 804" of adheS|ve 804 can be on
nan@‘felb@m 1781 &8 ma0E avfay wiomi thg Sshﬁbgﬁergﬁt?ecom 14()pr1€arb0n nanotubes can
t r
be u?lemoﬂt)aéfélné]t%obgga% a %brrnggl f% § 85 ¢ %b%%selﬂ)ﬁ The columns
140# mhrocamspadtto Vhetpbrttohe ofibp owbd & Iﬁﬁ)@khbe@leOéh@tthesd\t@ths @dbstrate 802

vy FFSeEAUROBELE  AREB BB SR THRE AR50 o i 1
rnormbt &Weﬁboluﬂﬂﬁpmtcsn %ﬁulled@@nhﬁassuz(w before substrate
eel ed rms 104. Referrin )
ag s TreReR GstEd ml%guf{*hg’ ,5‘? D gwt THERPIAY %&aﬁﬁ% making
colukiMt Tiok linBiohifdt 1 dnd Eolufth 08 Sarthis BOEh ERGpRY FEBRSRS 104, Substrate
transferri n? colums 104 to anot her substrate
9

802jcpr bt aitaEWa of subgigrids. 8husy mvaeereacehiriatg cdpmys 1 lrgn include

colmylwrdsaéxaﬁf}%s %T%oﬂlﬁﬁ%' 1*@L1eanthrg7ufe@e?erg€% h%émﬁ kd USdshBE Q02 can
some exenplary variations. 20 Figure 12 illustrates

inclydeh substiate 890 2aswint pragindsnph sehatrate i 2. sﬁdumasfulﬁ% &aybpwitached to
temiﬂzﬁgzﬁlﬁ% 1%%%11@531 1%5}%"1%&3' 1¥ aﬁp &\@fﬂnér th'c:ﬁsgyc{ @o T: résjggé@@o Figures
in Figure 12, , contl nuous m o
llﬁcmdtlilﬁuous forest) of car bon nanot ubes 1204 can be
g;ng Sttllge: I;c])gabmep %sr 81\71\}:5:&';‘[9& § %O uresFQ r10 a?n;(dﬁ g?-ll% é)illlﬁs%%lgeo growth of
columidb 5a)r4e>r goown 1404 (wWhiduire grobA aarpdrtl‘_o)Bn&Ss 051 us 3 sakriteGV ubstrate

20°C ORI GFUGROUER SuPTadD! 568 4 STRBES Prreteig of « produc

subﬁfaw (en%smé%bstmdr&s kibih {haYRluntidAvill Ratdegrin tﬁaf lfi@ﬁl application.)
es can grow from substantially all

of

Flg@%%&f}flé% ﬂlévétf@e 30 oxample aurhipycolypes [Hdof 6¢rb%?a@ewbes (which can
be VRARQLH PESed eforSa¥RbE Eblﬁ:rhgsg Ic8h BeroW®n ﬁ@\fll@[@substrate 1502 (which

nanotubes that form mass 04 can be vertically
can F A grrsiict subdraihss 1204 can thus be a vertically

al i gn 3 ~ ~

g T
crogtshaonmevibwd syiring isdiytrate a3 02, msz]u.kd @an bo rthees@an:pd,seqr smilar to wiring
sub%{éa;t(egﬁ Staga%ls %{:é) dge%teili]eicgnctsafrjt% i als 1 (% %ﬁfre@r%é élr (Plui]?hefe can be more
or fswerf) tlﬁlt easdectigtatinichnmeatee Iblyahteﬁﬁlerl‘ngF] Jg8r(es., ]:Eeﬁ.léalt;adfbnductlve
tracgsn'wdéor ng{asgec{j@t\{\érlt & kl)si Hggro(t’ lgﬂa épg}gfal S glggtfsfélgoz S O%I%rsugh as circuit

clements (e.g., integrated circuits, resistors, capacitors, transistors, etc.) (not shown). (Wiring

1508 can be non-limiting examples of electrical connections.) Referring to Figures 16A and
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shown in Figure 6 except that the catal yst |ayer can
604 can be a continuous bl anket |layer. 14 WO
wWQoe8NH 9338 PCT/ US2007/ 081423 Car bon nanot ubRGI/T82907/081423
then be growmn fromthe catal yst |ayer as generally
di scussed above with respect to Figure 7, which can

BN PR SRR U5 A0 s PR Byl

des&20d ocammntivacd hereiu gt growing celomhsiof cavionmackepleesi t s 804°

of dheS| bstrate 802 o Fj re ) )
AR BRRNE BpmR doFh R S 3hSut veing e logHEf ooty grpoess illustrated
inaﬁﬁﬂ@%ﬁbﬁﬁmaaﬁggma%p%hmg%@ﬁaauhBrgﬁs%ﬁwﬁnwgyg%UQA&ﬁa1bB(whmh
t he deposits 4' of adhesive on substrate The,
Shoaéﬁwg?tf@zawp BEW abhasidg ér%@r&e%laﬁﬁ efrer & Htabeﬂaf KOSty 2 growth

surfafe F6NDQAR RaRPbIHRE Dnb2Q@Aninalt N5GH. € BELExHNE Pha¥@ial 1608 can be the
strength than the nmass of carbon nanot ubes 1204 is

samg @h 8F Bepilpigto s tat AQGinFguresals SB dgrawih sudage d 62 cangds the same as
or stuhﬁarr@sg%@t@l s%ﬁﬁé%osz nﬁﬁf%hhjlbﬁﬁ)%% %Q%e'd% JERYE gs Q%)ﬁkétrrﬁﬂérlal like
the substrate 802, colums 1404 of carbon nanot ubes
materigd 300 ib&igyudsl =8B cod nofkedndith huasking diycawly nfaslong ddyer 402 with
opeﬁ%?ss 11196 (H)%gfngéj E(%éﬂgé?% qgcc‘atl%gso(% g( ohfgr &%ﬁ{ %504#47?1%56090%mns 1604
correspan |ons 0 mass ubes
are 1204 %omer @dtetl"&tltffﬂﬁ, wetbsalr K08 C@@Z)e Iblytellnh@ sakdipthgi tngterial 1608 is
adhesi ve, 804, h ni col ums 1404 are
ool R ST D PPt PB P R e o o0 con
therp bb lg@slvif From ﬂﬁsgiro&%%rfaa'éﬁ Q?]QIY AGBs s ﬂda’uh@bﬁt&ltyﬁdpr'bfbss such as the
res 2-14 is thus angt her exenp roc
Pm‘ff’ﬁ ?f@ﬂbe}isabezsq BHALESPEA 1 ﬁlgﬂea e 4@ folug) ﬁﬁ@“ qahy vertically
aligh@cativaSahGucof@tpl € of col umms 104 Substrate 802
can _be an exanpl e of substrate 102. Thus, any

r ef e divee cHalygivrocess iletiaieddn Fomres &rnd Hdp eﬂaéher SHIH 8T & process

that](ﬁg he %§edet6% eSufhis ¢S RrrdiA4s 1%@' I@%{egfc%ﬁl ocess is used,
herein to substrate 102 can include substrate 802 as
matgiipal bo8fnshie bofa wibst faeeconORisingo cai#lgst 1@ iatafopexample, material
r I
160§ %@%ﬁ% g%rﬁ%?sts (% usgﬂsne t(?'gl% :hga@er apﬁl fr cg)slﬁg)g)g s]cat!aﬁ'gfaigge %6? r%%lgures 6
andl7_1A6 bunfer 1a]yBr (nal shopugin thIuEs déranrpil é6B), Iw[ththmabeedhe |sarme as or similar
to bg%t%u %eéc’rf@ Fagfaﬁkzin 7, CCﬁn a? téi!: aotrsg%ﬁb gv\s%el?l tg 1n (‘iOIlytﬁn and material
]60$2Q%ﬁmmm]&08&@{ﬂkn@e%hn@ub&hnﬂﬁeuﬂzam;oﬂﬁﬂbmnhﬂ&mahgbemnbea

ol ums |.i ke.cojums 104 can.,alternativ r own
carsy ) Pt & (G S PRoesS Sprhs T e Rt g G i Taspect o
Fig@@h U asunwis| 160D antb &drtichllst Hiighéd Earlsbal naﬁ@cﬁﬂ)d &alm@n ) 25

F| ures 15A-16B illustrate an exanp

gdlesnphls niasrst dtsdsto (ghmv cmluaaﬁ 168@ ovetﬁ‘l@meaalii |1§/04 " anchoring

stm@ﬂuf& NB6k CARPPVIEAA IR pSRIHTBSIoIGAT 1884 95 H¥ANGR Fibures 16A and
W ring substrate 1502 (which can be a product

16Bsy 6@@1}031@1@ )strugigres H6%h camarehefugadamns Fo04ne temBnglwhphand/or wiring
subsctﬂi%lvlg@s R&C Ea{n ﬁ\luél s@gr\ofg%nvth?\r%’tt@dﬂ cfit §f gcﬁumns 5604 \Nﬁ)i ‘E:eﬁmlnals 1504

Cross-secti ona strate 150
andéoarwm@ sttb@traaﬂéO?as(Bncalsc térinaralst B0 oen thg pad ®f Suitisg subseate 1502,
anc onng ! Iﬁle?nznaCsan bré:éng g‘e cotnsel[iépe@ anc%or}llsgoé‘éllftnn%q%04 to wiring
substrate 1502.) Anchormg structures 1606 can cornprise any material suitable for deposit
around end portions of columns 1604, and the material forming anchoring structures 1606 can
be deposited in any suitable manner. For example, anchoring structures 1606 can comprise an

electrically conductive material that is electroplated onto terminals 1504 and a portion of
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or fewer) that are electrically connected by internal
wiring 1508 (e.g., electrically conductive traces
W@r@B048998 as) to other termnals 1510 or to el BCT/DF2981/081423
el ements (not shown) such as circuit elenents (e.g.,
integrated circuits, resi st ors, capacitors,
colu n]I%IOﬁ ¢ %rssahotzl)%ra?%lpl%ﬂoa %tirrucéug rfcégﬁ ﬁ%%?q%%rgs.%;é 191%‘[0 reactive
rnataeefl elrat iisndppoOtcFiag b beskd ﬁdiyea ngto WiBn NG (20 0 @h&t@ 38&ctive material can

be stegﬁ){ufyzgag / Ogiéléglf%é rwlghglflu?n é’lu%lggi%eo al E? Hardendl portions of

the fpﬁi&h rfrba@ues? mat&;ﬁglccalnkt&okembverm NAs Qa@dlohﬁf IEXalﬂlpﬂd;) Aif ghe Alathg catalyst
col uims, of carbon napot ubes xanpl e, .col umms

ProgeahISHECHP St HRPHE® 198 o aa{quﬁbl @gtlsau%ﬁy prRaciEisas R ablanket layer

ovel Mrﬁfgtsﬁlgitﬁ% 15‘0B aﬁdﬂﬁi nfSISAE lal E&Cte aboike muitifs fa?&m; istd@posited over

ures 2- shown in Figures 16A and S

rnatgrlag HEOP W@@@@@qlpgpeqeﬁg .dike @ﬁer‘}pw%ﬁ@ mpskipg dayer 402 exposmg material

1608 RASRmHRAL 'l@@@lanyﬂo% strctial §6d@kan l@@le%eisﬁng | e?%hvhlch case
surface 1602 can be deposited onto termnals™1 For

ancleo(mgpiit@ctumt Er06atan] BO&cetmd der tshisstantalise alésofownmg mulbarate 1502.

Altéfgaégg egdc@e rﬁ%gmlégeﬁk gg)rt g%or 2??11 (?Qeq?ogi@&%é\}?i\%ér}r%?&%%mmnants

of tBé)mausg éilyeraﬂhaﬂ,ﬁﬁﬁ aoem)ribg steposs 1 &b asshawbllmﬁl@xtes 16A and 16B.
mat.eri al 0 2-5B . a ske
AnqRRE s Fopel By et bR ey St G P Vructures
1606021 cogpritd keuﬁblertnﬂgﬁalékﬂa& igl elfqbdsitétg ui 0 TRinabldSor(@miflowable state
504) re colums 1604 are to be

over ter
aroysd Gpppmn, I’I]?@? ﬁ‘??el}ai}den terial 1608 can be patterned

suah séh@bmpRtiEhtalthel §RBorirs sthieeRk 8 d0@BdnybWIRkreallR chductive and
on term nals 1504) col urms 1604 are to be

can diyisyihidditignte anghpringirelimse 1 gMofrermingtn 4 gcgmnﬁmg substrate 1502,
alsosaeétﬁ&@ly%@%cyéaﬁ&n@1éd40@tﬂeﬂﬁna§t1 304/Stn mn%cgﬁ%&fﬁ&ns ,3fichoring
process descri bed above with respect to Figures
strugtAr% ni06 BeedCadtuivnetionc@4ingrgeseappiesieblycthp Isirengtls of thegitaghment of
col sb1%64 ?[E Hllgﬁ ':1%911 %{H’J)ér wﬂj gbs)frﬁg G@b %hé( Hus RE &f&ﬁ% anchoring

I'TTustra I'n Figures I's anot her exa ¥4
struptrumseils suctlhactase: a‘mudweu $@@ qam sgrvowlclglon lpnslamEOA etmtncally connect
col € Sr1116542\}0t %gas 1§J4 a fixed catal yst process is used,

can be a catal yst |ayer conprising a
Catlﬁ|a§i&ior1ﬁ@ts&ﬁ¢tﬁﬂ_es 1606 fencaop lte indidlse Iﬂhealstrengﬁlo& t@natfachment of

o o RS et B Ll LA GOTES Sonas it
whlblﬁi)‘aﬁého(riﬁ@tstﬁlb@m 16D8FhrH6:€ Solkffs amd4 J¢6 Blsmindlh CI504 adaldka,e wiring
the sanme as or simlar to buffer I%ﬁ/er 602 in Fig

subgraign o072, apdhripe segist e pray biroadeated i) var @ qléfe@nfamffﬁcwnt of

thertfRl @)fﬁaﬁ‘rllon &0 8o lufd s F@)p%nff)ﬁn aﬁﬁ%ﬂn@ﬁr&fu@’é@] 6bé ©4R be selected
material 1608 (which in this exanple can

to capangd|nyase ppraydropangs ip ¢enepefatyie ghag o amnps tl 69y o@@%@nsgj@tﬁwages 1606
can%loa s‘i)tgc? ﬁj(? Sd %&&&18 %@%&%ﬂ‘% t1 E‘?éf éacsantgﬁ‘léerta re ﬁh‘&g Fb@lozf ambient
y aligne

can be vertica on nanot ube
temp@hturms_n tl% aReigalmdllngwucmres He0prvooms® usEdntt tomgeretmre, anchoring

ol u 1604, o erJm nal § 1504 choring structures
s TR SR PR PBEAS sdBls 1R 0t "ot trms 1604
as Bhown 174-1 B‘Bgilunﬁﬂtd Grdtiadh (exerhfBry Hrockss rofngo@trfguc}iﬂbﬂneﬁanotube

co Q]H?I%?%éapr}o&cg g]u%gtra%eo Ln%ngr]l%hojfgl(gﬂ%hg (%IL‘I:II?I{S ot ael pSrO(iI' 50‘9 f{lb Ta e/ a(l)crcordlng to

some embodiments of the invention. Figures 17A-18B also illustrate another exemplary
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substrate 1502 and can thus strengthen the attachnent
of columms 1604 to termnals 1504 and/or wring
WG aysn4gse 1502. (Because term nals 1504 can beCPEHS1000681423
Wi ring substrate 1502, 30 anchoring colums 1604 to
term nals 1504 can be consi dered anchoring col ums

proc:llegg%f élgc%aqlﬁggnneétlﬂp Séar@o nagiétglﬁ goh’ﬁFﬁ:{:%r tl?eg else(%{rlléglt elil{n?e%ts on the
producosirbetran wbcpmninrtg t0 m&n@émb@dlmansoﬂlﬁﬁmvelamd the materi al

o5 0PI PSP TSt SRR BERATD, B o

sectid@bvied)) i ILBHRE s exe@tplargz Mweig dubsttatey1 mmdu@h icMEbgBprotickubstrate
andi56i b SRI51 0 BT EO0 10 A s PR DU OBTY gL pgsubsiate 1702 can

confpRibd! ANsturkBQ 4ot ASctddatdiRina®X &Rl @wo ARC EHIFINMELt Shért! Ghil b8 Smore or
606 can conprise a photo reactive material that is

fewgrapwlich can g clechicalik é@nnle@i% oy dnemalwitinggl P8 de.g.. Treductive traces
andJQ)lP Qﬁa@ foeﬁﬁér t¥§mﬂﬁ§ @ﬂﬁlmd%r{o eté%trﬁ@ll &&hén\fsetn)()t Eﬁﬁﬁl@ @ﬁgl as circuit
nly aroun a portion of colums 1604, and
elerum@@ne@glpmdtmrgwss, ofsistorh eaprsters, tramaistorsy etCr}e(tl@trshawn) (Wiring
. r
170$ f&g% ,?g [1]1&? Mt%%e&(@%g%g Iofé giggtglpelﬁ S?OIS @@H{ g Alf% S{IS\II) Icg:o(?wn in Figures 17A
and]lGB4pl£BnU Ofrmbrebd ﬁ)kmdd%@& Jeschedvicui, atcl )yintd @pnsg mé)sltraas 1@2 As shown

o AR 8 (U O BT SR fecniont i
cohth@Bas04 eflcab@ nanbRLEY (which1@h Be wiitibalBpiahetcarfed. i@notube columns)

con B ETER PILGOR P BHT RaPL {80 SAARBIN Kb et Rl g olumns

1801@{;}6(0@3@&@ the masking layer, in which case

anchorlng structures 1606 can be | ocated over

s K Oycag) e gpwiiipiny [JObdsmgrasy fgbe pragesses or techniques

deséiﬂe@ r&%&ﬁ’tﬁ)hé’d h%ﬂéﬁlh f& SBRIgNIHAYE 6 CABbn SHAMMesC aPoP8xample,

sel ecti vel %/ renoved, |eaving remants of the masking
colurmy,elr%%otl lsait b¢ gromnansdhe Aepting catetysir wecess BB stzaiedsindigurpn2-5B and

chapi n ct u

desé: kbghl ‘gﬁ%e%gﬁéﬁgrﬁ%m fg%r 12%( glllirpvxffw I f‘lgﬁrﬁg'qgg 3" 8B, growth
matsmafluéo&weh a ghB0B sedare d&@ﬁawansbe dapcwﬂmhbﬂ ets riﬁt)ferchaIexmhlait material
lSng’chS ﬁg %gotaﬁl%ﬁllé rc])ﬁ_ é}gﬂiaan O4m rlaﬂ % ngnF Leures de\NaZbél? & and %owth surface 1802
can dgtiedhiie as s, sithia tapoMol BLﬁﬂlCS BoUaTahiress 1860 Garctibn begrown from the

el ect y conduct.ive can t in additianp t :

oSt 0ROt B Y Brrn Al b D S cubed fhgve with
respebas Figat® shofd.sB. al so el ectrically connect col umms

1604 to termnals 1504. In sone enbodi_nments, anchoring

st rivefiree atalggrarsesd Iniated i Etguess 0r29di7 e proflass example of & process

that%@ﬁ’ hEaicakd YroW@ithdsaROA Ih ffs 17he BhtReh E@iﬂ?st %foce&% ﬁgmsmatenal
04 to termnals 1504 and/or wiring substrate

180§ﬁ@|n b satplas dayigh orprisiygchearalysy mpErigh fige exanande, maﬁer@h ¢$08 can be
the Qa&@ﬁ’ or s%ﬁ&fct lﬂﬁeer%aéﬁﬁ%é‘t%@%ey %atglgkt%yer Qb4 B F%ﬁ! o5 leYand 7. A
to ms 1604 t S

ectrically connect ‘ termnals
bufftBBger (nbt showhor Flggresﬂ $Aendit 83, WB0B chubcthi oame @ or similar to buffer

layei gg% 11%al§1e rtesh ar?& %Igﬁ 9, p051t[ %e%veelall ?hh r[)%ﬁt 1%120If Ip1tC ?'}0%%13@ ’the material

P&t i hal’ dFor W ring su
1808 Gn ehehpatnd 203 Iﬁolmnﬁrﬂjmhamﬁeh be whivahfr@n cieanatagal 1808 (which in this

exa%[?/lafa%%ﬁ%&stﬁlgge% 3sr1]1$gha(1) %xgdo calflaqns? pl:‘I-O6CgS4S 5581 atlsetliler:n ppo%lesss d%?c%%ed above

with respect to Figure 7.
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25 substrate 1502, anchoring structures 1606 can be

selected to have a different coefficient of thernal
wW@ansi98h t han col unms 1604. For exanpl e, ancPOr/Us2p07/081423

structures 1606 can be selected to expand nore per

uni t change in tenperature than colums 1604.

r 6 can.be d st

poﬁ{k%%ﬂr(]i%g% {hg %Erj&nﬁgs Té%g glow, Q%I%Iﬁ%seffg)g ul{rl éo?t? ﬁ@é) i p1%19705 can

anche| tmcdm’hnselrﬁm td érpeiriag sulstrsto 1702t Tias i tiechfoctithg the columns 1804

str. es 1606 anbl nt t ur e, chor.in
are GpifsciE e puba st fond M ans S by S s B RRHeE fubstrate
1702 6 @btiofrdl B iresonde/dn o Bndnitd, uﬁctlfoahg steitdirBe [ S Bxan bk d6iyned on wiring
ss. of romnn car nanot ube _¢olums on

sub %%337:92 anch gropngd é &E% 3 iSAYVR A FeBirasnh @gd %ﬁé Anchoring

strubtuRdUsde6 %ﬁbt%hﬁé}taﬁclﬁﬁ COIAInH 8d20t0 witiE s@¥hadi nenikl @h thus further
the i nvention. %yres 17A-18B al so il |l ustrate another

strepgibha pipchmentpdealnmay b&%g@wm&wbmmlﬁ%s 1423
pr %ﬁﬁ&u&f stl%lcﬁlgésrllig@@lchﬁ/ C Cd&ly ht &Rl Qﬂﬁbﬁ%PH%@lt onto wiring
colums to other electrical elenments on the product
subsfuaites 1 12t andaarewnddéohgmnsol g nendethio grkiteriahtcan bf deprsited in any suitable
rnaﬂn@y e %o% 15150%%&1%5 JaZ@to?iﬂ sM@urgM d(% caﬁhb%leke and gan be formed or
respec I vel pers Vi ew an
depeaed ildn ahclmrlegv)struqtlhlbs.l $d§06am§1gtlre&e k@phdngBwiAs mgntloned anchoring

rroduct _subs te .
S““%%‘H’Ség@é %3815& f%‘f%%i e Cr“V?f @u&%"?@f‘é?%ﬁ%&%? 6?8’ anchoring
stmaﬁ&z)lsomarstbmwnwup |c61g1e8ﬂab$<_t élacttﬁcallmanamﬁve:@mag 187, &hich can
ele uo(a{l? lﬁl ct%ﬁ%%%%%bé&%@ E§46rlv\%$l)tﬁu ?W(St gﬁ —%gpeelgctrlcal elements
on &g GirirgGabdtdtcCIONErsQdamylcl RlsBEWRIn MilrbNB ALAS 8Betr%es 1807 can
conductive traces and/or vias) to other termn

con_ﬂm eNAAENDITUCHIe) S0P Tiapd fhug Ic%lﬁ@ﬁf $8Q4nolo teRumY 17§Hc H\lgggnatively

or ift 'a&(ﬁHJ)I{ oné l)leﬁﬁlrétcrof tha€esA:807 kit &Rhak afl aﬁdh'bﬁﬁ'é LSucture 1806 (and thus a
resistors, capacitors, transistors, etc.) (not shown

colymyy F§04Yt01am cicPOB qommonat push .25 mswtomgcaea@atnp o gansfstor on o in wiring

C
subg%]agec %’@E, qlgf(%lg@%%c@tg%ﬁs )Bnélh?rlaén%tg; Pﬂgs%,()h gte{dh&g E‘lﬁ‘[%tléll] f% increase
the etrengph phthe amiachinmgt slbslumas 88047 62 wirkg shevate 1742 Bitgan eserely or
prinff SR e b FRES LR Te0aor car bon
narRaffatties to(Rifured 1 FansBeolednsi166d hnd }’:SIOI4 gaebe eanptn of the columns

nanot ube col ums can 1705.
104D At T4 054 s G RE e b SRt ghagostate 102 of
Flgwear erha@ labiyiFeFerenke hdBRto@bRminG 1@£ca@n@&mue RN S04 &Qor columns
rown in pits 1705 using any of the processes

180g a5 F Sl SRR A0 PBLENGE ARG SHEd HPEH |Phpan include wiring

sub@Fa@WM N2, GRi stdte §8020ARI/BRARATHILEBstrFOT7@XAMRhBiples of substrate
col utms’ 1804 can be gromn using the floating catal yst

102process illustrated in Figures 2-5B and descri bed

Frourdbi B’ SRaRh gt AR oS Yy raions

posgblothhr sxanfaG eath80Rarc gowbe déposi t68d on n>v1png subbZ@s.1 56 rcolumns
mat er j al be, the sang s BSL A ar

1602 San e% % Wi onédacnﬁm Qol'sltrraétg la%g 5@ slﬂow HE, 1§u1re§~| c*r C%lres 6 and 7)

and]t&!ﬁﬁerreratm oieing ISebsﬂaﬂ&’ESGS (g, sding ehr@rr oftth)e '@blﬁwﬁd&s shovwraerediscussed

abms:g \gvlth?gslplél g ar]f3§ gé Flcg%pes Shﬁ%)b%og E»?ayr\{ll’]plé rcgfnrr}nlé]%604 can be adhered to

terminals 1504 using an adhesive like adhesive 804 deposited on terminals 1504. As another

example, rather than growing columns 1804 on wiring substrate 1702, columns 1804 can be
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growt h surface 1802 using a floating catal yst process

such as the process described above with respect to
wWor@anew3bA and 5B. 25 The fixed catal yst procRGEUS2007/081423

illustrated in Figures 6 and 7 is another exanple of a

process that can be used to grow colums 1804 in pits

t ro S

eoghal 2 sierfisld TapaR G, BT Erha ™D SRhATS and 1 and
trannfatred oadiringeubsarxta ﬂWDZsﬁe gmmmg iany oﬂlﬂ@&clmaq]ueb ehowm dansed above

as_or |mI eri al tha es catal yst .
witf e B PGP B Lot ol T ROROf Sgepe (gl i pts 1703
usirguawdhdsive lﬁkl udiesivd 864 @pdsitk8B) pitsitviosh can be the s arre

as or SE r to buffer 30 IQ%er 602 r Flgures 6 a

7, Regprd PoYi Pl ptAhAWlF Pheutsitie spl¥s2rg 79 Ein some
emb'i)ﬁgnénlike cﬂlﬁﬁnﬁﬁ i1ed can]-’&ogedt&l foh@nPick ond %@%or@}okégﬂﬁés 35@14 columns
can grown fromthe material 1808
104¢ hﬁghougk zfﬁb‘lnélsllé% a@%(Pralth cqnaBreripilgdy ﬁf@atsd i ﬁ@iﬁﬂbed below, the
foll&@&%'ﬂs%ﬁss%%@ss&hﬁﬁ&%hl Aot & BE 919%%&@ eBG dx REHIc ARANMENs 104 can
Wth respect to Figure 7. 18 WD 2008/°048938

be PEYAIS? @t@fﬂn@SMZ@echR@g%lr&ﬂllfﬁaw off the lrelupmecdds Asedother example,
0 S h C .
COthE]I%\lf]\iOdra c% g&cté%age to %gﬂftesthel z%gm\%%lrc%ﬁgﬁcttléb% g}ee%: As still
anofhhaexanﬁ;);le chrgadt @mttlotl:haif callumenscldé uam e hﬁzﬁdd toagndanca cpithg properties
1%% ? ! q@tﬂ ng substrate 1702 can aid in anchoring
of RETUHHY P804 to wiring substrate 1702. Qptionally, in
? 0 rlf&gu;ﬁ’ll odi siBRt 3, de’ﬂdﬂég Ofidw @f at dolighrin gf‘é aﬂ;&Oﬁg ahniyel 04 has been
ormed op wWirin substrate 1702 and aroun 0
Adhagh i G ST B2 JLACEdqsA, 1R EFBE: ARG °f ﬁ@ transfer processes
dischibdell 6bdlic@Rd HROGatSRIN Hidhirés¥210. Az RRAMM O W BB Eerak§ Qs clifed above, end
Wi ring substrate 1702 and can thus further strengthen

106 af columa t vt haye bee plasrs inadhcsivs SR (WAIGh dutheringn eartial view in

Flgﬂrzqu) &p%%dt@ QOZSMhLIJ&ltlE‘ LS s&%ﬁn?%ap\qm il ﬁ%m%rMA) adheswe 804
material suitab for eOSIt onto wrin Substrat

may] 92 beem cw@md sehﬂtnatmléﬁlrsmhavamert h@elqﬁaaveam f@gm @ahmmelm as in

0.5/BRR
Flgﬁﬁggs ntcle§J o¥ @71%?&/ l§UIAl?era?1ve%t coltn] elé)é 6&1{5'8”1 be n transfelaed to a

ment s choring stru 1 I ke an
&mﬂama@eﬂﬂ@Inﬁ@rﬂmnd@pwabﬁéa Fok@mamkhasﬂwgmsn&ugtubiAand11B
colu 6nocf‘O N FI gvli %%n d‘ijo errn na %%I\X%qug b%{}ateq b? Q% adhesive
Fuct UFes can rlca y con c

11 OS lm)whlch RadeiaghsB% llwﬁﬁdplﬂ.&&dhmf&@ﬂ i Giguset II9IAC hlu;f £&rm1nal 1106

6 can be rical connected to .electric
can R UB (D AGLE Y807 1 o cBPGEey T g4 dan be atached
by SORIIRSIVe HRE DAY 84 tdl GtheF a&)stlﬁ@ﬁhlamlbhms 86D bt Binals or other
1804-to el ectrical elenents 15 on or in wring
cleragibsqroRtests1702. For exanpl e, as shown in Figures 18A
ank t8Bn 5% &5thd 8QmA@BhovAPANESlre 3DRNRY éhﬁ‘cglss%El raY6 ¥l E88mn 104
1806- an us colums 1804-to termnals 170
can Af cempiage; afpiglityoif cprjormgiaiotubena feshel wichiye elhtsfrat?ql gldgure 19A as
cart;loﬁ%%n{ﬁﬁﬂlesclq ?s%tadﬂ&n%%qqg Lilgd, She HELLe 8618 Qaﬁlhl!eaﬁgwﬁ tay Rapillary
a columm 1804) to an electric conmponent suc
actipe b¢twtor indiyajualcdartom, napetubasdn§ io§ minmorio'éar Ini pthevi wordgy adhesive 804
subst, hate. 170 ﬁﬁb anc [ : :
can Z¥ ks OGS 18 %%“ %aélé’dl% ot f%“%g[ "‘Solﬁ%"t QIHE ?‘g‘gs{e]‘%’%‘”?’ pie adhesive
804sdan engt ﬂntoocfohtdite 1 & dtarchgreindnd A6 cledt indigpodRi0id theoadhkdivan®04, and the
adhesslilxpesctagl t e% c:lézltqrguebtlo'I twic alTp ¢ cofugm 104 towards an opposite end 108, which, in
this example, can be a contact end 1904 (e.g., an end configured to make contact with an object

such as a terminal of an electrical device). (Contact end 1904 can be a non-limiting example of
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primarily electrically connect columms 1804 to traces

1807. Referring to Figures 15A-18B, colums 1604 and
WA 3D8/0¢5988 be exanpl es of the colums 104 in FPQUD82007/081423

and wiring substrates 1102, 1502 and 1702 can be

exanpl es of substrate 102 of Figure 1. Thus, any

re r
o S SRS £ g 5B ol ity EA R EA LR R 804 wics
can ]d@ldendamoh anyber ef ﬁacmx:mdmdmg; withaut $ivtigtiorntile dddAinc aftime adhesive
rate 02 vv|r|n substrate 1502

804a’r§o|9“6$‘0[E \/\}4\% |Vh5§gsétéfb% P e%”i?é% FOIEY A PN 5’5"“%15“% B {FRegiture, air

presk0i, antdie qolicd GRs&eS Opfionwily] 0 nfakdgidl that 11151%1&&& gE@d of adhesive 804

G RADEn 1OREHL be BRAIST g7 BNPRGUEET CANEN 18 EOR N gy ene (ot

shoﬁlﬁp&h'b@taﬁplﬂea(@g % E}Oéﬂéml vadr d&f34itisANo BErtiBhONMMEoRIAL 04 to prevent
sacrifici al strate (e.g., as shown in Figures 2-5B

adhgyiver B, fiem @rwg?)ntcaﬁ@w marioneof e@lumn W4 ichgt least to impede or
mgtﬁﬁ@iﬁﬂ\f 3o ﬁ“éos%r&g of- adhééﬁ)'engMalmﬁ @bsd Ekﬁn&%c&néo%ﬁé 104 where the

shown” or discussed above with respect to any of
parfenyus epligd.11B) . For exanpl e, col ums 1604 can be

a dﬁé?géb‘g dl)lﬁs g{% g oﬁdlfln? gn% g;?e{rﬁrﬂ)g% ?&o%g%itso Kgne érhfoﬁlments of the

inv@mamui which atilmrve tSIﬁéi marg wanki thg)uglo hlllon subs@0uallyralivafrdotugnn 104, For

xeBp; BP0 S B R 38 R b gl SRy P 3P coturmn

104(iEacQwsw@8048KRQW’ickeﬂ tlﬁb@f HR, 3f tﬁBldﬁgthl'_df@hH @S$urtn H0vd T7h)e presence of

n tra ferredto W ring sybstr 170
Cuf%ngdf@ﬁw 4 BEmsh g ¥ St @ﬁf %rfaw@ it ﬂgr%ﬁcanﬂy

incre®&3 RREIedanidaYstidthedsiod ltl’feeéb hﬁmil 1@) FcEQ:&alﬁfﬂ@ Nl s8me %ﬁib@ﬂﬁﬁﬁ:nts the
1804 can be adhered in pit usi ng. an adhesj v

meqhppigal sHfaess gbcdomn deb e '%eeld)m %Popﬁ% 496,090, o merg éllﬁkfﬁ gesater than
the ﬁfecﬁh%Wapgtlfﬁl@ssV&QEe LolREn 9b4 SHRSE 8k &ive C?ilO@ Msked @dto MEcolumn 104

made, in sone enbodi nents, colums 104 can be treated
In speye grhadioenionbe srcrarey ia npﬂ@b@ié@ﬁtl pléfgnoss oft qedungtp| Qfngss be 1¢p4 than 100

t hough col unmms 1604 and/or 1804 can be simlarly
reated as descri bed below, the follow ng discussion

us ésgwoll ABmidustraids ﬁmpnéiaﬁ@lmampmhivwi@yadhﬁme &Géacqyl leve wicked
Onl%%méj?rm Sg‘ii"%f’%a ‘émlgg?{%@ts ?}gaiteg aﬂfeeﬁ h%xeg‘%hl% Sh‘l‘ﬁn in Figure
19B; @hashos tht Qb lup@n 1 Bk ist sfrueamedllp aree rif aldbaivic 89 4e hl&tthl‘el adadsive 804 is

CtIVI of the .coJ um As still anot her
wicG Y bt e Hop by P 10F 181 61 4 M gypgle shown in Figure
19H, fiRalpdivie®08 aﬁame liRAS A6 bIfEUt OP BIctstifBess 6f collten el umMms
104. Fi gure 19A shows a detailed view of a colum 104
af t'de cxHBPleLthai 11 Gieursd Oped 19RdkeFeEmPlasy PRlYnaddpany variations

are ?b@ﬁ)‘l@r at 308plE, Qdﬁ&%r@a'&gﬁ R fr S 8P| & and cﬁﬁaﬂ%@ &p @blumn 104
he transfer processes cﬁ scussed above and

to qnd| 198t rEar example Fpghigping 894 P.@Jﬂ smerd Byaapran 194 fyunspd|10¢ toward
Oppg%lt%c gsﬁ)@ BPONE, | BN %)3/0@ 6§@ i SEHYOOhﬁX?tﬁQ%ﬂQl length of
in adhesi ve 804 I's shown in partial view

colunrm 1¢A. gatenatdaly., @qhheswb§ﬂ4f atresm@ﬁ ifitatviobimni Hdafrero cathdn less than
2% orf1 & fe glgtﬁlof tflee\c’\él{lr?m Fll()g & %nérl' %’ea‘céntage I Woer tﬁe percentages give above.
Typically, the farther adhesive 804 wicks up from end 106 into column 104, the greater the
stiffness of column 104,

As shown in Figure 20, column 104 can be treated to create protruding structures 1912

(which can be non-limiting examples of points, features, or structures) at contact end 1904 of
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may have been cured, and substrate 102 may have been

peel ed away fromcolum 104 as in Figures 8 and 9 or
WO2@ane9i®. Alternatively, colum 104 may haveP@EES2007/081423

transferred to a 20 substrate or object other than

substrate 802. For exanple, as shown in Figures 11A

col y e s

col i 1o g T T e A P B B S B TP R i amote end
1081 @ 4colummting hcoafigeedddn esahtecohle@ﬂf vuﬂ)n am erhdcara:al dcohesi(ne shown).

s Fae Shsomiee ibet16R PAERRo oterc s & RIERD of carbon
nandfub&ringt i ves, columm 104 can be attached by an

adhesi ve |i ke adhesive 804 to other substrates

SUBESPHE EMBHBGHS QRIS R Bp RErcichs tOeFréﬁémf png structures

1910bjregts 20 Rafseited DeoRdithgt KatbR #X%aH & @tblﬁﬁ‘@ nieBhamsm 2002 can
Fi gure 19A, as di scussed above, colum 104

Sp“%@rﬁﬁfrhl apmtagt gr1du M te progic mioBEdNE atetuBedd 12 Cfnewnbafct Cend 1904 Tn

sucﬂv'a'cﬁ& @fcﬁln%lﬂlééﬁﬁrﬁﬁﬁ 8607 BanFhi! Eﬁltt&g@tcﬁﬁg nf@hiRON Alternatively, other
nanot ubes I10. As adhesive 804 is cured, the adhesive

ctcl@@zteetamuge catr tevseds yFos apdrhileropntagiend éﬂOéb@p\b@ @wbjected to reactive ion
I Y . f

et UBL R 050 L5 0,8 0L Sl Byl g o

a reaethotion eishlihg @aaahide t Btier ewhing ¢cahuiqmesl@d be Typl aatdmgct tirk1904 to

profi Tk o SR 0w Pl anidl od% iR iyl EMFineuae

witlaghh BsitateonCad etchmg t@ﬁﬂlhuemu Mdr@oxwr Gdchhiiquéshighe eaul Fm:hf.h@‘kan be used
tgﬁﬁrds an ogg site end mﬂlch i.n_. this exanp

0 Y CHSTYUER Nd>180%- Eénﬁ‘ﬁ anical, gipding H}W?B&tﬁ%&m‘t Be used to

rouitk 8h& QUFARE bf Vbritdtt 3R 9PYL GlhichSehapréducd ptdfuldingalke Qtru@tires 1912.
el ectrical device). (Cbntact end 1904 can be a

As anrgpkher jexgmp ﬁgm@:)bglﬁﬁq amgrntinggeghnipios) sgnorsagpged to contact end 1904 to

credtCHk 2200461981423 a first end or a second end.) The
di stance up columm 104 fromend 106 that adhesive 804

wi dkthoughihe darpeaie writracn isnitestratstl in Bigisr2d 4s peifergicdgn column 104
1nto%ﬁ1919 H&hgé&%&@ﬁa!s WMekelt hﬁo %@H@tw@ as Eﬂoggw iﬁq‘{]%i%é YQB (tﬁaqz%s adhesive

VI sScoslity hesi
804c101n dmtkedrrml)s pohalhsinte nqdemath@#)s theatrcatmgrtdsfswhleh s‘atmuros 1912 are

tlonalg te hi.bi .
erefiSLsop B8 A rou R POkt 2o E e i ARG g wicked
intoadipd i oﬁbhntnOlO?J and eontpAlehd 0904caIstemn WOFigurEdpAedafiat, @he treatment by

paryl ene t shown) can be a pIi d .g.,..b
wiiRatEles JAGh e of omyiad o poiob 6t Ssirklbimanogetumn 104
regdr@lef o Ve R ifar fﬂﬂlli]@rﬁi M 80 4ofu@mos ﬁd@aﬂb 804 hditvackddOSRY the treatment
portions. of colum 104 or at |east to inpede or

can@lsg R PPRISA LY §edvmiy Qhdtosyhighpe athesiunell Ras wadadi nt o

t hoSenmPHdnb@NS1BHin 04 YA 2304 WhEh&ivecRebe BRLYd &NEnHafice electrical
applied. 10 ‘Figure 19A illustrates a non-limting

conég@élﬁﬁy qung(gmgien@eqt@caélM wendgtyesdinpteigl sappe gpdied to columns 104 in a
nuntddY Sp%&’] 1 51011(\? Erﬁg?cﬁlqgﬁsc‘ 'th\éeel&gid'cag@aoﬁgg‘r&tkv e@%ﬁ%@gflﬁllbla applied to

or substanti a colum 1 ' ' '
theadhesuﬁeeSﬁﬂwdahmMEl@%n@Bm%péﬂrmmhhmvsnmﬂckédehmdbghnﬁuﬁn&
rnaterla Séagnﬁl al | Yeﬁ bow%lvfmﬁiaL cgll% 1I%Oaﬁotlu$estadhe8| Yuem1§ qﬁah%s still other
emb'Bld&nq&n[setﬁe ﬁteetn@illy mdﬁﬂlvamwmnwmiﬂ&fs@w ghomghomr the column 104
(e.g., ub tswe%lrl]tilll nlfild%{altcgrrbgtlil %gl(l)olflltlbec)m rTt‘ﬂl ot gr gn%]ods mgnr‘gl falmg acro]t Lglatlons of

the foregoing can be used.
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15 i ncrease the nechanical stiffness of the colum

104. For exanple, in sone enbodi nents, the nechanica
W@ 0BO#893% of col unm 104 can be 100, 200, 300,PAD0S2007/081423

500, or nore times greater than the mechanica

stiffness of the colum 104 w t hout adhesive 804

Wi n S | ient s

nglﬁ g%gée I.Iﬂgocflljﬂg %%L %[agntrl%%lf'% ?ond%cstlvg Eeglgﬁ%% b%giﬁlgocsg%& geglerally on

the bmSlﬁe bﬁaﬂurihﬁlsﬂl O4t i Hoe sxan@e, Eiegtmellﬂ@ﬁdhcttiva statatabsanabe electroplated

or Qfdtgisy Bepittth 8o BefigRoptp inSiIREr iy Bhup Be. m other

embddaticn®) éle&ﬁ?allyﬁ&ﬁmﬂucﬂvﬁ nidi@ialxaimpd ﬁplﬁﬂa@\ﬂm uildl[mdﬁitag Uz[rBon nanotubes,
B, nost of the colum, 1 S S sta tially free
usma%of%@ﬁavl@}esmml%ﬁw AFROSLIgR Z%H?éors%\am}cg VappIdeaasiim @?VD) or in the

spatclbOrwRciPHS endPAddl 0L nmetuben 104 near end 106. In the
exanpl e shown in Figure 19B, the adhesive 804 can

havaeurs 21 [1Bustaten @ eofumae{ 04 aftertrendyciys matesiab?l2ohayrhgen added to
colubt1025 I_Tstﬁ% %ﬁﬂlﬂla@%u&h Qmm'nﬁc 'ﬂ}@y rd@ﬁbsgﬂ%ﬁ‘ (Q‘l‘ﬂ) ltgazh%ﬁl‘?cal vapor

exenpl ary only, many variati‘ons = are 035|b e.
depesitaem I(@VDadhesiWefesmateUdﬂ K)3r eard b rdsprosted qoﬂleanylwldual carbon

nangtg\ﬁésa&cl pgegﬁe%oﬂ)e%enlt%é ndiQd&dt dcafb%ﬁ nag@&b%?‘g@é ﬁt}ap ic&gmn 104 in

can s rea Into co
addttmwan d)r abppasict te @p@hltﬁ@&oﬁ%ctﬁ%mal@% 22@’/@6&@%}1 (ﬁ(l%t outside of

Q%. .or  100% of taI
colfiy Kpnait sorydangurd B a0l Y EnPhaunraRed R Hopeneace
colfniro M ngld 1&61ﬂ1]gﬂ5136d bAMnnd@r Zn%lﬁlﬁ ffrlhﬁldueln gatrhon) fnadteébes 110 and/or

bR R ooy BSBFy [l Gohap iy oS B ol s o

the Hidtekiblomoe g 1r§k@sﬁd1ia|ﬂ Ezﬁb&f)ﬁdﬂﬁﬁbésoﬂo chiBe BHIEAHIEK tHaABalf of an average
stiffness of colum 104 shown in Figure 20, colum

spaqipg belreendndividytleertben ew&tbés ol Bt thefd pergpase ribe calugg 104, Such

trea@r%el@ of WAhGdLaf AABE RRBrubidchd r&hﬁfé@nﬂﬁ& eaec%cap%%ﬁ,mechamcal
features, or structures) at contact end 1904 of 1 WO

Propuyis/d 48R vRET WSB 00T oRTAARE thotubpmio xe4in mﬂpelrdeat_smotlon For
exaﬁjnhﬁtc Ys %r?e(i{tl ‘aV guclfhcﬁ%é@&t o(ﬁﬁ ére&slé] T (]_)ej:ﬁgcﬁl g: v Hg%\g@/t %fl Eblumn 104

exanpl e unn con
andfm kestiffoes ad tcolwrmhl Oén l\é<bre«z\ter,| sa:taﬂl treeminid e gnaolic sheney of conductive
rnaterlal Lﬁqﬁ)y rOIel Sal%'l?n 3QW 11 11181 (nglscaﬁ ;n g nagl Rl%sa%tncsog?qose column

104$ Oifﬁswﬁbmdﬂlmﬁt ﬁlterfemn\m}c tndezﬁtﬁlaﬂ.ﬂle’derﬁ@n ob&ne@ to€ fedbatbon nanotubes

create t rudj structures 1912. Flgu
witl ret Sofeeatt B sFibhg PF‘FP@‘%&& CEmpRe R 3914 efRhFFgPle, as
menlfRENEAItBiBkROOE tB@MmateSiBIUL 108 on 84 Gitid G RhB6H nSdeibED @100 ¢ be half or
roduce protrudi ng structures 1912 on contact end

16881%1@11 AVEFagSIPRFing betwsen ngdividyplfgrhen AARMTRSM! HOBiot coxpopRethg column

104584 tHeCal e3:CIBIsNHard RAD bf‘ﬁle AL GRking &c¥vecRtBBbn n@ﬁ&ﬁﬁe@ 910 that
t echni ques can be used. For eéexanple, contact end 1904

compare He colipjreevhich saadenicvieageobPt@netadion ignetwbesr H@ub@ allows
1nd19{dg 4R g%rébglgt}égtl H 6%n Jv%]vxgth beS46 Bach oBREE, €tching

ani sm can a reactive 1on etching machine.
O: Hécoletm: h@%@Sfoe@htmamdels slwam ib&iguse P lomdcetb @otprisssdidhesive 804

w1c1]<'ecp nto t%e column between carbon nanotubes 110, ALD or CVD can implant conductive
material within the adhesive 804. Conductive material 2102 can comprise any electrically
conductive material and can have a greater electrical conductivity than the carbon nanotubes
that compose column 104. Non-limiting examples of suitable materials include gold, copper,

and other electrically conductive metals as well as electrically conductive non-metals.
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produce structures 1912 or simlar structures. Such
ot her etching techniques can include w thout
WO 20980#98HN wet et ching techni ques. Mreover, PCT/US2007/081423
techni ques ot her than etching can be used to produce
structures 1912. For exanple, a nechanical grinding
C d urf 0 s
cont itk Ggh] AR teh” in A RUE I8 obiiE R ARG Nonauciviey of
cohﬁmt U@, ukseenAE2 a stlﬂfaesamﬁtchkamneboanmganantec hhemadle, non -conductive

tin tec ues, can. be 0 cont
mati% Lfn(?toshogzp)e%q:ne S?ﬁ‘fpag{e rvgéhui é(?_]%gm ,&I%qh(%ﬁg TN aﬁlg}:or around individual
car‘tfdﬂh;&@@luﬁ@ M(EaﬁdlfﬁﬂbetWSeﬂ tdrbed hﬁmﬁt’ ﬂégldj WohinzaD 16@ in the same
or me n. colum 104 0 ch adhesi ve 804 has

i Rt rhed SEORUHT. ToREese CHOVMTS WnEGF BareR’ ¢ Rat or example,
such SnonaN@EHVE mabifOdhoh %ﬁo%)c kad wRnliypoRddt itdldnMardcBt ® mechanical

colum 104), the treatnment by which structures 1912
chargetgnptics &g estisficed Af a6 u@th‘i 9@@&% cpedugipn mafgriglgnot shown) can
be cfe?!ﬂt‘t@@ 111]1951106'0@591n%5ﬁgn adhadiice BAk ks owi cked into

all of colum 104 and contact end 1904 as shown in

Fi ghicking @pndukchive pacticlestinte colugmt 198 wan by anofiisir opn-limiting example of a
trea’a}lgnlltl %ru Er?%néﬁ% %le rﬁalcgo gﬁ&gltg rbg ?8 ('élgrgl 01 Qﬁ Oﬂv}l)%f ar &?f& Q solution
conendnglﬂﬁduqmlvo pmﬁbhmﬂi@&vw@heﬂo veoldovh 1194ds Invoolcedhbodimdnts, such a
ol SFIRRS £8PPSO SR I 9 s o
dlscﬁ:@siedl AbovkO#itlc adpat sowizkingl ddeesivat iMehty Devliirieatesbnicdembodiments,

nce el ectri cal condﬁﬁi|V|ty. r. exa

S”C%Flée PO Gy SPEThRATOEAT 4 f g1cog ﬂisf‘ema%ﬁﬁh dipregample, such a
soliftioh Wil coddfh iReR nadighidieles. OTThaRBo-sizB8d SHRCBADPMICTBAL S , silver

the electrically conductive material can be applied to
nanppagti derregan SYiels Bidee etlumpp d04gdUasieeiqgpndion appng pndirhgtveen ones of
the %HB&QhJﬁ%Hﬁaés { ﬂ)ethﬁl &%5%5 @J)lluym qgnd q‘ﬁ&e‘fﬁﬁ%@s B ffub @hhance the

can applied to individual carbon nanotubes in a
dﬁ@@hbwmdmﬂwﬁypﬁmspwmmndﬂﬁer enbodi nent s t he

t hrA:nb,r ou%r lmt%F] %@a‘tﬂ%ﬂﬁﬁ%&éegla?&%@?%g%ﬂ ?I% déiéc%ﬂ:al ?onductwny

of a:aﬂlbmm lvanotlubes )v,lthout Istijakibn dtehteatreenb ddisimetnd s 91 Flgm;e 21 by which

congoglg? 31%% ]gf]a%ﬁ fﬁ@ﬁ% g)lg%hy%p ccnﬁgesag)%elgdq 1% an& crorlél Sl 04 r%gardless

of ewefat fromahnt y 06 ol val tiink @ 04radiesivaR0L kas wiekede prajsthe &datrnent can also

ve Pl 011 ABE il R SectenFon T BAeN o MFBp At Gureemen

illu§¥ate@tif @[guresgl Hﬁm&htceﬂdlﬂcﬁv@mateﬁﬂtmog Iisezdi)ded)ﬂi @)lurnn 104 to enhance
general ly the outside of columms, 10

the glefier! iraifustivign dcelmual Mhyrap 8p appdies \tﬂea ﬁ%lt“@? .194 re@éﬁﬁﬂ%of whether

the @ORMh €@4tHas LA Ylatiials HawP N FRARCIHMRESeat® sthiaits 12, Thus, the
exanpl e, atomc |ayer deposition (ALD) or chem cal

ﬁﬂw@ﬁﬁﬂ9ﬂ%$@§mﬂ¢Bﬁu@éVB$@bmﬁbﬁpﬁﬁ@H spaces between the
| NG %Jne&?¥ ROYifl %&R%ﬁed cElu%"s%O%l 04, '1‘4§U1%‘0§518%)4 2204,

colunn ter con uctlve et eri al "has 'bee
230Ad aleld 230" hcr@inuarn ex&)rnplesUQf nglumas HO4. quléisreﬁo,rc,harafsorat @mmre of the

treat% 11111&%96 1 re 21 ca g%&n&% t vap olurnn ?(? t]bép ri404, 1604,
erlia can e oSl on
ISOHIIHOHIMIOWI zﬂidaBOéb ar bon
Figures 22A and 22B illustrates another exemplary process of enhancing the electrical
conductivity of a column of carbon nanotubes. Figures 22A and 22B shows a perspective view

of a single column 2204, which is attached to a terminal 2206 of a substrate 2202. As shown,

24



10

15

20

25

30

10 nanot ubes or inplanted between the individual

carbon nanotubes within the colum 104 in addition to
WwW@er008j04898hat i ve t o depositing conductive mat er PEI/UZDOR081423

generally on the outside of colum 104. For exanpl e,

deposited by ALD or CVD, conductive material 2102 can

a Q4 n 0

colLHI%{]%ndél %aﬁ dncciu JTPolgoar %ﬂgt}] gg%gt C\@uﬁi (& q)e e{] ﬁi‘[/nR{I)lé te%%%le of an
interiod casiitghy alvhicta b ehowra oot ed(lemi ﬂhl:(leng“[h Gxﬁlcuhlrnnlmm from smide2220 to

t hi knes mat eri al 2102
te@ﬂ%%ﬁﬁaﬁ“ﬁ%ﬁ%&%@a lgﬁao? 2%‘% %TSWHa‘}SPgoarnﬂoégge techniques
desctribag hb@lf foogrobanng?w(ﬁﬁra@ﬁof wpaain ghgaﬁﬁ \b%ﬁrll hinditobics qullow portion

arbon_nanot ubes 1 at conpose the colym 104. Such
220§ CALPTORNCH AN il gﬁra nngr, (108 X 1QEY 24H cahpragiewn around a

sacr‘iﬂi’&al@l Iﬁlbt‘ﬁikl (n@trbi%ﬂﬁ) N RMA&lthe POOREHE MEEnOEolhikifs 504 shown
i ndi vi dual tubes ile permttlngthetubesto retain
in Higldeserd et fhﬁ‘?fhéiﬁd bpplacing pgagificial ayiembnetitsrie dic shapmand size of

the B&lﬁﬁt ﬁﬂ?‘ﬂ&n SR olnrf)%ft GRe a?éa%@%fdvﬁl@gurf\agg g@@é)ﬂpﬁée‘d%y%{l opening 404 in
colunn 104 20 and/or a stiffness of colum

masigeloxasrd02 s fetummseltenentumifsed @, cantthen pe gme\mcﬁorofthe arca of growth
C I

RS IS RLoAE o, SLONI AUHAD ) ol o

cohmam sub b Eltlﬂ{tl@ldrrylsnﬁﬁ exeplr fher@ntm tdﬁ thosdi mlu:tunﬂ can comprise the

of on of the ca on nanot u wi th spe .
s R <R i Shblh AR GED BRI Rl d EERRRRR04 v
hollwébortﬁmrzzex armt @pl‘lﬁ(ﬁjlal Imggwmlmmed%mashblwmp kmaRSe@bvddhie any suitable
nmat er I NAl VI caroon na ubes 1 an .
marger H‘&l“am@rp zswfr@ gt gﬁ@%ﬁé%@é% @015@93%3% or ctching or
othér{ﬂfﬂsle\dlé@b‘l@{n GAE B&Jﬁﬁ@ﬁﬂ?ﬂhg kesctdd0 Mhvadt, W@ phdt8sses for growing

col umn can be half or |ess than half of the

colwmégéfb% a@Oﬂ@%éwéaéw hesgin g branedifiekle erap acplymn of nanotubes

aroRMPRR&iflcNe ?L%l WRt0 ‘éenéMﬂyCQs gaRrib&RMRVE 95‘%0(91%& We&dlumn like
car bon nanotubes 110 ¢ [ ows 1 ndividual carbon

colymein 8iQfpeh pil@llpy mw WOtSh Reélsqyéban gioweetlupn tpécarbpp nanotubes

o510 b B5EDc CAME208 BB, LA BARE e

usirgetnyed mha:globdntenlmn@tw desriidDherdin. DTbereiftAD lgdlowi prpli@n?208 can be
uet. na wi_ t.hi adhesjve 804

creag%cf1 9 inn% or ¢ t 'g aalwa§ ZPGQ Cfg%;]e (C:??hrlrp 0 :éé r%or%lynan‘otub%s {not l?own) that

con@;@mw:amn/ ez(maiaﬁ bk &brtiadity dighed)ane cawgt @a0etanahaeford ad vertically

duct|V|t n t he carhon na ot ubes o
ligG5] CproNRG AP £ 168 DA LY GG b e o Wit & square-

typd@b@rscadon, bthed tste ogeroth scERP efe,cqua@ltofich®lated.
electrically conductive netals as well as el ectr

cosgrdiegeo L epbyran 420458 mags, 26 shovayigdiagires 22A and 22BI ![h% hollow
porf?(gr 343200 W OBN42Rith GRNGUGTLE c%@tﬁ%@aﬂna@ﬁg%ﬂgnwhkﬂ can be any

addition to enhancing electrical conductivity of
clecgridallygondyativeanafeyriad AR Hhihat epndrejdepreied ingf h(d@mﬁmquOSAéTo case

il @RALNS61 bh Pea A
QRSB DR R O G T i O o
matamj/2(3ﬂ0 b bioltbw p«mtlvn aget canda:rﬁubm fibalnoitiu besludtihe mateilp2210.) In
somk%:etﬁne 0 nn% HL%% %cr‘gl%n éﬂ%ce%‘lﬁéﬂéa AL ev%\%!g{%?err é:fs%g' elc%l anJ]uct1V1ty than the
cartb@posottibasgl 10ahd wompye dvbingr n(m R1Wze dﬁﬂfodemmp Eenductive material
221@2{%3 Sci%?ng)él(s:%) gdcz)ﬁh\é% gz% nnga}ter (gg}slag\be?y lgw merEtmg point that can be

deposited into hollow portion 2208 while melted and then allowed to cool. For example,

conductive material 2210 can be solder. As another example, conductive material 2210 can be
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characteristics (e.g., stiffness) of a colum 104.

Such non-conductive material (not shown) can be
waeleesigerl in place of or in addition to conduR€T/Us2007/081423

material 2102. Wcking conductive particles into

colum 104 can be another non-limting exanple of a

a C&leg a‘?et%ﬁgﬁt Es%epggggqgtP rh%llg %t{olnC?jOS R qgfr albYe 5r segn flowable
state camdal ttlcdnl cmeedpamtsmgl ths conxtucbee matekleldzz 16t to larml 1usmi\e hObw portion

n_sone nt s e w cked
2208 g B R T Beroh t Bt B A e e S ST S e
az h@dmﬁﬁlezz(lah Q6 Us sleelxaa{pwl & thid &d’l‘urﬁl@ﬁm(iﬁgtg@re\/\l akd mstrate %202 can
adhesi ve 804 i nt a colum. In sone e I ments,
be an cxgnpie of prbstie &@%t T amdefeenoehesen {9 ?‘E%nsolfﬂ“ &an inchude column

2208 QR G CdxbMBleBH @Mun@ds- 1080 hinE ¥BNRY@encs uféﬁuatol@bﬁt@étytm@ Ran include
can contaln silver nanopartl cl es. The nano-si zed

SubgEHRROL] ay én sEsple (oé substrgge 105 Folepxamplen apapt sokias. 304n704, 1404,

160W' Pém' A 83RO LﬁHTIBoloé‘an%%thlﬂé‘d QR @R -QMIng hollow portion
/'or between ones of the carbon nanotubes 110 t

2208(&%9%3@?6&11@610\0&%%@@&% Thiegel lkarRl&l es can thus

enhance: i opduc y

oA RS CrNTh %81 FREC e Chal SR Bl Wi gt
whdreas e&mh'ank:c’pqnguceﬂvé}z timpzcrati bg(madumg thg istface 20 agbluanncaf nanptubes can
be a ?u[nctl? g{ %uafac arca gufiff 1%21 mﬁﬁt%' nllfngne%%{jl d tlloxé/ argrlgtt%?n té?atlng an
1nn62r]2ﬁia duter 3aidted td Gcadrd Bnduddye BabBnd6f ﬂlBFbIbbﬁijﬁloﬁth{ methods, can

um 104 .regar dl ess f how f ram en 06 into
allo&’&l‘%?ﬁﬁldiﬁﬂ“%‘%@%?lﬁ‘féa%é Hsgnwﬁ‘%afff CHH%I&FHE B5S&at ment
Camni@losgh F@@re@p@uz@sﬁo@v BncCEdIER 150401 BEI@MIMIR0A WkIch can be an
adhesi ve 804 cked. Moreover, the treat ment

examplelﬁ eolymed Of% ﬂmut@thrl@u@lﬂlwam% Rigutsn dARePyer spbpnsinganechanical
stlfglgsgzcdﬁac@dﬂl%r tefécﬁf%hl%d&c@i%@ %rcﬁ;@ﬁﬁ@ %3 CglﬁnﬁlBQM can be applied to
el ectrical conductivity of columm 104 can appl i ed
maryccofngs| | QAmMpovere tha tetheiguesoflusied irekigutch é91%bﬂ3 aierexgroplary only,
Figure 20 to create
andls?l?a?l Slt%%{rhe&slg %gilgtgm?‘ﬁve%qpe Sélﬂgt ructures 1912 shown in
Fi (ﬁyglge 23A nbsdatpoin dxemplagsaivtnatiAscniremteimenied tior coagciwrbperties of
a coge cgg anogugesg%ﬁrd?r}%grbes&%% aePlébA'glfr(lﬂaent]s'logihe Ven4£ on Flgure 23A
illudtOdes aToered aB@4 oﬂﬁe}tb@lﬂﬁat@tubﬁ@ bﬁ aoéubﬁtfaee 23119) csh@m memrﬁal view),
illustrated.in Fi gures 19A- bea g 9\
Whlelbf) & Sagy, 101&}6‘21!3 itﬁoaﬁl mtf%ﬁ 1ate 6&'1‘[6 Q Hro %Gﬁ strg gAs shown,

colddD 4304 kh)Uh@sde2 gAkageiciidd 123 lusitiat @sn Q)Boﬁd'ilel[mltlng examples of
exerrpl aci/H process of enhancing the el ectri

1§58y OToPOIRES SRR o Stelat*lsf‘éh ah %r?@’ﬁtﬂ‘{fe%ld P04 pf dle column

23032'%09@921%@ ROV RIrREF HRRGH ib¥ Gt ¥biBWs oPloRadicR@h802 as shown in
col umm which is attached to a term nal 2206 of

FigeraB3Ar atlerpsipdy, psek streswiics 2312 cowb B08hademsens of contact nd 2302,
Sucﬁgl{ep%gtg%/ggé%%%g 91] i ox%% ﬁ odt&cﬂeﬁgl%te@o n%% é)ﬁwfy of contact

ortiron can |mt|n exa
endaZﬁ 02.i Moerovor aldamih four pedhi strhctalss %bl\me @lmwnsntFm\me £¥re contact end
230 Igﬁave%florg 8} M, 2eza Aét fCrtlcl)I'renS gg]% %)26%9 L oturesej’Srﬁ @91{ cozn%p%ﬁse ends of
ral’l'y sp eaki % co 4 can be grown~usi hg ‘any
ones)(ortclmetetsé Ghthe curben nanotubes that compose column 2304.
Peak structures 2312 can enhance contact propertics of contact end 2302. For example,
in use, contact end 2302 of column 2304 can be pressed against a terminal of an electronic

device (not shown) and thereby make a temporary, pressure-based electrical connection with the
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descri bed herein for grow ng colums of vertically
al i gned car bon nanot ubes. Hollow portion 5 2208 can be
WO 2008048988 any suitable manner. For exanple, cRPCT/OR2007/081423
2204 can be grown around a sacrificial plug structure
(not shown). For exanple, the pr ocess of making
elec?r%]mlé 'ngcé Og%ecge%mtruétvref F?ﬁr ceafi peng ureetﬁg tel%?h ﬁludl%g ag% debris or
layal(ig al’f oxitlhkydrpbh dw tplttmilal (amd 220 8ntancgtae tbitfy dfhhae ameat end 2302

o Quell (B Papih’ 365 BB EnRE et S nraR S et ah 1 Ry cttoctively

profiée gie@éenpredsoinaphigstarna@aied tgh @wbimhQGhg Mckﬁﬁ@k%ﬁﬁctures for the same
by openi ng 404 and not covere

by th
congiglforee; hepigen prUgP!SPR gt G dormitbsissunue m%ﬁlefgwnﬁ% bayqcgenerally

the GPhFREniRE 4ro8X &RRénal AGasceNt er of those col ums can
conprise the sacrificial plug structure énot shown)

whi‘tly Bathohéhat erasiess Siastyresilikg neak ewuatyres 22104c4Ri ltehused to make

colpd |29M4 P} 'erﬁn@lgO@lthJR %Iﬁ@d@lﬁh“h@'f%atlﬁé légtaﬁlgtr HethbE llustrated in
(not shown) can be renoved in any suitab manner

Figimg P98 ergthg rﬁysd eadlyy mpathddi ihgstrared iplRigprey 6 ami Urcen beusadfto grow
| . . .

col rﬁgﬁs‘fgcr 1n% pr8 es? 183 %\Jr uc uc:ogaﬁ?q %’}o'fﬂa@’éﬁ' %glugﬂ){ng’%@% ﬁépgfown to a

desmdoteegth,eﬁlefm gf gw (ngntammlgmalpsft marrblcb andharsotugb@$ carbon if the

ﬂoaﬁlg% 82?[211%5% rneq%l 5 6§Jﬁ%ngdus§g e quécfe qf C% 8%; % S‘EI?er u)&eld &atggflstunrnreqhgcf 18 being
usc@)e tartal dityred SudheistrthdReky abth\t gad dirqetcdditiReatéions @l thewvnd dike column
2303 %rggpeg g%ﬁ:\r/‘ﬁwur%;b@ggg%he%vﬁva %trltlel%gage gf}tﬁ% gnactépaglrngtﬂlge trl]ow of gas to

oth&Peftiohs 6 B el dFGhSEIMAR DR AARIATTeIR 2MerGRLh 88k MY Flow of gas
wi t hout hol |l ow portion 2208 20 using any of the 2growth

direeisd ghiogifioss dlelde Frbeldhn erlamp 230 hwheraPeadt Strupiyras owd 2 arc desired, the
gas PGdiRhed %Qﬁh& %a@(ﬁls aEThEeLLEE Y c SR DI Qh bE Qﬁﬂs{aﬁgally decreased

away part of col uim. Carbon nanot ubes (not shown)
or st¢rped. c.Cbmm@téOd: @rmhlem@ 4hig gan the tg enavicatemplagd ingmedsition at the

b

oo ROV (2R SANDSEARSINR BRI EEL I B b e
peaR 308ctiuss AGWN AMi Y aao@qudteenatnvyp@ Iorgsse Ske 1ﬂ|ownof gitshdrected to
locaﬁ\;\ég S r dIOJées seno?Oth gl\?cvc :é:og orplﬁ’ Qg O\Zﬁel:'%gl 1% la s?r%tgtgl{g; L% ﬁdare g’eswed the
conE&n@ﬂfl(ﬁﬁ 02 2diva ntr &2 Ehts (tchl&lybtohitawl abiht inereridPOS is al01b€e of carbon

h an el ectrical ‘Lé tFonduct ive.materi al
I

if tMO&W%@?}ﬁﬁﬁémﬁWyd Isiemg P g malSHY RIS Ao OF P%.fﬁon if the fixed

catadydl hethldatis 6afe bedylapasidaedirtdiddoathedaions fand b@No2BO8olumn 2304
(To ease illustration, hallow portion 2208 is shown

thria Pk gliRiures A3 e Q%B%%ﬁntheamrwﬂ WEBpUpInCFragipg g copqratration of
the g@ttv% rlflg}k:dlglgg'gl thD Wbwhlh oW &Rértﬁoﬁ{bng%pﬁle%ﬁ@ oPehefddlinh 2304, The
d Wth conductive material 2210.) In 30 sone

fore@m@é @hmhEssnlsin 2gneraesed gowiray @faﬂarbmmn@abﬁs lhie legations at the end
of LRI R4 Wh%‘%%eélﬁ@uc&?ég%g% Ar¥ 'dFs\freEi han the carbon

nanot ubes at conpose columm 104. In sone

e nb@dam@wt sxangdn die mpw-dimtatgemethdd of fidingapeak otmpatirse 2312, it has
been %I Vli%os rtecq%elsaclaawr%\gIa?ce@lél?olnﬁta{n\o/ﬁ b%( lcol%}’nvnom%l%lgﬂa??g ﬂﬁ]ﬂg%mly to a
partwlmldr denpeh, t &febr avtdeH Hencodhrhowentitues G:@(glrow Péot neXamfir@ly. In some
AL o TR 0loh 21 G oSS 000, SOUELcs ike e
sthﬁ%b@ﬂZSQBS PCT/ US2007/ 081423
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a curable material that is deposited into holl ow

portion 2208 in a flowable or sem-flowable state and
WO b@R/0¢898%d, causi ng the conductive material 2PQ0US$2907/081423

harden inside holl ow portion 2208. For exanple,

conductive material 2210 can be a curable conductive

1 O?( uresg%g A lilzagaﬁeggdsagg)%?l ?ﬁg%gxa&fﬁlets g? E)e%gtlu N %or creating a

coltemal‘[bé eolofn A304 twitht peak O;ﬁrucﬁ[ﬂw dike anak stefcenesnZd 2herc@iing to some
ljﬁ “ﬂﬂﬁ@ 104tcan i nclude colum 2204 as an exanple
R e 104" °%nd any reference herein to substrate

10ZFigaes 2IBCAAHAESC Blukrgdtd a{efbfm&haﬁlca’iﬁmgﬁﬁmy $an@f 2330 (which can
substrate 102. For colu s 504

anp n 704,
be alimiting gyampleefa m%@t% tOOiéf@a cyaaﬁa usedio %a%@mctures 2312. As

sho®AN §terp @850 doehriE Rl Wold A0A 293k Rwhich@hd By BEX-liln@fhg example of a
2208 that can be filled with a conductive materia

moldy th zhey mverse (orﬁ@g@ttve} fheas of 8 degirgshieab ductergh 2%1@ gn be placed
ovef H&ﬁﬁﬂl%O@ ané ‘ia%%s%d%%%ﬁkt%é"en@@?@ ngolllrﬁﬁ] 9@@4 meﬁsegét seen in
el ectrical conductivity inparted by treating t
Figgar2Bedevhish showekums, obsnsnainabeiswee{rroluyan %%mmdtﬂtmp 8330), can
1mp§1ﬂg1§e%ﬁ§tn?cruggs 3|Y§ktllt5]9n(?23(b§%‘-f%luﬁg @ um 2204 hol | ow
en t e nner an er surface to be
norieguwoniic and\/é%Eoylustrwe mtechmqueainovlachm oluoned Oaﬂfétkh @dlsymn 2304
an_al Low the cr
can {8 ol KO SRR 230 it Fn € P REASETS BRp Lol poion 2309
and 1dhe 22 Bac b @i s QGDYJ iRteddidg (rom tholenl padidn 2000, C(F oA Bxtensions

e an npl e of colum 104 e tec ques
2309%&%& li‘lﬂreF‘?rg‘%Wérs Cafggezé%dﬁo?f E @arh%% ST g growth
matStidl DB 0®GmhicicRbatike g@dREH RAhteRhISODih p@hre@cm@umywaw 604 in Figure

properties of colums 104 can be applied to
6) LU AmG OfL O, PIOBTSESVISF grw&gﬂ@&mﬂs(ﬂfp garhony %@épﬂl&t:»“eélsplﬁsed herein
mCIEJilQéI rv&gﬁoﬁ-tgl‘ I%l%a%oﬁrtﬁe ﬁ%&%é@@é@!}%wﬁ%mgm@sﬂ? 78 Yas been found that the
variations and alternatives are possible. 20 Figure
colpmn23Q4f cant grawessneralle waifgyindr from| thepaniel pastiem Ao rasewth material

f rfi
2308 g)rlll% ?a%bggs aggtgarsg% gegg tOI(l) eg%rrlrsgéng %0‘7—: g{}%ﬁ?’bsa%c#ﬁ?hgﬁr{lps of extensions
2307 nvEns,i snshonguorfegl28A3E, bda&matles Zélli@lam end2@drnpfat corners of
coli %:UZ ﬂlanOt %Pseo Colgll’n% ﬁHP%tmrr Ahen 3got(()) tlé) tenswnE %(}7 aIlhe faster

Vi e can ué d sacrirrerar 3T &E
growﬂnt z&rthﬁecbrﬂére of udisinh aBe4' cati radulp Iiropkuﬂit stﬁictbﬁ:ts Q&IZ%‘ as é\]Sown in Figure

ol um 2304 can incl ude structures 2312
23 A e D A e s L of Db by ot e
St IRUGLIAIES 0P hoW Volint, 25028k Ub@ad, Q6lufiar 1304 lﬂaﬁf‘o)a a&t example of the
contact. end 2302 of the colum _ 2304. For exa
colysansyl 0dip Figuis dsandappbstiaif 2109 cap be op apmplgpof ékbtrﬁrafetw%n o hus, any
refefenod h&SinSh Q¥R 104 LAULSudSE urh LEINAL InV&hMpleRF K umns 104, and
structures 2312 can be in other |ocations of contact
any gefgrepgurrein @Uahstgtchdl chp gtude pbstain 2BR0 a3|ap gyareple phsubstrate 102.
pr peri ~ ~
Coﬁgéﬁcﬁlﬁsy oft % gdgwogéﬂtoﬁ%?sg g{(/ée r@?ﬁl géb eﬁld iR Et}/cupaﬁ vertically aligned
cartminmacetubes @8dsX c gy, @okihmw 04, rkaiclg@Br dascmse\d abmt edat beenlgit need not
e—P\éeétkcaﬂ aﬁanegp%\éb%ﬁtgt%rﬁgtga% cél%%s: gaglagaﬁ%t E)Hgé %rroﬁgr‘m%% 1%or example,
upoa lapydtcetie) ofaf fotch eampb@hfonanmtawmmﬂ béd C(ﬂmmi) (0[72) thEOdollmmh 104 can
2304. R?éé structures 12 can enhance ¢ %1% h lied
compr SRy eepsh g og: Brolﬁ?‘éﬁbatn q SBGYC EIPPUNE 108 A PRPQiEe,IC appic
force O Nipas rerfdidl 2302 aflic€ @drtd)theZdQdniC E04 dA8 siisessad; Iag@leﬂﬁg original

a termnal of an electronic
shape and/or position or at least recover a portion of its original shape and/or position (e.g.,

28



10

15

20

25

30

devi ce (not shown) and thereby nmake a tenporary,
pressure-based el ectrical connection with the 26 WO
wQoe8h;93D38 PCT/ US2007/ 081423 el ectroni c devPCEUSZDNB081423
peak structures 2312 can penetrate the term nal
i ncluding any debris or |layer (e.g., an oxide |ayer)
te n (1
cohglgnn El&? aneﬁn g&ﬁ%ﬁﬁy ?%fs%%ﬁ)%egc ?ﬁ%stogfc%%ﬁg lnalti('%ulges htke columns 104
(whivhaasplagsd dahéde meﬁ&elt}cﬁlgnéd pebda stoubt uslesindIbR beamed to have one
effectivel rovide greater press st a
or i GHEHE MR PaS in A RGP SRR LS s P apREing elnipg foree of o
parﬂidm&r saretdbthe @blua@! afdthe euligt M&lcdnhﬁlpaﬂbbléfm afoek §p@g properties
rmnal, assum ng]ilthat t he coI Eloge gener al |

thatt wesaaﬁélusrorswﬁeﬁ at (GOgEE08d Ip i t %é veh bR tURiRe FPé%/%oJYPica”Y’

theﬂe&ft?etr tﬁé eslGe %/1135 SUbd@hEH 1§ Sndihtkie t]ﬂhetﬁhecﬁﬂrﬁﬂ&ﬁééﬁﬁ %Sﬁ&\]ﬁg tdedplication
be used to make colum 2304. For exa

of fpreas toathr gAlumnHBatiarp fpss Hign chn wnipg ot EE%I Fareq {hat Rereer than the
orlglrﬂil tlﬁh%%l%ts, 1s_2a Eﬁe(ﬂB tﬂJk%lJﬂu?( % 7@@3&&'%&5 czﬁﬁteﬁgg the column, changing
lustrated in Figures 6 and can be used to grow 10
the eminlgmm@t«t@&to mwsmgdttmféle preacefosceof growi ng col um
ir I t
%%u[rg NG el{,l&s? %gge%tga 1%%?}5&5&%46(? f(%t tugrrlgl eornlgar ng%g cglurnns of
carlsmman@ulm‘s acwdmg]tq dortelegnboflinEatsion gfleoawantiylst Forettrod disussion and
purﬁpgslﬁqgfdﬂﬁlgtr%l&lh%e Sp?ogcrg%s)e 24&@ aoﬁal%%urglm i lglxsgratgﬁ% %smtlsr%%ds lt:)elow as
tunih% @\Apmlfg donstagaslseli l\j\ﬂiqc@ﬁt B&k-adlud cﬁcsafﬂl@se)sofabhinhle 16ndAefs known, the
the colu 2304 ere r.u res 23 are .
SPrige£eEat ¢ %PH% SHEe m&pfr?&ﬁ? Gl ade %thd%ié by [ggfiggnce the force

dlSIﬂ@%S the s ﬁngacxmﬁn PRI ds@N &angé of ih@ spiil) ofrhtthie, IcolFkTRvhere "k is the
2304. ternat| vely, rather than j ncrease the fl ow of

sprigg gonstint: eld't 8 @ ferce thﬁ@ fooihe springs tsl ‘@nép the distaacectby fames F displaces
the g&% VY*PEV FocB&N08 i ﬁb@tﬂé%§er2§r;11?te@{OQuﬁ§§ ﬂ{e%gnn% &%staﬂtaé‘f columns
dirécted at other locations at the end
104cmru$ﬁhe 2BE4ssE4H0 b@ltgdﬂbswram mmgyr@eme@a%@@m@rm Rather process
t t [ ' '

2405 G sp W fFRIQIRS, ke BEDLAEL B9 chllels 188, RBulel (JRYSE carbon
nanbthbe gastucan onI y fl ow t hrough desired regions of the

ﬁb? c? ?a Tt m tslgv% a%QevFe)Fs ol% tﬁ’r&m t1ruers% Vgl%%sz'r I%ISI éé%tf values for

ano Her —at Tl Tat 1% 'T'ncreas THé 716w of ga%

oneObrt @otceshring prbmmsl @nsbeabbtmlned emdr @karhple, aohudmm 2808e obtained

wher e peak truture are desi e
expfc‘f&ﬁi‘:%ﬂf 2 rehen Z? £ Atq Jf&ﬁd’rf Adegirper tyes@ y@pde using a particular
gromt REtipal hadingd 4 heetic@drafidcadndtshade, bR.)aas OUER! ©f cxpadif@nally obtain
if the floating. catalyst nethod is being used or the

datggelating particplay tqnglgafo%d?\@és tgfpagticulsg yakugs @%@ngqs)pédfalues for one or

mofé%bﬁlll Sbp éméanqhdt %oltaﬁfnqueusf%g}:xdnﬁblé Q%rgtqﬁnlgg FR&d &4 Riapplicd to
ocatl ons at the end of " the colunmm 23 25 where peak
an gypeipenfrleeolpmn nofrsoyes iwhich esanbakike ﬁ@hd@asl@d i & Wgegtion that is
' L&y f [
genlatlaﬁ§ g%ﬁl&é;?véﬁthﬁlerg eSﬁﬂgw o#n(ﬁrl é)g tAgtregfﬁh gfrfg‘t F‘gﬁér?rtl force 1S ]'gpphed to the
eXptmteeIedd:Oblﬁnm testsaeh baped@od oﬁhbe e?fmrlmgmahgblmam tcr é@mne values
of gng o%nmolrg%rr? ase% ecl'l‘EleM lt*lor eaxtae R:f tes%lr bo% er rmekc)iesn %e €x erlrnental
9 ScatTonsPate PRE%eRd 304 “irer & P
colghrr tocheas@s it Skhgapestahe 8ﬂ1d tﬁd claAB: rallig}):tlh] @zﬁnoﬁ)thﬁ’@hﬁg obnsant is valid.

on-limtin od of str.uc s 2312,
The 12751 ot B e B Gon 1t B Biel AR e ol G e, i Rsured spring
con@t@ﬁtbtﬁm cRanratyhe Theh, WnBcpdnediad foycelmdt iogrdtyr thah @e first tuning force

can be applied to the experimental column, and the resulting spring constant and elastic range of
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particular length, after which the colum continues to
grow but not uniformy. In sone instances, the
WO 0v80#198%r m cont i nued growth of the col um r eBCI/US20071081423
anomal ies |ike peak structures 2312. 27 WO
2008/ 048938 PCT/ US2007/ 081423 Figures 23B- 23E
the I{:$ellu tcgége%ean%aﬁiedﬁl&{s ?l r"l]"gg [aévgll c{f'tlllel gé?o jdu Coé Bt %gélhen be I}?ted and
cpsdaaaéd thln umtmeaessrehlskmgaaaistamt andcdlantie sarzd 1 Zlmmocds ng apying an
ment.s of the |nvent ures .23B a
mcrﬁ%*&‘%lX Fau%ﬁir ?‘Bﬁ%g e & t‘% FRNERL AP £P“‘i%1i;§‘g rﬁ% %’flgﬁpconmm and
elas?id 3hgl Whtiehvotuaih can Heaegeattdnmtil esuiting spﬁ(@g‘ltﬂn@ta@% afd elastic ranges
ngldln tooI t hat c?n be used to form peak structures
have §gep no m§ﬁ8%ﬂ¢m§n%‘%ﬁﬁ 2330 conprising a nold head
2331“21b(evﬂ"ﬂllﬁﬁra@e@réxp&m?en[h@ @priﬂgr@ohétﬂﬂ afX el cBaffe Ata BPhdlumn 104
with the inverse %atlve shape of the desired
madsapiogdhs @@mka@srezm 216&95 cdyig n3rageeh 0Q§\1 }eaboa@l tierexemple. a column
1043&1?1 H@:r er3kd a@glﬁ' R herin N30 % %10@1%965@51?@91%mg%f0%@ will be
best seen in Igure 23C (which shows a sid
appbﬁ:(bt@sie@emmp dwatswturngnﬁg ms@mﬂnﬁwmawdg@mmnz&sf@yce imparts to
the &ﬁFrnn JIQA& égiﬁg ke:lléctegfcggl %%%B%%Egg’ql % Lééﬁ&r%{l%pqoegﬁlggth%f particular
coltrec mﬂl \qllllé:)elused/\tm abhuirathe (fd)mgmngwdtatﬂelr Keneeh timl VQ(BMg column 104

tha SO BB RleOTb Rl PR kG SR e b yif 38 dBfussed with
respier @ Biihe % eNproB30atd exseaidtli B, maioht Wl bedistwbed with respect to

ortion_ 2309. . (Four, extensi.ons 07 are homn

Figigd). gt RR g el [Wape for%f‘o‘?ftﬂwég@%‘é&@ a elbjeP S Glugnd of the
col@ih BaPtddnA&ure@iohbal ordBGface Wi orﬁ;@l’t‘o Bﬁfaf)plfé@ fecOWththe column

material 300 in Figure 3 or catalyst er 604 in
104pselegfed to by anginsEmaRyl @funim dhegrperdage qo{ymg ¥ #rgfound to have a
sprlﬁg lc&ﬂﬁh%t Qif alﬁ)%x%ﬁe P&ﬁpﬁ é{9§1§/nﬁlér§ﬁ: I\A@Iﬁﬁldanhﬁgs%b rIlange of 0-5 microns of

i hcluding without Fimtation processes shown in
dispicgumertf 2he7free| and h &imibpslynates amdyma anoth¢ydunip® foreerpfD30grams to the

f r

free ﬁgve;%)%\%lwﬁ{]ﬂal el{rﬁﬂfé ll@ﬁ gh% 8&1{)@8@6&1@ﬁ0(ﬁ§% lgh Wi ffl)ﬁn(anto have a
sprlngtamstam di(atppnmrmtsly Dgakranﬁmmrpwnlm Qu Iebmtlmage ¢fip 80 wicrons of
dlsp(:f ctrergl(re:ls uo?glze 1%%;:1 %Oé.ahﬁ U gcse’ s & 81r1 rrre]pe%te% \gvl}tﬁ gﬁn?n Zj;%rdes %?6‘% grams,
0.9 Qﬁﬂnﬂ[ﬁl O%Be@rﬂs and he g@ﬁlﬁsﬂ[ﬁT fSrcefand: tleursnltidgdB4ting contact and clastic range
dtcobkfﬁng %? S of extensions 2307. The faster
agn YhEAE col utm 2304' can result in

peak structures 2312’ as shown in Figure 23E, which

can be generally simlar to peak structures 2312.

Regar dl ess of how colum 2304 is formed, columm 2304

can be an exanple of the 25 colums 104 in Figure 1,

and substrate 2300 can be an exanple of substrate 102.

Thus, any reference herein to colums 104 can i ncl ude

col um 2204 as an exanple of colums 104, and any

reference herein to substrate 102 can incl ude

substrate 2300 as an exanpl e of substrate 102. Col ums

of carbon nanotubes Iike colums 104, and in

particul ar vertically aligned

30



10

15

car bon nanot ube columms (e.g., colums 104, which as
di scussed above, can be-but need not 30 be-vertically
Wa@lkoognesd3E ar bon nanot ube col umms), can have spPCTS2007/081423

properties. For

(an applied force) to a free end of a colum 104,

exanpl e, upon appl

cation of a force
t he

LUI’IUIbi IJ.ULI- Cdall

al sé

CUTTPT €55, UCIIU UUI

eher ate an opposi ng force t hat opposes the

OT 11T Ul ImTovye dlld

appiun@tg Fdroe ce.

r\r\l 104 can

Upon Spring @onsthnt hg

uhet anti gl l v racny

> appl Elsid Ragge, t he

L |+c- r\r|n| nnl

Qrﬁegféﬁéror POS
shd

its ori gi nal
2008/ 048938 PCT/

TioOoT —CCUOVv

|t|on067g5P£W€ﬁ§P

\pe and/ or position
US2007/ 081423 co

lecovela porPPHHn%
(Bpl@cemen?8 WO

m_104 can he

=5

el &stgremp |y def g
| i ke colums 104
al i gned carbon 1

r mabl 8)Y2 2EHISIAKEDO
|  (which as stated
anot ube colums) c

car b&h0 nanonu@ess
Sﬁ]gla&%e\{?” ically

AN tuned to have

ond.8 grmsror e par
can be tuned by
particul ar | evel

ti cul 810 gpmisrgicpmo
appl ying a tuning {
to the colunmn, an

berti e&15A colmiemns
rce
jg?ﬁ%“?ﬁ%?ng force

camd gmast one (¢
val ue or val ues
tuning force. Ty

r nor .08 Rraniygnigfodps
that correspond to
pically, thereafte

brti esn-30t hat niiaves
the | evel of the

> Aisplageanent| yrm wi | |

subsfaafsal Ty e
response to appl
are less than tH

LI ntar n.ok BeiniURRAHNP
ication of forces

e tuning force. If

opertp-8s I N microns
to the columm that

gdisplagcaqent hat i s

grqalt F gnan th

the columm, the
changi ng t he S(

OT T ig7 3l ant R
greater force can
ring properties to

OTCe PP RTohD

et une t e co
doplrespond to the

e " £ "
greater—force:

process 2400 for tuning one or nore colums of

N T ey 94 11 iy
LU T yurc 23 1 T1T uUsSt

ates—an—exenplary
car bon

nanidicdbadn asiden d Ggmphrseiie aeifodideesldy e plipese of discussion and
i nvent For ease. o |scu55| n and ose f
ilugtyafipn ¢ $‘é‘th| i cap Y pf%é:‘gd AP FOlf‘l‘P‘&ﬁr Eor 4"‘“?18186 fhe data can vary
baséd drikhit FRR ARG nthiks eSS REhn &l cQ¥¥e@$ thelcddRinthg, tBe $APE Bthe columns,
constant (al so known as k-val ue or stlffness) 0
¢tC.col unims 104. As is known, the spring constant of a
S ere[Pthﬁ %‘aﬁﬁ Yé @i%@@ ) eoﬂc'@ eda'taeye@altlngfle\%lsf of ﬁﬁm‘%' ptded values of
by the ance t force 15 displaces the spring
partiquiar rsprrmg Prepastiessis obtainaf ge 2412, wagkingoedlvrg)s ofthe sarne generak: type as
the g%%rlfﬁggﬁ{ gohtl eceglst} tﬁt?e’d 13 ﬁ%éféﬂ%,ﬁ?&ﬁh? tvﬁlggs dtl)f S}Eea S é‘ﬁlg?}ﬁ(&)%ﬁfe? These
coldnarscen E)edbrsrmtla'@@skmg”l’i@cwﬁ ithege cdlhmnpmalt bs ss@4i@Pprodicts (e.g., like
ted to onst

conglc ot 2&% ﬁﬁ} ’Wlno? d1scust§eﬁiew1‘;[)ﬁr’lr%l L g ttog:i%g {Z(Jj n1gg s (Earc? assen?bly 3400,
whlthu mlhge dipeuissed vathopgrett te Figire 334')1 utm svotlddg cdRamhest, carbon nanotubes

cess 00..can b ed to tune other spr
shoBi B8 Seprll BRG P anbel B shs s RERE g ihe SBperiSknigh polup used at
240D ANy WREm Ik tE twbiEisg cHlumAdQdn b ahale BIngtthd GarBEW¥ER &lmilar recipe,
| evel s of tuning forces to values or ranges of val ues

genpiglly BpeaBf SforiEiepsiig *pYBpEPITRY E¥nsHR SbrHPiEdshape as the

expEitherRN 2R, usSHBIOLAH @e 8RR DR 00D1 ai ned
experinentally. A colum (e.g., colum 104) of a

pariRdperding on (hseatisulgr userpidisesigiwiichathp arorkigg Felpmnypig ke he put, a
pa c%ﬁ'r I%nge RRYINRY of v ARGl pd a&ﬁt %@%g%@l%&@d @E@ﬁé THER at 2406,

used to eggerlnental ata rel
the p?&letlmmﬂalactatat Qh‘ualmgi dt éﬁQQecaln@a ebwssutted toaketerromk artunizd fives lovel that is

most cﬁggy a?soc taeld Y&& tfle Val N r Qanges of values of spring constant selected at 2404.
At 2408, the tuning force selected at 2406 can be applied to the working columns, which can
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nore spring properties of that colum type. For

exanple, a first tuning force can be applied to an
we@xsisyeht al col unm (not shown), which can bePCT/Kg82007/081423

colum 104, in a direction that is generally parall el

with a length of the colum 104. After the first
imp rggé @9 (x,gvfa(l)gkriﬁ%colu Jr%lgg o ahgt%%t Xlg éﬁp&%ﬁ?ﬁfy@gg%&%@{&gsired value
ofsdﬁﬁgammistmﬁsvlattadest2304of one or nore spri ng properties.

or_.ex tests can be erfor .
e am e Gt Son e Bt ES 01 Diobrifd 24ng inpppeoss 2100 of
Figatd4tih@hithasbivennr WAGR substiahti 10D ($R&igps | N@n®o Iﬂﬁiealﬂhlng the data in
alid. The leyel of the first tunin for can
Tabfg r?gt’iéed Bl absp dlitoiss ehepenbebeyiponl %Oﬁgnn "84 ater e
col@@Nedsa8tungnd el astic range. Then, a second tuning
force that is greater than the first tuni ng force can
be Nt &8 noFige 26 cpebe Ahefaihe eoluiimh disgiepdt hseein and identified as
an &XGRI gietdf'&gluﬁﬁfmﬁ oCARNR o RRM Iﬁérﬁ%ﬁé&he&é}fﬂgs%cms co%%néléi%m 704,
2008/ 048938 PCT/ US2007/ 081423 the col unm can agai n
140deHddr B4, T4, PWdel3Mf andie 2564 orddbstiard HY (ﬁmir/@reremm\fe Substrates
for EJISIE ;a§b4n%4e Q4 ? 4a§§(9‘011§d4e$%d@ LIDI[/(;I‘Q%O%EC%? YL gg c’?’i?lgilapsglbstrate,
constant” and e as ¢ ran rocess o appa[ yi ng
an Hm:rmemaie esabitrag) y)r lagrgdict suhstratg ahdrcae bt ghd gmmblswlmtratartdl which
t he resul t | ng. spr canst.ant and
confh 40 st BT R bt SR b cRaRi T R 10862 iy rom &
gro&{hr Sdlb@tra(t@nsguaﬁ’tfﬁe a0 cel aafsite fmBNeRthe éﬁb;hﬁt‘ﬂ@ 1H&ﬂiﬁeﬁ]<ﬂe&ﬁh as an
for several tupi forces abl e il lustr
cxa@Rlseds HONEEF lﬁgr ﬁﬁareezsqﬁst S lé? A5 tYeng éﬂﬁgata alP§? or wiring
subdtRitc &7020 kHeMnihB$roddBii@lubtitdiint FLure X8 rﬂdh&fe)’peff@ﬁhd@leon column 104
descri bed in g{ﬁr agraph [0051 ] above. For exanple, a
beforgjog ficr atysancheiingestaisiuec{ Qi a14/08 S0G spormed Aoyne column 104 and
bef&@ loi" Bt ag %htﬁﬁmséjfc&)ﬁﬁﬁ{ V&4 ﬂlHﬁfaﬂQl 15%@1?& Wﬁ i2 bg; gure 25 includes
appl i ed to determ ne the resulting spring constant and
partedl aiswis of pubnigieic d@kshowing ag cplomod Ot npacesbe sgen i Kigere 1, however, a
e t
plur,%ﬁ %%%m#gfﬁi t% }Eﬂﬁ(ﬁeec%agggstatﬁ(ﬂs Sroﬂuglrra]trl:ld% 8F'th89§én@ or Iﬁ&?ﬁ%‘ columns 104
can\tiel cbn béstse d02,candbxtagli poltime damrbeg@madg(suhaﬁtanafoaﬂh,emqnmlly, or in
oS, a final working colum 104 that will be integrated
& |pn?'o a product (e.g., like contactor 2606, which wll
be Nlinseals 2600, W52 andeX@edh Pﬁng'Qg unetr2e @iunpr ode ircedridus states

assenbly 3400, .whi.ch w || usse h res ct o
curfeE gy oA} (LSt YEHEE SHET B T A0 iricdy Tof Qg that is
genbrafly @Erand b @ léngii 6£theRdlubd) & a f@s cBNdseH (vithéh & e ﬁtfﬂﬂhrnltlng
that is confi %ured to nmove or displace in_respanse

examle 31 GoBRCt Gide &Y cadgmp 4@, agel aﬁﬁera 0404 ané e ¥dntfdewe 2% pllustrate
tun @XRREIhdTERE @LpoR@h Y #8a whikgnLROREHBRLA toGRd ﬁ‘é'@qen%l%og\%&@rally ina

found to have a “spring constant of approxi mat el
diregtiemibatris taraliclvg ¢ Fingthad tl@l b1 (a digee o 2006 can b.ﬂ'?cljlr%ld@f column
104dth§tpéaﬁ‘91?d€% Nh %éoﬁs@ Qo aﬁ El?l?e'adforc§' 61' Mgl B! c%flttﬁfs lhe end 104 or 106
appl yi ng anot her tuning force of gr ans e
depéndaez em theadpetifie cedprratioe wf &bluowl L(Hnanllozam cphesmnd to a contact end
(eg c)(;lngtrclgﬁ agtt aldag%blrél i m]a'04 1%@0 i]gu Hrate {]ﬁ]gl}é?l(())% \?\IIO Sgulapgtate 2500
bef@t asbice haabga applidd thGreai e@d @486. otn 1nd1a$ pla@CX508, rﬂov@fveﬂ; b@lurnn 104
maxfé) PES Q'%}y 1%1'& 2 e;a}%gzeo%g 6\{\%1%6%&%‘@ & %tétrepgﬂ.{gsstegﬂhxs allt%]_cg discussed,
or rién@ioBedOlerdif ittudadwitiet ligswlidd the tﬁ@tﬁieﬁgpxewageaenusaﬁﬁd in Figures

el astic ran
19B 22B Alternatlxgely, in initial state 2500, column 104 may have undergone none of the
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data in Table 1 bel ow was obtai ned. 30 WO 2008/ 048938

PCT/ US2007/ 081423 Table 1 Tuni ng Force Spring
w@s#8988 El asti ¢ Range 0.6 grans 0. 17 grans/ nPCF/OR2007/@81423

m crons displacenment 0.7 granms 0.12 grans/ncron

0-10 microns displacenent 0.8 grans 0.10 grans/ m cron

treagn%g pmcggsgﬂ%lustxgllte%p%il@gu%mné 8?%?%9(?%{%%19 agcglgglxga%{lmt fiftion the
treagmantpronessesaHusdraB 1mF1<gnmsl$9Ej-iZ§BJ acemant 1.1 grans 0.07

TRy 4 B 0y W ant B GUPHah SRRl Y PgFoant can be

selebtéﬂ [FoiS eolehn di08 C URRI desiréNshrink| dotsthrt adah & . seBttedh bdgdaonChs end or

for different t pes of co For exanple, the
proghi isce 4h (5P M EQECBHPIh m@cbeg@t%@gﬁdef&t 18 thparticular end
or R&INMS of AR o%luﬁﬁls qb4 teh@rlﬁg boH¥RSt oft 160 SRARSiQbn I Rsired. At 2406
col ums et c. Referrlng again_to Figure 24, once
in peges 480 af Flﬁgrel%v@ﬂ@m@ffowa Rir a\gt Wil iEwattdo gelpiged0hp spring constant
thaﬂqg(ﬁ 1s%ﬁ5b1%&1n§a%l§r @go%ﬁrﬁ%khﬁlscah%e%@{eﬁhﬁ@g ﬁltthl?s%ggmple this can be
ng colums of the sane general type as
accméhﬁdrbmcamsubmgﬂnblechﬁbm whivbdshows Ha»v@pmiamguacmhmg force Fr of
app o§ rﬂ?ﬁgy %fS é E]ﬁ ?‘qoﬁr ege%g%ég(p eé}gﬁ% %)(?;ﬂ(%%gune c]%} H&gﬁﬁ)ﬁ@g}a\% a spring
conptmﬂdlf (LY g(rangm,lcrbn kehincondlaot oang2 6061 5whicwins wi Hisplbeement of the

fecc R Bty Tasot B SRRRe et L Bl Bl iR R rBlsgpyroe end

2506©f501@mﬁe0zs4) The wor ki ng col urms of carbon nanot ubes

ul.d be generaglly simlar to sams ener al
3@%% weﬁlgkfﬁ;;i Nek %‘Pb Shitmsp EB%W JWpe fEe Fr applied to
freeeéﬁ@%b@ Ak kigpivved ki B@teCBhy rﬂ‘FlgﬁMSb eppIRatNUS tAdtuh @ force Fr can
same or a simlar reC|p enerally the sanme or

comgirgp cRipma;| 194 ands pase Fevgiathby ftpimablacaigne B 1o fofm alpng a length of
col®RAPS!, FhidhNGn vE &?é’rélw&l?éndféﬁﬂaymw%?tht& 1R ARk 1O Although
data at 2402. 15 Depending on the i cul ar use or
throg segions & Sahristshewie ome cRiupg 198y mgsrea%e thete ¢sa bgumore ghan three such
u e f [ nt
rengRJ E%ééz Jgﬁé‘% ec}:éﬁl(lfeﬂc“l a(?t %gsgﬁ?ﬁ thr%éﬂ"ré{é?o}ig_fgﬁ Rh! N EIGRRSb2N N some
embodlrnents, there can be one reversibly deformable region 2522 on a column 104. Buckles or

buckling regions in column 104 can be non-limiting examples of reversibly deformable regions
2522. As shown, the tuning force Fr can be applied to free end 2506 in a direction that is
generally parallel to a length of column 104, which in some embodiments can be generally
perpendicular to a surface of substrate 102 to which column 104 is attached. In response,
column 104 can compress in a direction that is generally parallel to the direction of the tuning
force Fr, which can be generally parallel to the length L of the column 104 and generally
perpendicular to the surface of substrate 102 to which column 104 is attached. As can be seen
in Figure 25, the reversibly deformable regions 2522 can be generally perpendicular to the
length L of column 104. Typically, the greater the tuning force Fr the greater the number of
reversibly deformable regions 2522 that form. Each reversibly deformable region 2522 can
have spring properties and can function as an individual spring. A plurality of such reversibly
deformable regions 2522 along the length of column 104 can function like a plurality of springs
in series, and the spring properties of the column 104 can comprise a series sum of the spring

properties of the deformable regions 2522. For example, a spring constant of column 104 can
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t he experinental data obtained at 2402 can be

consulted to determne a tuning force level that is
WOor®B/0¢498% el y associ ated with the val ues or raPQgEESH7/081423

val ues of spring constant selected at 2404. At 2408,

the tuning force selected at 2406 can be applied to

con{.g%% %\Jg%&%g%é)% ilgeggb%hﬁp\égrbstggltt (?fnci%cl§ %f ‘éﬁg d%%%%é]:fqg ?n%%%s 2522. (Asis

knospor 4 segies ams bspting hartstans (aqusihemspnm pibpereq;bl &r "h'bsptrings in series can

S|red val of rin sta sel d . at 4
be QHEGaN 3t SR P R M SRR A pme B B0F (D -+ 14k
whéiélf()s@[i, isahdscZidOin of t%é g coRd it &fa ﬁIEll PHhe w&? al spnﬂﬂ’l&dhbtant k,,a
a col.um 104 on substrate see Figure 1) can N
Secqw@anwtﬁ@ SPHRE eRstan Ky » aéﬁ%émf@gwlﬁbaowng EPyAE kesand an "nth
ab $&thlal SoRbBSt KEX AR R ¥ S\hOeri® subd 6t iRl s1Dé4 h
ﬂ#%%terafhﬁﬁgco unﬁ§104 'S tﬁﬁ@% beﬁn$u104 |n8%?ﬂ%re-rwsaw
witlps spriyg qomstatipf 9Re (IhEanb Hraow: souss &> WapTg K dnte series sum of
the 'sﬁ'ﬁl%tcblflgtﬁl@s 18Sf calllo ¥R ﬁ)rlﬁés ﬁgbﬁgm RQAysi déﬂﬂna@ten@éions 2522
col um nentioned herein, such as columms 504, 704,
alonpA®ih iheGHt SPLEAropenipg of aREAn 1080z beamuylonitip@@samples of a spring

oA BRI RGBSR LG8l o e«

nonZ280dhg esamiie o adast efd)aifalolusubdbr at atachedno |snb$tan:ehﬁ2at Although

substra rodu bstrate an e ..
sho§ 1S FigeBer, B Rt RO RADE G0 2508 e Y ataggy o cach
othdte Assmbaiohed, ebucRlcand/or datiliig kQWnwasn theamsflghitiag examples of

ld$ﬁ¥%Jﬁmﬁh.substrate. Substrate 102 can thus be

WV%ﬂgy e'sthst¥'Pat es identified herein as an exanple
of Aubpliciatis e 25Momeamat 25] the bt fordeeF 168 dosnp¥dsk kHl8mn 104
substrate 1502 or wiring 15 substrat e 1702, .the tuning

and fligplass free| nd 2OPG pa dnifial Eyrssion slistase Be2¢ ovligh pgbo difference

bet&ééntamlagﬂpos@sﬁ 95(5% &rfre@feh@ bs Wlo@ ﬁp&@hwgnsﬁv [Hé(%ﬁlﬁﬁ§f0rce Frand
06 and/or 1806 is forned around colunm 104 an

a p@etmr?eﬂé rof difee @rld 2o upasagpirbentiopfof ¢l typang Jfome Fr. State 2540 shows
- Kl

ool V8 G, QAR A2, BT LR . v

end/SéOé aan bmvsaen mwvgiygp,nséiom 25Kdwheent leaat inppayt &l I]ht: ypring action of

reve{rﬁﬁloggae:;f]o %lg rhl‘llo?ngs; ? ﬁlh %'fjs a%@dgﬂ%eeceann d%ﬁ%g rnoves to the recovery

posiioh St5Aatean laﬂeseﬂindlee@&hc cr@doueﬂy cfasolien t10meshd the distance between

si mul t an I ntial l or in ). .
reco\GR S a5 Gl i B 30t et S DBET i s ation 2544 or
colm@ 10Min 1&8forisB to/@E bR fBEcalres during a t Unl ng pr OCGSS

in which a tuning force FT is applied (e
di rfé)élf%ﬁof fapoy gune&etﬁel}aaf [ayD r|sering eorgta%néq ﬁheolﬂon limiting

exaltnB% %ﬁlmsste@ QLR ErRE b W Llhe (f)?cﬂ)eg%s @lustrated in Table 1
non-limting 25 exanpl e of a contact end) of colum

aboy@4nd andisengsadraipse, dBeonian doresBO applicdite theecopmnn was 0.8 grams. Per
Tab e! !l lﬁﬁ&f atc&um]@- Yig d:atcf %ﬁ%y&%pﬁf% 9%%%(1& . ?0 /Iﬁllcﬂ)g within an
en I n

ied tot ree ener y
elanp r@gt pﬁ@rlﬁ hacronsofpiamcmtntt d hqealtf@m gIOhmm‘ l(t4haan cftmctmnas a spring
104, Fre can _be.an en h
w1th sprm% cons‘r“:tauge(if5 @ g(% egr%msk)mlcron Wilt al% e?as%"c rangt g ‘%r(é e? nﬁl rons of
dlS[ﬂiﬁ:ﬁIIlEllﬁUf fhe @ddlS(l@4A@rloﬂg)& forces less than the tunlng force Fr (e.g., in this
example, less than 0.8 grams) are applied to free end 2506, column 104 can maintain a

generally constant spring constant of 0.10 grams/micron.
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dependi ng on the specific configuration of colum 104

and can correspond to a contact end 30 (e.g., like
w@omsaetosend 1904). Nuneral 2500 illustrates cPCT/OR2000d81423

inan initial state 2500 before a force has been

applied to free end 2506. In initial state 2500,

ho Y v I n

onc R 2aop A B B e R B RS o v force P

thatds beuthgethe tuning fvemett oneeblibe roefrer dnd Qi AgilMmsttanaility column 104 in

i on. the. treatnent SS |Ilustrated
st S0t 3 Vst 5 FRT faub OEFGR 04’0 ROROER gl in a direction
thatglg 8)3};&1861(8)‘05(216 lékc_r@?l Hg)g othe’iggluhhggle)ﬂ QI@JQQ rﬂx&ﬂsﬁbl@fdefdﬂlﬁabl@ Z2edins 2522
4 P 7 14 treat roces
COMPI§sys YVP&?é?an e B SO0 ORB RETGHGL o dh BV g trigllustrated

by WLErRO U4 ini shetd ﬁgooﬁboﬁlr}@rnd?dl 8hlvORiMe BFLEES $8S end 2506 of column 104
illustrated in Fi gures 19B- 22B. eferrln to process

can Qs Bbstritiglly dady o pesitimoAp42 pnddhipsy ‘@Hie%rﬁuhﬁ;}alé@h glpstiet recovery.
ColGRR 108 cars@hfified uB@Jrg& le%'ﬁﬂtla:l- gﬂisﬂcﬂ%@ov@ﬁls('e e‘i*no%@ rshlghgantlally back
constant can be sel ected based on the énd
to ppsitieiudi42h sersspnse teacrpaicd apications aeckawplr@mowats qf@y)vcmbmg force Fw
et i vien C
thatﬁgée%%?ﬂa?ﬁge m@{ fogée 1g da, Ag ﬁlgﬁf;f‘(fngﬂ éé(%oﬁéet gﬂg%ero?h rgtﬁi ldﬁtng force Fr
appgechwsfrm ﬁrd02ﬁ0|6s:an| efantlexﬂ as Atneﬁmiﬁlﬁlng |fnrcpr\mh1e1$ sarP&0fe @h additional
reve&r%lﬁlg r%%f j[%‘ﬂbl% resgbornl Oﬁ‘g fegsrh ? ggfg)_r&a%bﬁ alieglons %éjip a?ong tfle length of column

104amhlfdthaH&ﬂ161hgb Be BPrigy asiBiam. CF@Iﬂe)@ﬁfpleb otteludignviie Cﬂhe héh-limiting

cxamlsisTE TR, GRS S ARSI R T AT gt 1 erams or

appfd%[rﬁzﬂel 1. (D%raﬂl@ cAPRGdoNRE] 04 0 hBved ?j?ﬁgtcﬁnsftafneﬁf @Ugj grams/micron
2506, of columm 104 can tune columm 104 to have a

or approrpptely Ot sms/Bicren Yohigramndaste d#sR ofilcdm wicgens displacement or

app%xﬁﬁétél? OLBNG & d@spﬂa@erﬁ&ft‘ r %@re@éer déoﬁ%@?mtre&ft td %llcatlon of
free end 2506. Then at 2408 of process 2400, th

workingi farges etere Hps dhan the nappiniegifares ganewlle asl shozfeO@ sftes 2560 and

; 4. Referring to Figure 25, state 2520 shows

:E8§§+ﬁ%ﬁﬁ% 4 with tuning force FT applied to 15 free
enda2506. omsarbkaphmoedbebyikstcalulmnﬂﬂm WhicEiaguﬁEuQsEd above, can be

e R0 SR P00 5y 57 N BFREGRE For samie

colR2 0t oarf bﬁm(ﬁdoﬁfe@aa}chlapgh@pmbes i6 @ltuﬂﬁys&ﬁﬂfor whmngfde@ﬂm such as

eneral |y, erper icular to the | ength of
clecgal R o SHETS B QBTG B & aBHSYHrd o O EoainE o some
emboalnkins d0dhe |11ﬂveﬁ‘!1@i«|fnew215h clcb@bBechanlcd) §roBRE %Ima(smlsﬁgéewlumns of
such regions 2522 on a colum 104 or | ess than t

carjoglagpigdbosiae colpmnsc iy nfs s, teit sviteen 260G ﬁ%‘o’é‘Ph‘é?ﬂaéesmr 2602

conEEﬁE@to%ﬁtr&Qes@lﬁg of EM&Jr St NedRhRI BREE TIEGEQNDET 3)2269@ ADUT
a columm 104. Buckles or buckling regions in colum

can flg bean e]@@tr(mgch d¢viigei t4 n]gra@%@ﬁﬂog@@fcaﬁ@m@h@n@ s);604 and a contactor

200 BRI AR A CPRaL Ry R38R AELLITL AR KR Ffpguec. nd

0th¢r§iglgénlmt\a¢dnythpa¢swlrl2é[)2 tod DUk agtm destgola@arcan 0dst DUT 2614 by
n.sQ ener al

generajtnb%tes S C%nlafm[haﬁ arc prgglﬁ (% tzhé gp mggl 1catt10ns gﬁmtelos 2\%%1 %%d contactor

2606 ab wis dD%rBalat2eae beMUT 2614 s poarssier 2602 odrutian EOAuaanesponse

s SRR U Tideres! Bptieto bR SEURAL P2bE i can be
sensed at ones of terminals 2616 of DUT 2614 and provided to the tester 2602 through

contactor 2606 and communications channels 2604.
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force FT, which can be generally parallel to the
length L of the colum 104 and generally
wQeeopessdsEul ar to the surface of substrate 102P€DUSKITOB1423
colum 104 is attached. As can be seen in Figure 25,
the reverS|ny def or mabl e regi ons 2522 can be

?I[eesﬁ%} Oggﬁ%F %8&?%&3 I&Eroﬁlg c%{ﬁﬁ 1 eﬂulnlgl'étlpt l?gs 8 Oére computers

ror ee’ E
or c@n@atee ISysttehms n(]nﬂtteatoro%OBO:an eumpea;ebiuy eldcafloai nmbﬂfa:erzég&oeiectrically
confie paGhe SRR B ReRERh LR TR Fon SRL RS Fhucive

tracbsn dnd/mdula&, o Pt 1Iﬂgconﬁuc@|r l%IadS)l thyoucgﬁ cf‘oblfabtoi;] 36?6 $btfx|eyn the electrlcal
regi ons 2522 al on e length of cq
mte&fa‘fF ?fﬁrﬁg? g Mok 2410 a\rlamusg CLFurglaﬁr. ﬂ&? PP oEHq g correspond
gend@fy 1€ 1254t g nﬁh@&edﬂtblﬁﬁnél’sf 2418 faRl P 1 4LQAhERBhes of probes 2610
conprise a series sumof the spring propertles of the
can gantagt Ry of t@r@gqa(lﬁq%él o gndtherchy n@E%maiquS@re l%gs q, mﬁ@cal connections with
the 6RAIF MM (RhinAObLTE BOF 268 card® (}{Qog&io(ﬁ{ Qﬂl%ggﬁﬁle chuck 2612, which

PCT/ US2007/ 081423 conprise a series sumof the spring
can genvStRAAT 86 b toedigh onds af hermaeisorahabtith qnegpbprob@20 agdithen move

DUIl“ %61 Jf Qtpcmhat Qhes?ﬁ{glngf %e?rﬂﬁ],alg f,26 PO Eﬂcﬂ%oge% %tl & Qltesor&%ﬁlt glttdg &ntact with
enoogh ﬁ)qu@etd estmblah @tﬂzmdlaaicnenwmbnsfhaw @mtltegalgquhpmm 2610 kslgrminals

265, 3Ry bt g AR ] oo
WhlSHD r ¢ang coinprisea af peledtgcat ongdrant doa chandcld S€RIOACNS PE i Bhnected to

WI t ?%go%g(ﬁllg{u%llsf S@St a tghgs?a%honalw{iq? eﬁe%ggfﬁ g.WOt wﬂaﬁ?om tester 2602.
WhEP Ele@tflc4t HMSFRB LIS is - cmﬂw@d td mBXACHRbEs chtaiﬁfélssmu @fd Flébes 2610
of five springs in series each wth a sprl const ant
are gt cojfiect (Wﬂﬁl CHANps Z850.1tBF coEuniRaipns hansls tor |R&{¢n(including
eledtfeal ﬁ?erﬁ@é' 260R and B?o%gs 261 hfca%%é\n& acﬁﬂl%h@rmf %le&n@gl p%@lg IBetween the
of the five springs in series.) Reversibly deformab
test¢reé6(8ngnct5ezmmaéﬂ éal@ of DUT eét. enAd@pmaHg pnm@érrmresm@fmedlary
ng 10
S b 2 D DR Sl M R T 88 Bl b0
2503U3ﬁ614h@1bmdn<mhnmh:@anOEenanmmpmHhinmhmnguﬁaawpkecmeor
morfdﬁr%lcgﬁcf%tor rglde)s Slnﬁl(l)l\éllmt%d grroglu% \ex/a%e{ 8) 3[%8 g6t ?%a‘él?aé\s;cgbﬁeg?artn?ore dies
of atlefay I’(liﬁbﬂn@ulﬁte@ banisordD&ar meedhsmted e aeﬁ}na&e rothet holdmg hievwe one
ot her pentloned buckl es and/ or buck% ng i ons ;
or T TR AT Y ISR oS CE ot PP TR By ARGt type o
cledt@ficaRRSice b dAScHeMCT edi P Eibat@62h7 thisl'bethﬁlHr 8not® of any of the
the tuning force FT can conpress columm 104 and
foregpag| devicey PRaINERY ISKIOBS: ardSi i FPRM. @oWPr@adicH dF senforprise a
semRcdbBuctMth &84 a0 Rehid i fifehe 91?&1& 961 ¥BRBd, ARd itddidad 2616 can be
position 2508 of free end 2506 prior to appllcatlon of
bonfi iadst thatiprey ideoiestricaircognertiops tp@ﬁ‘il trperihododrigeirqutee end
250 f FL t
o5 4% Mﬁgﬁngp @Ir(?b%QtZB %%a%a 0 r%sér gcglr{él\g}g £P§a9 n na‘not%Bér’E Shich can be
vertily elifikd nagotdepratmos. bﬁmstxatnelewmbes A6 I @mr@n@ﬁﬁe tolamns 104,
20 en 06 c e to a recover ihtion 2542 due
cl% eges %o%ilrﬁnspgt?lt %cy g 4 pr%cgessa% slc@bn dieretn ge st co’hqus 504, 704,
140d ef G mbdil4e 2 202ig R8N0 aR2d2204") Tdned odh alsamedud? mduntns 604 aﬂdr any one or

mort G TR R ol Gty obT LU 209, 94 P oreover

coh@hhist @A aRat keMpPERMProbes 2610 can be anchored to contactor 2606 and/or electrically

whi
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recovery position 2542 and the initial position 2508
can represent plastic deformation 2544 of colum 104
WO p0oBO4898se to the tuning force FT. 25 Col ummPQODUS1087/081423
now tuned to have a particular spring constant. In the
non-limting exanple bei ng di scussed, colum 104 is
con %c?elﬂ%% t%%lgﬁvo? Ohll(%ﬁ Slggeé) Q&ﬁ rnee%t f#olﬂf c{o§t28€§ ng%@?%erldescribed
herap picludthgtaoy bheorondra nﬁthwasar@l& shoamin F@mes 1 IIPahIlB dnd 15A-18B.

0. F6515t 2P ot GRERTH B e P2e] PEMPERG S3 g 2086 wit probes

26101 eon@Singf calingi¥ A€ esarioh. nahbebekt@rding ab Lﬂ’diﬁlel%b@cﬁlﬂﬁents of the
functi nas sr|n 30 with ggconst nt of Q.
ry frﬂgi

inveRIgRAn i FAgUST Y Fstp THAED L5 PRRCES A 90 n which
an &Iempﬁirﬁ @bﬁ@&@mm%oﬁl the esmend aZ&Q& cdé alséé%l}a§46006vﬁﬁ§)robes that
| ess than the tuni ng force FT (e.g this exa

compgiss celuaps 408 oy bvgRdar Bleygppicicay pfd9'6$8r7e780 énhaotlgon: rzipto making a

conf@loH AEh6LA Qhecfaﬂn 31} ﬂrtoﬁé E‘arﬁl assgﬁ’Gl?rﬁbd) ¥r £QNSCRR t26(%3\§/1tﬁlgrobes 2610
constant of 0.10 grans/mcron. “34 WO 2008/ 048938

thatROMPUS2GHNG8HIY 2 3 or St%mé@ PPE8S 90 C%B@used teimgkie & corBactor 2606

Wltﬁéljo éstz%?{) a%srﬁ;}{gaciﬁgéﬁl H’ge %érz)glﬁ{}r_s ot app Ofugg e 1|‘:\rNete hat

endASZEIfilﬁvn As Fugulreuéﬂr aolanhnby)f C@lrbmtnnamalbﬁm carstbat cdotaﬁxﬁi) at 2702.

Obtalg e rcg[ulmns 9 £‘R)r2 e 8%??%88 o%?aﬁnél%g ﬁ)rgwg%sll}égﬁo&n cplém%nﬁ Ot o%fc'alnlng the
coldrﬁmgitmm200°antda>ﬁlp61@é growid® she( eol@nns. I EURIFS RRIiNustrates a non-limiting

xR lsg QUL SSBGE A OuLPY T oh BBHEo . BB U DSRBE cp comprise

obtdihihd S61GALE W04 BY subRirEMOZ A¢hidhcasithdtige 2BRth subpRie b€ WRIER!columns
of working force Fw, free end 2506 of colum_ 104 can

104y SLOMBLY Afft P iptepaediate snbswar £q whick SQﬂzmah 04 vigrg transferred and

on \HHQI?ECQ&HI%@M%%AI@!)O&E%%Eﬂlﬁpeﬁecover y. Colum 104 can
continue to undergo substantial elastic recovery

( e Rpferringywegain b $igue 23l thy dohweks abtninpdsitt370A campR)tranpferred to a

e v,
w1rﬁ1§%€l5)s%§%gatt ?Z,‘?‘E i &L a[)i%ﬁa!allgocflaﬁﬂl?ﬂg %}ﬁ%{% Bfgm{n II% AL Solffns on a
ﬁrsif mrmg sEbs ralds Himwtrmmfwd}g @ 20704 can lgsr@aorepllshbdmsmgmly of the transfer
pro%esseg (%%CVIG %CE Elerﬁcm nc 1ng ‘%ﬁt 2 f eerogc?sgeastzlgﬁgtﬁa(f‘a 4 dl Flng%}es %SB and
Figireyensd Dl pigdet a9 ﬁﬁb]&(leﬂ]metgat@m noi-lih@ingrearbply nd@hioh valmas 104 are

tran%%%i @ E%Hb élﬁ{%‘ﬁ%te g&?l hgae @E{%&? é}{l]?ft?gt?_-g?b% X\glﬂﬁl% ga‘lln cg\rllqul)rls% electrically

con§@iil/E fekinin@ls WoO ot S sNEflicel E1BdttiaNg cofdRAR ©rmiihdlb DFOENG an opposite
Table 1, application of a newtum%(p; force to free end

surfg%@n%pleqnlgalw‘glﬁg9%§ 9% Té%fﬁ? 854/ ¢ral N fn@)(obthé%hda&ﬁng substrate

29OQaU(%‘FecﬁR:|aP PRthsl 8d0d LanhBY Bo iR oNkakPRS LA M ecBical c@Biections.)  As
granms/ mcron_ or approximately 0.08 grans/ m cron

showp fithFiguigr?9eddhstive8f4papg be d¢p0@ﬁ§d5>m¢ﬁr@rl@4is2ﬂiﬂ4sg1dwéhﬂ}ﬁ of columns
104o an l%pt?r?g%ﬂt MRb &bXtad: feCd, cfﬁ@s?vedg(ﬁpéé?l%ﬁt g - ‘shown, f]pr example, in

colum 104 can react to application ' '
Flgwe r1R| Ag dfswssglsabphatadlmswe B4 sant ivaurrutdbée, pleviritallyi cogducovcadhesive.
t.es 2560 and 2580
Aft% gszgd68\éf | u[?lrl]l:]nélsg are r%Bouﬁﬁtnlgtzooctoatgct Wi T(dhesw ud#ﬁ%(l: % L §04 can be
curatihi B eaample scallissedS(Ebay ée coad Hydleatlng the adhesive 804, by allowing the
adhesive 804 to be exposed to ambient air for a particular period of time, or any other suitable

manner. As shown in Figure 30, substrate 102 can be peeled away from columns 104, which
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vertically aligned carbon nanotube colums, can be
used in many applications. For exanple, colums 104

W@ 20081068988 ect r omechani cal spring probes in a tBSI/US2007/081423
system for testing devices, such as electronic

devices. Figure 26 illustrates an exenpl ary test
0 di d
can%héécn trrﬂp%(éhc(a r%%l\%\ﬁ%gl fngﬁee%a regnr?reﬂ%lﬁraa%{@sg}ﬁsgf 4 Oéig Wétg fgs%ect to Figure 9.

Theqwerl}u’rg sayod bubsnge 002 SHowaan Bignrefinet abms afterlaéhasn’b B & cured.

2600 n t
socs SRaRef dovsh R rSut FOFetes  DRg ok ihefvg EPEL SR wick o
coh&hrgcltomo MitGis d@ms@ﬁﬁlgw@dﬁnmt le)stfrc(nDbﬂEﬁbrataamZ} to AnﬁlgTsubaﬁzltb 2902 at
hus. be an el ectroni c devi ce.

27 Oé AR at PSSR H@lysmfeb‘&méﬂBE aele& ﬁft%%ﬁﬂg pt engg dR6 oyfgrminals

290R ro@Wn‘i‘z% @bﬁlra‘t@ otat &dn Bdoaeduld i6 hchP@lien 1@F coRHMBImgaBRksive 804
gr ound and test, response and other signals between
wic

¥ i@ dhce polpmp 2 040 dA D@Tsc%idﬂf abOWésWélii respod te drigurestl 94omd 19B,
adhgs§\;le48(ﬂyca§ %&@5‘&& %tsh&g dis&fite ﬁk@%rﬁn tlb‘@ﬁloﬁ‘é ﬁlen&%‘(ﬂ 88 umn 104,

hrough communi cati ons channel s 2604 and cont act or

adhm8q4oca@n@sk ofto celumn i slong b afsupimtiaibn 411 of He lewath ef column

2
10428700 E80 PASTEYUUALE LT ERARAT dps HATAN B G RoG R cpremes
In Féglgﬂ &(I) S"sldlmrve 1364 1@@[1@3 ovicked onlgs: sbért dstammtos:oﬁﬁrﬁﬁ 164 generally as
sho 1 . lggd provided to the tester 2602 through

et gltlc?r 606 and conmuni cations channel s 2604. 35 WD

2008414 808 8dIRET ¢AUSRAOTN4A8 1tRdhals D994 &Y shdG2n Eire 29, pits (c.g., like

c rise ele tro [ ontr ol I pment . such .as o
Pitspgf2 1 r%atﬁselr @&3196% &F f@g}%ﬂéﬂwm&?f#ﬂaaﬂflwg Sefoeete 2302, and
colmMEPI04SRn B3 28h&6d fd Gaing AbaFAATR2280% pidd @6t EHokal.| Yor example,
conductive spring probes 2610, and el ectrica

ad E%Yﬁw%Qf‘t iy drpasicd én g piis| (et Shpw): [agd cerial ot 9fieelumns 104 can be

inscrfe@ GRS thR rﬂ)ﬂé ot yﬂo@ﬁl) omh@idhbﬁvecmtdaﬁ hf?:ﬁ b 8RB ahEBGRe 102 can be
contactor 2606 between the electrical 5 interface 2608

peclgAdwah&opreolyams 264 as digcupsgg @baveand nunber of the probes

26
200 SeSERLESERA e RENESElY: Lo AL 30 DM i
can 28d&atichncapantagtlisordy t@@fﬂSfﬁ:emg] qohinsns 264 6o andlgtshbstetw2902 using
o R BT BT S AU BRSO e, i
subafateazsmwﬁ Fiduees Aekcar GHLR, cfiabtivehy becr&plamalv\eltlDuﬁn%ﬁsmstta& 1102 of
Fi al | neﬁ&?f termnals 2616 with ones of probes 2610
lg‘éfﬁ%i e 10 DUT 2614 such that the aligned

t erAy iahipladp Meeraiflie PIREMIZTD o IFeudd OTGHE bE méppaced by actions in
contact with enough force to establish electri

al
Whlélb AolaEns SR ersegre ﬁnmém&wl?jﬁéfa %P%b&r szwl%\rpelumns 104 can be

oroWR o1 Wigihg su@if: 200 tigtnatdnmeedysiRlad RaP8bd1LRRs 1604 are grown on
contactor 2606 can be noved. Electrical interface

wirpg ggbstiatsi ISR2 dahiggesppisBanr eolowny | ¢hfan; bt grovaes wipng substrate
2908 RARY @e}uﬁe %rgsg‘fllﬂ&mybag GIORAE SR owﬁ %W&§%%kt%i17oz in Figures

channe "ch can conprise electri
17Aab8B.f r dior tceghide, RE0R. subSiragh |29@2 @l écgurdsc2i-34 marertlﬁac@fectwely be

replace%swfths ygr%%nse trea% t1?()2 ot a%lt?rlesc %% qu of %ﬂnel %é%gtgﬁ7ﬁ% of Figures

are in con (hinal's
17A: mﬁruns ctilll kooiker cRanplelysaltematitaot2702 2608704 indiglde AP columns 104

can gt L ﬁ {%/%nga?té({hgg ?q, szgrg]l% sﬁ'ggrﬁgr%‘@?\?@%%} ng] SIB(’V%Vlh %legure 31.

In this case, 2704 of Figure 27 need not be performed.
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tester 2602 and termnals 2616 of DUT 2614.

Additionally, one or nore internediary substrates
W@ pB/044988\n) can be di sposed between probes 26HOI/HI2H07/081423

contactor 2606. 20 DUT 2614 can be one or nore dies of

an unsi ngul ated sem conductor wafer, one or nore

se ro.di S| t fr fer

%e%ugggg 9 éi)ls%uses?on ofqygc%rl{%?sefgm fq:”%l? % ag r2r7é)l§ac%ru%g1%dl 04 can be

treasadng alhlaheadorsamnmmwmupértmass aficelamas $Q¥bsEmi ex:rmlae callhisgatedin Figure

20, 81)12[%({'[ egﬁﬁ gé(ﬂ meltge%tegggee%,r Q%E‘éug} ?%%%aaagtﬂ 18? etching or sputter
lbﬁg’arl’—dﬁcrezﬂ@ dmawem%er prbt)tmﬁng)fromeddﬁthb{] amsgwdev iAB€ean0ther exarnple
in Figure 26 can thu e one or nor
ele%@calalw%?ﬁwwel%ﬂ%l&ﬁ%as ﬁ@swk/?rb 4.6 G AR OB gmbedded
withhg chBmB QBN as SenSRANY GRAVFHEL QU dHcBss6R A8 Wthi 18§e& to Figure 21. As
sem conductor _nmaterial into which an electric circuit
disqugsefl ritben- ahe dforegpiae t @ nfhanes the16cctas! pondusginy Phgeplumns 104,

Optwﬂgltly QBRﬂﬂnQQO@ Icﬁpﬂcr ér%% vﬁﬁp&erﬁﬁdeqa %a&eoa Ao\l ﬁ&ﬂbﬁ R the hollow
el ectric circuit. AS mentioned, probes 2610 can

porigamPpiBsd cobinuRd4 showa it Bigursa 234 nd 2Bwhid: e digHow@ortion can be
C . 4 I

ﬁ”ew%h Al ANV (TP iR Fes 224 500 228

Whlcan bammh'smwlmde adxiitlmgermngcephmmaﬁ esdnétiyig oherlanms 104.

04, 704, 1404, 160 1804, .2204 304
o s 7 G onang R B Poh ARty iR fmocadea
on «melt}ﬁﬁ colomne 104 (etgj eont dneladr suh 8 1rehis duial lo@orh ﬁ‘zﬁ@hﬂbe{ &nddor,between
showp in an ures 19A-22B). Moreove
indiggineooponp ke féla SpASEE 6 HY) USRS BT s deposition or
chefn@al aaé itidR QP a ARk 0 e cBhil ﬁé hd Eabklaly d&6usd above with respect to
2008/ PCT/ US2007/ 081423 connected to a term nal

Figye 24t I"T@F PéqS@E?F ©of eendughiverfagieriadon Op fbeddsd Whmecalymapnp4 (c.g., on

andfm RRShd qﬁ(ﬁ%ﬁh?ﬁ quboh q{aﬁétﬂbés na(flh}‘ég HB & a8 Yn dP1 8u P rcat%@ﬁ %aﬁgtubes that
t he exanples shown in Figures 11A, 11B, and 15A-1

conmogﬁﬁ eolpmm 104) isindigated bﬁﬁleeiﬁémha@ng/ OMQ@SSSI 02 mﬁlgelfe 3 1. This can
hllﬁglsq@?&&g gh%g g(ﬁul‘%ltlm E[{o%qﬁ Flége]‘pl C&%ﬁéﬁﬁ&ghown contact
ums of “car bon nanot ubes accord
ende dﬁ% pfrevltrenof 04 e Figbre v et honr prandian gmcelseszl&e:%ﬂructures 1912
ﬂmw%h$ﬁfﬂ%5% an exenplary inplenmentation of process 2700
FCh “an exenpl ary contactor 2606 in the formof a
pr dagerfing shaasoendleys 34900f Righte 27t ﬁ)dmeﬁs tdnate taleamp2108Qo anchor the

1colu s 104 c an be %Eﬂ hbvert rocess 2700 %?

colfis 17 T, €40 EPYRRT o 2O CAL PO SBSE T o Pl s to

the &rRiraRe GRS FirdgSabiiae 44008.0A @nCARtaAL tomME E&&hwhhn Figure 32,
probes 2610 . that conprise columms_ 104. For _exa

whigh shoves ancharing siuoguey & Povisas @ fompd %%ﬂn@e@@“ﬂtwm and

aroMdt b LRERPRR. %Qx%ﬁﬂ@ré&h%g%tﬁ@ﬁnésyﬂ@? o bEakynmg c@fl be made
car bon nanot ubes. As shown in quure . colums of

likeg amqb@ﬁngn strstwigre 5000aR Higurebl &) sed 16B. 2ywhoring¥tugiupgsni02 can be
elec@t@éaﬁ (ﬁltbtlge7% ga‘rfllntgﬁsogf%théa%?roé%ﬁécp'cﬁ]%nﬂe[n%g' g%géﬁ%wal connection
gro can

ums, or obtainin col ums at
betwesmp rcpkslemg il Mwmrgtetﬂmaale QPQmmwnﬁlggsub@ra%ZﬂOlZl ddternatiedy,anchoring

strugt%PeSSIZ% ea hkeexat% Oll‘l% %{ruc 71‘%%11 3! g( ures f%i anlaq%% which as
showhtlﬁlF[gul’ﬂg l&‘blanldtml 8B 1@4 aonn@u hséle«aﬁ&llgz&zndumhve: ha@ame pelike traces

180‘7 mF ru?evswllgA Hﬁ%ﬁ?tor? w(ljr?ng\/\g?l strateC%OlimllﬂSor example, if, as discussed above,

columns 104 are disposed in pits (e.g., like pits 1705 in Figures 17A and 17B) that are spaced

away from terminals 2904 (e.g., like pits 1705 are spaced away from terminals 1704 in Figures
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104 were grown or can be an internedi ate substrate to
whi ch colums 104 were transferred and on which
W@ 00810¥8938.04 are transported or shipped. ReferPCn{sS2007/081423
again to Figure 27, the colums obtained at 2702 can
be transferred to a wring substrate at 2704 (which
17AC %Hd H%ES ?u%ﬂ t{acgg tcln{]%legﬁg Qi? ?19 cct? NG tcturesC %bb&mgnd thus
W ring ra ransterring
00112171&41 0d-ano kemaals @AY oxshedlgusbsmgtea?ﬁpz of the transfer

sses descri bed h [ .ncl |n the transfer
Or QRIQBRE PR 1R PRaEpss 100 ¢ a7 O OB RPHS Rty lugpegtics of the
coltaﬂ(i cén bEh@Ud 82720, Hﬂﬂh)ﬁﬁipl'el J)IN:Sdrrrraire spin@@ogettids bf &gumns 104 can
e in which cglunns transferred from

be %la {1 agcerdppes pgh 4 wﬂm%teg%@feé dtlestssgoin g %Wuasaﬁ above with

resOMBIFig@e£bLGRd DS AIFLY cxaapNIWEEd ¥Ra t@itHzNASu2ARMe GBrce levels to
one surface, electrically conductive termnals 2506 on
partigylag Spring RrePPBessi¢ phigiacd im0 e Etgurecd fop selane Blggcolumns 104, a

tum(lg fBrce thdt %ﬁ%ﬂ%gﬁi/o‘ﬂé 0\“1@(%% d@élrcd 19% (gkﬁfég ho W luh® 104 can be
substrate 90 El ectrical pat 5 can

detamoinet jah 240 escarh sscofcbhbot rw@aresmﬁwesugu@_r% pndighe selocted
o DOUR PB4 €3S R SR, BB LRS00 10

to itmpati¢grhtheicotuonns A alot desirtchspiring pacivesisyv €708 Bxlang:édf] e aﬂisicyssed above

witlggengleg'fo t‘()@d%uéegsﬁfa)l(@ggl Cé)g},rlmg elOgic%StEech%egi: to @S Ra,rtécg?alr Spring constant
valeo(d v Gplive caghasialg: thaOis Avithed a&i@@iﬁedh@@geoéf peihgl mﬁsta,’hwalues) by

re brought into. cont ct w th ad 804, eS|ve
app ac%eﬁtwg'ga F OgATCe o © EQUH RIS @5% ki Eolgins ﬂd;
curped thn% garté dgh bhepAdaasicieh 80dmnby4ahdiomuag,. t lzmemanvely, as
adhesive 804 to he exposed to anmbient air for a
Showar i ckipwe gérivguchofillpstigees @r ngpnlimgfinge rexaypleggpeording to  some
emﬁ&ﬂ%@s—ﬁée&%%ldnar GiryE @3(5?400f aﬂ'ﬂ%@@@ﬁ Banl B2 &ld Q%mst contact
peel ed away from col ums 104, which 37 WD 2%08/
endp IS 20dMIe 8 P4 >3th fbaﬁelmedat@@mmfp@ Redviyeneanaipply th¢tuning force
Fr @ﬁt&@&%lm;&ﬁﬁtﬁa 919?)%?%? o?ﬁg@cl‘(}ﬁﬁl? all ?g%?&ﬁaﬁ 911) of columns

|ng awa stra

104F| IgwldémE@ te amlr@ozpung afdperticadh e@hmes 8@44 uss oCthe gdhte ASOZ shown in
usse Q respect, t s 19A an
Flgurahescan als) lg?anarlze Kol a? endgo urms ﬁbép %or cxample, after

appli¢aaios o€ tuninggforo IEurm@laﬂeO}BOfZI amestarl ﬂameoﬂ&&rtm MM rdan@e located

strate 2902 at 2704 in Figure 27 can. result not
cenG T P T s TSR S PR 56 sf J0% et o
t enmf@ahgs a@0b Hbcdsh RT0WDofSHIBSE RAL Be 29 bﬂ)ﬁtre&@ﬁatﬁﬂ)esébmbmed at
result in each colum 104 conprisin esi ve

271 givefeRnsi HtBOTE Hempodirio fon C%acaqrs?éﬂés&gua@o%‘b éh%fst‘hnon limiting

exaﬁ@%pﬁc&lhﬁ:ﬁ’ vt s@5trd2A08nds %&gbme@%ﬁsénvﬁltéﬂée QR W CH02 and
i a short distance into colum 4 al ong the | ength

elec@qica @lt@fﬁ?ﬁnfqﬂfs 3498 rfe sfovre %Mb%&ﬂfdvﬁsﬁﬁ?{nﬁlﬁﬁé & ovhigh cq_tglpe a non-
limif b offineS URERR LoB6 oY 1R fest O stb1© 606 M9 tHk 2L 26014

H‘n:l.%g%gmﬁIL %ro aﬁ’égg]i az/cg)qnggJS Vo\lly 1‘% 5 SifygtganCégsl nthguc%Fg l'éngl]lown n
Figtro B4t hettrfacs sobstuaee i i2heanf mnagxsq: rgbaxd oewdsr sulistrafei yurctere with
elec:t%r(i)cial il Qr ascleV Ot4 clo%m%bn(i) 1ons cka%tq 1S %2’54 2‘5 Shlglrgﬁred%@t I $nterface

T Tt e general | ovn i B

subRaﬂtdeOthamnompHmr»anﬁg) erm& gl(bﬂectrﬁ:atlﬁ bcmdluetln&: 20 and®r vias on or
in tlslcb ?n\lc\g]rfalcg sElgs ateeS4%8) th?ougﬁ H(iterfgce suLstra?e 3402 to eclectrical interconnectors
3406. Interface substrate 3402 can be, for example, a printed circuit board or other type of

wiring board.
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pits 1705 in Figures 17A and 17B) can be forned or

provided in wiring substrate 2902, and 15 colums 104
W@ 208l0¢s938lhered to wiring substrate 2902 i n t heCpUS207/081423

(not shown). For exanple, adhesive 804 can be

deposited in the pits (not shown), and ends 106 of

Co']ﬁgnf?’ca}rg"fer&gﬁweagrs §4@§ B%% 3[ nte(fectkt)thc%l @bﬁn%ctg& hat can clectrically

conﬁswbatnleataf whhgcahl2bend pereiu@d:ls a0y of r wiringosubstinge 1942.asIn some
dISCU a lary alternative to th o

ety BB FiereuiRed SERLE b2t KiiphRat "y timiting

exa@ples af élect’tﬁ&ﬂ ic@leytoBsedd06 Gretip lclcstieal biyest fl@d‘iﬁéaﬂ?l&rcbﬁlﬁlctlve springs,
col yms 1 4 to r.ing substrate 2902 u5|ng%

andeﬁ%{bjﬁil eVl QLS GTRMBlES (98 It ONRFERTP 0@1 Ckvﬁa ¢ ectﬂcaﬂy

condddBve F&4s, gaqﬁ)nmg@rplf'ﬁl’ EddhmSdshsiufeat € 2902 in Figures
28-34 can thus effectlvely be replaced with wirin

subst mgrRosqr(@z.- dike iptprgasce 430 hoypdn Fregres A3Aeipd rﬂﬁBgrSyyet another

non%ﬁnﬁﬁ@aéxaﬁﬁﬁbe 8f %cﬁ’ﬂgl %thr%oﬁl{ec%ksg @ﬁ% 27A‘ﬁaﬂ1té?ﬁoser can, in some
repl aced by actions in col uims 104 are grown

embpdingints, GOMBliNSsE Matins @smate Féog é%&lmﬂ Bigurse HaArend ¥38) dhat can be
dlsg%g"ed k% o 119terf¥@e sh at%%?% 61%{ %nrﬁl%osabétﬁtet @%2 S %nﬁrspsret of clectrically
ar way as co own on Wwr
conéuuiust satng cbﬁ(aﬁts i(ag. FllgaJI(IéISexlﬁlAulgﬁ“Bw,rn ome add Qﬁ#ﬁ@z h@ngua:ﬂ 43A and
e _grown on W r.in substrat 9
43é§ic%119?>§?ndv\fg%/m§ge 1 tgﬁ)arvﬁ% MRgS gtrra% gno(t) MW&E W rnnﬁ 93(352 and a second
sct sfibisétriedlle cbAdtive sprimgusodsicts (€A, 1RB.10Fektcakiaglot, the other side of

i.ring s tr 2902 i es 28-34 can thus )
430851 Eigtties 5% '&@5 PR sftsf@egmaﬁteﬁmﬁpmﬁ avl%%@%t&fﬁ‘ew fegppanals 2906
on Qiridg Gibs@se LB 16BhcOfirsisétl GXJcISeRE I atRddARE sPhind-icOMEES can be
17A-18B. As still anot her exegglary alternative to

clecprrally gpneoted fe-g-nbyr iy 18 Brgure ddB L raugh ol infegppsgrgwiring substrate to
the Q&B@d oedr @éctl‘?c%gg c@idb@t%%grlﬁé)cdi\ﬂtarc{sng substrate 2902,
for exanple, as’ shown in Figure 31. In this case,
2704irpe Ribglizte 2902newlbichotog@berpitho tareenals3g 9D and’ probes 2610
[ foni
conﬁ)glgﬁ %éﬁ%ﬁﬁo?gcjraggésgg%%é%%g hﬁﬁ? E%l e()n 23;&1 ﬁe at%%eél to the interface
subgiwilta) A2 M)zbra:cacts 3d08.r eéalteen:htlivdyewhmgcslbsme @P0hware be attached to
1ntepf£w subatgagg’ 3%%2 %Xonrms e]argsﬁ' i "y ?g&lﬁ)ut gfém? ?ignlt lcrgvc’vg rt?otltgdclamps
and&ir cthedtygwﬁf fMenbM e sudrtid Mﬂoddﬁﬂetﬁ oMrinpgsubstras2ei0R @ in be attached to
tching-to c e struct ne 48@12 protr d|n from
anofigh FOBRONSRE! HObY CHASH SRl L e e e (elgghoym) or an

attaClEAGhY firhong e BRvEHi dhadrob@ar® @sse@PYSIANE G ARck@. 18-or nin{cB8n or on a
outside of) and/or enbedded w thin colums 104 as

test foHen (moy s 1%8%%@&%@%@@5&9@ Hropply edfbean qognprise a

plufai hg'LHf %rc%l‘ e likdl ;pﬁﬁ)!é 8RB A0OMR thd RRitfoR 0B RENG AT one or more of
enhance the el ectrical conductivity of colums 104.

the pbicdisady (¢.g.clofupiole el SHR) Isen §e dvdepaudeniiordjnsiahie. t df clectrical
1nteC oFﬁeﬁﬁ)l‘b %4b@ Vgh@ (Hegdb‘?é’] Féléclﬁ?cai ngt%%g!n{egﬁ%s 5 E% @%gmoglectrlcal

own I n ures
conhﬁzﬁtibmepmmlvonng afl Zbagldlﬁnﬁnalld 2&@6wivmhasampcsitleutor pnaitétyon of probe
t|v |aI nterial
hea&?g j E mylfiple ap1r8 62%513( 51 lg if %rﬁf:)e Card ass rnbl g#&(\% % S rnurftlplle Igrobe heads
&Hﬂﬁﬂhmmﬁaianmmm&évhmem@baamnn@ﬁkemmmﬂue&MM|ty of
Co'Ausnr?lgntljégéld probe card assembly 3400 can be an example of contactor 2606 and can
thus be used as contactor 2606 in test system 2600. Probes 2610 of probe card assembly 3400

can make pressure based electrical connections with terminals 216 of DUT 2614 as, for
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Figure 31 illustrate a non-limting exanple in which

conductive material is enbedded on or within col ums
waQms489s8 , on and/ or around i ndividual carbonPCT/US2007/081423

nanot ubes and/ or between i ndividual carbon nanot ubes

that conpose a colums 104) using atomc | ayer
exalg\‘?%ioﬁ‘lél%f(? Zﬁ ov:lég é)ﬁ%s 'Pte%%lma ﬁ%% CPC[I(? g%nzziscé %S oef \B‘r(%bﬁs 2610 (e.g.,
colunas®d in Fl(gureBMgure 21 The presence of conduct ive

mat er.i al n o ' |ncolu

o e R i o SReeR LAt ) Gy Pihacions are
postI%V\/(Feﬂe:daﬁ@le\/ hoadtioned KoRe,NAAAE bikt8Gatt N802 in ARSI Adand 11B can

s indicated. by the dark shadi ng of
be selg%tﬁvm% %OIOWIP% SRS ERfE 85%21111 RIS %ée@ kr@erwa?%ﬂ@vacfsﬂumns 104
canq%ng{)azhloyl Wirk@ s@%tmﬂzsmélraﬁiapmnl il Qéifsﬁ:rt@é— froﬁi fsm’at% 102 to
contact 20 ends 1904 of col ums

sh

erng gwl?sgatg 290anThusy for sraenied’Ag aad 2 Ut inmeascssi 21280 of Flgure 27 can be

repl%éerd%Hyffc§§ns](% Wlﬁ QMYHth l@ (Q{Jtreﬁmggs 2&% & V&lhﬂ? mﬂﬂﬁ‘é‘[@ 2902. For
process 27 gure 27, actions can aken at

exammstht: OTORPRS hldnstr@ﬂaé in li:lelluasni@ 6B cmebamsed ngr:o,\m lgglumas &04. Thus, in

[ o)

som% %b?r)lg]hsn?et%{s Q\Pﬁneg ?ﬂst%ﬁ% g?éﬁeg]f Igrtgheg «l:e%g Ege&% u%sot%rdggg&rf 34 can be

replzﬂdd&lﬂﬁwvmmlg-shbsmatel 11592 Mtamplumnisé6@4'10m/plapmoﬂfaogum 132 ,in Pgure 34)

os P E TR B REP LA %o Lot K5 TR Bese O i fures 174-

1815’1&141 bel'_c@é% &;X@rmalceluna;gqu:r EE@ $i ot m@ﬁirﬁ&&z wergd ®strate 2902 in
., an e i ke anch tructur

Pm]i’en C%ffigadfeé@ﬁsi %ﬂ\g%ﬁ 188 SAfeRE ’ﬁ’@ Ged Vi v Ee 2y ra@aﬂéi 02 with

colidgns 18bLGh piacabt 6 1HRRAYE i Meurdnd) &3Rok A SFieleeITA il 198,
connect, or enhance an el ectrical connection between

colltipgsss 108 efnfdizwre 2 in sremploysondn ang Fiapy vaiiRsiops aicepossible. For
exal%%g in ?ﬁhﬁf@,ﬁ ﬁa&e}@layy vAREBY d1Rgd er?tfo'h&? L &8erI070L2R04, 2708,
anchoring structures 1 show’in Figures 18A
27lam31df98 8712m|né>h changed h]cﬁmleuembpﬂlgwn@ Terexample18B,0 aeahe performed
cal.l r
befcfrggzgagt27 Y88 @&/I&f‘éflglkg %}sg}sﬁotggkqgrﬁgfeig 5 c(@)l%ﬁgférr?oﬁ%ed bithE®706. As
yet gndtlstr exenepl@ 202 cdade pevfamwkié)efoiref 270és27<§)i85a11d$$ édltabove,
iC(rZ:I rmﬁorbéegcdéicgtﬁ% dfaly %%E? sl%%want {:1)1 12‘1 ré gg%% ’thu% one ex%glprc'e o]f a contactor
2606 GESemFﬁ]@iré; 2@9 (ontatoy 2604 tdnetalpd (ttBer]ﬂﬁﬁs aroe esqaﬂpie,cboamyr 2606 can
fromtermnals 1704 in Fiqures $08/04893§ .
COmBERY {ESTE'F BN COPERIOL S PRyl S’ﬁanil GERQBIagIgH 2606 can consist

esscRkigIG) IoF Gaikihy soBIMARC OGN C NRRF |e|51@rn§1%r dféru Ecﬂﬁmﬁs’ZQ@ft af¢ tuned and/or
thus, colums _104-to term nals 2904 on
planggiset ¢saavD o bigure e M g RYEI O G3P € ég%ta@efro%ﬁoéf For example,
termiih Y 280Rdan NG PicaBIt& 12 PR bMWinPFieRE 6l &)1 Qflurhf€104 can be probes
colutms can be tuned at 2710. For exanple, one or nore
2619pMang ofhebyreiationsgrgitosgbleurms 104 can 5 be tuned in
REE ot Nk S Bghchf 6P BL AN iéok ULl 9% Jdla] 1
ang&%%gCusgeJIh%overﬁ#?% ?é% ect to Figures 24 and %? possible
advﬁaageexdnmlmnso hee od atealqabj' ardlgmgi vaEbdIo mantlmhws rg Iﬁrobetse2610 over
conv%n lﬁﬂ%fm%es PaL Erlreggl ah or 08)&105I ul%ﬁ%)gﬁlrvtﬁlev?e%vo uﬁg@lg%ﬁbﬁ? ate 2606 with
colunuisi 119g af plrobes doldatpavtial perspepavet viowm ef DU @ wdidgerraehls 2516 (which
canSB%r Ifor}gexgrrngfg:e‘t’)érlldegadts)o 1 l%lcrléltgy%xa]fgp es oafn sucl? advantages. For example, as
shown, contact ends 1904 (which as mentioned above can correspond to end 106 or end 108 of

columns 104) of columns 104 (which compose probes 2610) can be disposed in a pattern that
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determ ned at 2406 as generally discussed above with

respect to Figure 24, and the selected 10 tuning force
w@2008104893ppl i ed (e.g., as in 2408 of Figure 24RpCT/0S2007/081423

contact ends 1904 of columms 104 to inpart to the

col ums 104 the desired spring properties. For

, [ S ct Fi

corr%%o%gﬁg dt%fé),%%g%lozr%ﬁ% O%S%%E%XS 519 hlnrglg'ﬁ??ﬁl Agl(%ch 39Y%8For 3514 of
ternpaals izam aun bp rdefigedcons tdésrince vwme@o@dmg ao pie ragd/or 3514) between

cons: uet S W|th| si,r ed
conG AT sah Brtife I3l sl o) M i ong MCpan 053504 of columns
104tcan singlaflpbe &eﬁr@dfahe dﬁ&ﬁt@(@:brr@@dlﬁdlﬂg%éBSOi aldie 36041)lh76ﬂ$een centers
forcecnbe applied to each colu

104. 15 Th
of cppecs s Vo bl Pﬁbac%m FobARY | e%SyalsoaﬁwwgﬁamLﬁr% Fi @upléch 3302 of

col&%rs\/\tmcéhnl del :ng) Fx@thSly q0@Ncelgl, M/ kHiM Gn @¥SIPRILE REEMCE ohGhargin of
to some i ment s-a general l'y planar surface 3304

erropfto g Pﬁplatzélésf@‘?mé&ﬂs BYopressed agai nst contact ends
1QQﬂ s&fle &ﬁi)défm&lts‘l- %chVUoile{ he e IHﬁ)QIE g t éHPﬁﬂF&s f‘thEEl@ AR Torrn etc.)
whi can apply the tuning force Si nul't aneousl’y t
Subﬁi@mtaﬁﬁ tonbnghnerp4long aavsticat akis 3429 |th@<t lisuetiongedadlonge length of the
coh{n?ﬂS ?Oﬁf ﬂﬂar slp%llie)to :%%ntgér%::vx:fi{g;a? toegrglng?% 16, ! \9111 ggén rg{i]uc# 9 f%rce on contact
endpll %(I4€h83@12bs gfmmllly maraﬁ«tlgmﬂleveﬁ&abam #H28 gwpichnar bez@neﬂaléy parallel

act, en ql ums 1
Wlﬂégkbﬁ eg%%lf gg C8$1H{n€|n %rSS%w oglnbeIn Iy é/ergiéngzaﬂs gﬁ% - &qn also be
generathg pdPédlicafar eothel @ﬂgﬁac& ofwiag stigtrheat®fomgeidr @linynsi 104 extend,
e that.K corre

Wh@a Falrn??@i) 35%63& el?eéwﬁwﬁlaa@&}?gﬂtf %Pfg%@';f 525?‘?%‘%@ terminals 2516

are Eisﬁé’s%@ R éstichINRisd4n0 Reh SIHOBE EeeRillS Paralel 16 arddicnRsh cﬁrta fort® against
wi th one or npre conponents to form contacto

con@sb@d 1904 of & Pobe SRENATIANGBAD | PRREt bishveca tienpple 76 O\mﬁ @fferminal

251W BehBsSHBSLLAL 67 &)%ngt drlls q%ﬁoﬂ @@&ta‘ﬁ’u&lﬂl Sy hlgﬁée{/efré&a? ax1s 3420, a
substrate 3402 and electrical interconnectors 34

pitchgped 2ndinr @b efaqothnzsd@frisanybegdgaficapily emalba(prb@h@r)ﬁMProbes (not
RuEy! | r t
shogh T bR G BRATR L rBinohodSe LA Lorhlls Rre NS dfhats 2516) of o
DUT nE gr, flee DT RS $)aineludesoL s@mﬁnw rmemipgEena ﬂbloasr uiotoaioug Vretical axis
342?qultgme%a1§stgtra}l{0t urpi n\é\fh‘[ noglt I %Vé:%l%%lgoefgla Icegngfpl%rb% & 1g§%r§endlcular
to vefticalr :-ac 8420s¢Hnsdat gt @nBdORortans ohp ﬁdjsanwpfolbagto?mas?e toward each
., .electrically conductive traces and/or v on
oy & g s forwte et %C%%W& ¥ S i i fRngount of
moveriet bAtR dAle pdatieisastt ddiealkt prdSKe@ rt@@ﬁﬂ@@&dar&her36@6rw15e contact
Interface substrate 3402 can_be,

portins itf i apiit guiples wealtddcoaléa%?%érot@eype‘noﬂpmevﬁmhqelgn%léﬂa@dmwh 3502
and/P 3¥6x 200284048338 (EQéﬂfbg‘gQWe!n%Bﬂlﬁ%&ls &haktdche@dd for columns 104

i nterconnectors 3406 can be an el ectrical connectors
showhde Fegyre 85.exhieh @@Pmyth@towhémts eshowh iniFigungy3 B4ap eyt a DUT

25 lg%{ﬂ J@ﬂlﬁalgg% \Qlfth ?"{p{t&lf]gj lél‘ﬁkﬁgﬂof H e a?s%%ll é!z‘rlgtég%g)ggé t\B/gnty microns.

i nents, el ect I nt erconnectors ‘ ‘
In Sbhlemhtbbém@ntscm et 2092, antlon 35¢4meft lessgthareteantyl mera@k can be achieved

el.ect r connect o § 3406 include electrical wres,
forc lurn srI ca ?wn in Fi ure

y con |ve springs, 5 and sol der. (lher

n 0 msl wmueldmusemammh@s dethil beibervatimegettas §FigsdO8!, colamud 804 can be
attaalle%% Eérr%%lla sy25 16 of DUT 2514 rather than to contactor 2606. In such a case, probes
2610 on contactor 2606 (or probe card assembly 3400) can be replaced with flat terminals

configured to contact columns 104 extending from terminals 2516. Otherwise, test system 2600
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conductive posts, balls, pogo-pins, and bump
structures. An interposer (e.g., like interposer 4300
WG hw48988 Fi gures 43A and 43B) is yet another PCT/US2007/081423
non-limting exanple of electrical interconnectors
3406. An interposer can, in some enbodinents,

ot SRPEL 35 LB 10 B 08 LR B

gensnabﬁtheaame gAbawanod asciied. substrat e 2902 A first set

| ec al | conductive s ta . g.

1 860 Ui woRrreinonee SP U BRE R TR g pUT 26019
in a485‘é\syaéﬂﬁln 1iks3633t s@]ﬁ&n%ﬂ@ﬂldF ibieIm6! A8 shew e tpEigee 3’64 d’rlerd)g more DUTSs
ub?tr e é?ot hown) to wiri n 3412, and 6§
can P Plaged i} ﬁ% o6 AT PES SprPHP U bt dean F%plgced on stage
261Riok @esﬂ-@@teﬁ%ﬁ@)ﬂd}lf ukd 96N RErN8hIn3b PR et 366(3@?F11gﬁre 36, ones of

ures 43A and 43B) can extend fromthe interpose
prows%ph@ (veltipfs ps dipcassed ab@ierim §PEP g ealurms dA4 i shopg in Figures 34 and
35) %H(péllers 3F RrrAmaR 25 & it 81860 b@fbr(ﬁllgﬁtclllfd c%ﬁ‘ﬂal:tyat 3604. For example,

conductive spring contacts can electrically
stage Yo carelk 1hevey. to abign 4BHBE |t¢tmma@u?r5é64z@B) oneh pf)p,ntghGSt%éO and stage
i
can etﬁée l%e?t?l?g{d] ‘[\6\'I brrlnﬁg I{Il %{g& gllérasl (lnfoce%% nat S §$l“60eﬂa'p$lgﬁes %610 into contact
witls sdxdt atladre Aﬂ&@l?atmblydn in @g@me rcomad:thr 12@6mana’deSmQ\@ﬁ6 Hwredoregoing

2 1
O e R
bas&UélSdttﬁ@l &Iﬁé@ﬂ)ﬂbb@t@é@ﬁﬂhebﬁesﬂg&beﬂdleraﬁaltdrmﬁlals 25W6.r Thig contact

substrate 02 attached i nter substrate
bet“gﬁzfﬁéh@o@}l%f)ﬁ %g) %ﬁeﬁ the wgs 9e‘f f@ﬁ E?mlmﬁl 35? & fenggynerate a force on
prof@ Ve (anb @thus %oluﬁln@ PH), at @bt Ofid OI0AGRattiy QBSraQf parallel w1th a length
fasteners. I n sone enbodi nents, W ri n% substrate 2

of cglypnnp d04hvehighen cpuse therretumss 10binpshem cluticbond Hbaaﬁlaectwn that is
gen@ﬁﬁfﬂgh%l 2490 lellg‘rhg)‘f the@ofilnf 4n8 %dﬁ%k@(lneof(tﬁpﬁ)rc% hown) or

an ~attachnent Structure by which probe card assenbly

340 firgngegasctedizurd 3o D Wb initedn bﬁteéﬁed 8366 2 5ot axgmple, tester 2602
in FRHE 20 Bl G0 ROV Krouhl 51T SRR TRONRy LR R Hu 2514
thrdugk eorpmolhleatlmea d1a34d®26(hlrmhdtchaap@lsz(10|6 cbcm oxms ocﬁ theth’attarmmals 2616
thatﬁ)féroal%rs] ?ﬁf%?r%gg ﬁco (:)‘[%ctlx)xlg]lg1é Fa)ugcl{] 9 ste ? dcS n(sg rFSé)onﬁe Slél)lalg génerated by
DU®@I25¢4 (é¢.€aby tHerdireniagrimeghed 3nt84ﬁ6T as B4) fnh eespdsﬂse to the test signals by

el ectrical interconnectors 3406 . ca i nta
sengipeg 0 [SRI™SC QURNSITOUHS B8t RbEFr PONY U 15° 4 gontact with DUT
ternkiB41512084, ScorQO6r QH®) 288 cBmPRGICLHAR BhnnRls BI04 At TRRr @602 can then

probe 30 head 3410 (or multiple probe heads 3410 if

corrma@b@e sy Jewants| Yemkole HRsCtRdiresPRIse SiFslie Hehggensed response

sigrmafs 140 tlle%alﬁghéJélp%gecpfesﬁclh% aech1WVtt e s §SROS Lbard &nblﬁﬁ@ fll‘aggﬁT 2514
substrate 402 nmenti oned, probe card ass

funetipns pasregiy étadam@$eé thsftetingit etarpise. 260 2802 caélamnclthiﬂéatw T 25141is

P
14380 SOEATLRRT RE00 g ENE L DER FHAES v
at 3pes exh tel fettharlpmtadesscd ANEOLI Ensemmplhe tfdPHTn a1 @24 enpforPukfior dics,

2008/ 048 007/ 0814 .
the %165 carf ABe pac%r %eiél QZ rivise repgrr?es OE%F éo?%l%ﬁglln% Q‘é 811cguser of the dies

at 3611nt act with ones of pr obes 2610 (e.g., colums 104
in 'lllle%ontact%e?ween probes 2610 and terminals 2616 at 3604 can result in probe marks
(sometimes referred to as "scrub marks") on terminals 2616. (Probe marks can also be referred

to as contact marks.) Because probes 2610 comprise columns 104 of carbon nanotubes, probe
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Probe card assenbly 3400 in Figure 34 is exenplary

only, and many variations are possible. For exanple,
W@0080#980Nned above, wiring substrate 1102 in FTUR®E7/081423

11A and 11B can 5 be substituted for wiring substrate

2902 in Figure 34. As al so nentioned above, colums

rnar%g) f‘ef C ans%[n?r 1l d9$ lréé)%rﬁ éﬂggesstrsﬂagﬁ ége% &ggl{%g Qg) éa%tblgeurm({ QM at least

Vlslbllybh;itllnelt feor2 9@ b niktkesnade by neecﬁmmbbe;s Qaﬁﬁkven’tg‘p@ﬁtﬁues; or other types

cess 2700, o 27 ca C .
of BRRF R Shogieoiets Sdorufin Sy v ER RGN 2YbBE0LT 2514 beine
brotfghtt inng cohbatwidlt @ p2ae22610QkvhicAxia b eshodfién Padiae$®w) comprising a
cohlggtl} rgr? e]%u}eﬁ%n F@I g\lilfg ?P?Tél%ﬁ%ﬁg%@cﬁn@adan (?\%gﬁggf %M%Pg%g,ﬁl probe 2610.
As St 15@1§1r89@21n!1rﬁs BE@bRadadila agREBIYA SARMAAAI ﬁ'll%ﬁ%robe 2610

34 can be epl aced with wiring substrate 1502 wt
congig] %ﬁ%ﬁ%laliseeﬁsrmlh ppicates Bpde Bl iamerfags3 704 by e peotrding structures
191§ r&m kBmFhg 1651?[50‘[]6@&‘ 1@65j 0%%%be%l@n%&%5w$xﬁ%e§ks 3802 are

process illustrated in Figures 17A- 18B can
locan@eml ¢ bmgiedwee éillumedlwlgmh@ byi perisestas 38AbHoeti ﬂr@rwsface 3704 of

terriX;Yha{l 2r'§ 96 SHRSHLRLE,r 8000410 c&fe?;ﬁo%dqg{hg céﬁtﬁﬁ%éﬁiétfgé‘@%%gﬁd 1904 of

e 34 can be replaced w Wrin
probﬁ 26’10 (Bheqgwirtinmms CCLJ&@@' e(d lh9(h|l thatdaaeh tarmiuakﬂfﬂér@nﬂ,bé referred to as the

facezgigc(?noaf ?'_‘),dgﬁié E-}U‘ltesd %)e(ae%%%a?@ céﬁr?syggtﬂ@la%ﬁsaﬁea SOEE T of contact
endVIaNH at iFon Sxafite, 1DSiSkd ir&. 390drcan &% 368, (or Mesgyddictdn® r’[byts@venty (or

exenpl ary. vari ati ons al read tioned, .the_ order
less st nsg%ﬂl CaRy FFTeSpogd 1) an aﬁﬁﬁrﬁg@bﬁﬁwi‘:%fw %ﬁgﬂécﬁtﬁﬁﬁi above,
canR"B LFRashUFRM Sits, E@rap??éﬁﬁ‘]ﬁt@ dinZhdiBnCENhO Somadt faraE Gontact end
before 2704, 2706, and/or 2708. As another exanpl e
19037 Bgpengdratns thietircstimaacties 71e. B posentale sispofceeh pusiure mark 3802
WE] ®e 144 #fn 99@@9&?6 Bﬁﬁr(glﬁromﬁje Qﬁfa% ?7 Oa%@@ermi?r%p% 16 and typically
and/ of 2710. The probe card assenbly shown in
pengtiaesr esg4hdng 5 bmcrwemé@( aerplieal 02518 ﬁf@mt t:het wirfac 80@. ( skwe various
[ f
emﬂ%)dgllﬂgn]?s gz@c)ﬂ gﬁﬁgﬁegﬁﬁgg%(?%a r%ﬁ%@all %lréqessgttlgﬁ leoé% , gFéO ’s:(ﬂfare microns
mlmsnwﬁané7@bnfaum@ﬂZBAQay@bmambyhemﬁawahp$é@néohnmdnnmnmshno
. GoNs S Lly of. wirin ate
termjgg%ﬁéo rome)s(uarr% e3784S ?egpen% N8 ol 8129 4 al?aelﬁ’ une ctu Ures 12 1912 at the
confbt glda®alr bfzedh asluamoVd, ithe fotafjure@ cadthe \Aunfad@g3794| b)ftartaltnﬁnal 2516

.2 can be co r 2606. ernm nal s
dist5RgE b Anepte BRBeRDE ki i P05 B OB fofele Gt 4 Gy Frace 3704 of
the @dhinaOB s SInlMloﬁﬁﬁmb&iuﬁétﬂb &Be totfl bsa d&ﬁmy s@ﬁleit%r3704 of a terminal
variations are possible. Regardl ess of the

2518 gisHPTAR DUt sk 13802 sB0B: lephBre 2é@e2%/evb5r‘ya| 10%. or 5% of the

totaP @R8I Pl B s@dian7a9es 1pf te?rﬁin%ﬂmﬁ 61 0fioRdov¥erit k& kdibodiments, the
al i gned carbon nanot ubes as probes 2610 over 30

peresprage At iﬂ@rﬂﬁnlt?ﬂf %fb%bounld% oy @eametenBWhdisthidgg (er occupied) by marks
38099cfaﬁpo‘%cfehs a1 BV éfa& iy degf(ﬁﬁ ubs(d, at,e 13@061n%&$laf %W%nts the

probes and a partial ‘perspective view
per®5mge wf ﬂh: lirgitadi ared bmzﬁids by \phlrlmhter ae(H deturbed(orecmnpked, by marks

and il lustda es exanpl es of such advant ages.
38020mr%§§g§%f?mweor§g omﬁmscontact ends 1904 (which as

e s maeibned) olveeccﬂmnscm4rthstpmnqbo$eoprem 2606 ne¢d wdhaddBeen treated

e ogrofoea e Oy Guiin iopiey ki vRapovn gtz 3 fentations

3902 (e.g., spot depressions) made on a surface 3704 of terminal 2516 by probes 2610

comprising contact ends 1904 that were not treated to create protruding structures 1912 can

45



10

15

20

25

30

WD 2008/ 048938 PCT/ US2007/ 081423 corresponds to a

pattern of ones of termnals 2516 on DUT 2514. A pitch
W@aW8/0#938 or 3514 of termnals 2516 can be dePCTHES08T081423

a di stance (corresponding to 3512 and/or 3514) between

centers of adjacent termnals 2516 as shown in Figure

. It che. 4 Cc mm

congllgt rﬁség?l'iﬂbr Efelﬁge%%atlﬁgsgé%% 1§§%@ ssli%faﬁec gj7d(ﬁc OZS rcgri’tgginﬁg I]901 of a column
104368 2treundl ar pﬁﬂﬁdﬁ) SiDEItMJe:ErWC%HHI&Y shis leékico rpbametd elnqimtrudlng like

oo P50 e P TR a0 RS SRt Bl By e e

pro‘@?ﬂr@é are® 4 .the Wnitd&t Ehcﬁmé)a(.‘dgﬁ@?abk fot é)ialﬁfp&m Qe hter BB EGdsDf carbon
(0] r or tC 1 (o) er nal s 516. |In one

nan%%ﬁ&?ﬁéﬁ%@deéﬁ%*ﬁ ydEmy e guls oL e n?‘é‘gif tﬁatcfa%ﬁ@ﬁmact end

190bUCk[|h€ fort@bREManetiusd inSdnRsbANtzoal Iy Qitaye 95504”@' le¥minal 2516.
long a vertical axis 3420 that _is oriented al on

Ind?ﬂéﬁ@vh UR qapéde lopgted it whmitedarcy fillpdidris Eigues bt tgé frea bounded

by ﬁ&nhl%te@ 356f) Bh B sud 267000} ChniGADSPE. o'ﬁlltécltml@edfa%aC@O@ @an correspond
cont act ends 1904 that can be generally parall th

to tbffsmmta@ahrea{@ %, Ba20nticiaachoCemtdsbengiel o aif pyobp 36130 | 6ﬂhe portion of

cont¥et %Ldt %4 ol %Lg g&m(é‘ipb [&n ]b%%gferrl‘,({] toS%nEﬁe ?JEQ %‘# B% M 2nd 1904.
vertical axis so be

Linp'ned yae;a o ar caraspdné te an e @f tife ﬁm:er ofrxg)n&mb@tdr ]@Dé ) 2902 example,

. Ir 4

i B b Tk 3% oms B it P ok mifops fyhich can

corﬂ&&poﬁ& tb efmudalos B0 Gqldre anierods)s pasehdas Matetli abale, adth Sbe, in some
nerally parallel to a direc

20 ca al so be g of
embditgingy gﬂﬁﬁ%?ﬂﬂ%@ﬁ%ﬁmaﬁ er9icigreisPeipe 62%185]4 The size of

eacl@[ﬂd@ﬁt%nfjwﬂbmg 109 hetwarm 4086 PhRAshs 260 B8 thdantation 3902 on
t er m nal 2516 ecause novenent of contact ends 1904

the purfage hdli-pittsramma) 2ok ndaindsagptiony 1902 dypigally pemAmty lesy than 5 microns

1nt0Qb1trﬁHal% @@ ﬁ@ﬁ%@ Eur?a\'ég 47(91f IﬁQJaHmSen%ﬂln%ﬂ Qa%h indentation 3902 can
0 nificantly smaller (or tighter) than probes (not
typig g‘\l\bﬁ)

lesgtbared .o e Awmicronpagress fonndentegionomd gen tymioaHy penetrate less
r I
ot 8 TUP2I5E e b 96 PRAELAESHN, 2 P Oyl e
ared ¢rathe bgfaco 876 drgewand e H distuibsd (®¢2®pleﬁhbys lnldsnthmmaa%@ can be
lessaph\én %@PO eﬂé tgtfal ta'%% or t en&l?titace f376‘4i:j J g% ¢ te 1nal?ej% 16 hafn various
i S perpen i RGP 6 Vertitar“axis 3 can cause
emt@dithanes, tHpobtal alRs odfthd hefaad pAkelestta prminels2116 dimu/reed byviidentations

390758 o By 1 han haCHnBLRG AEhe L ERRRL MSPIY fig 3704 ofthe

terrﬁ;ﬁatzao;@ M@fefo’v&nﬁl s8fnc aehbadifihts hO P& SertRVAF the lﬁﬂtéb area bounded by
ot herwi se, contact 25 Eortl ons of adjace

peﬂfﬂﬁ% éé%%laquaaeé 6‘?ft°&é’tlpl%dé<?ﬁ igfenistions) 304 aﬁ%b%}%b@ﬁ%hf@al to 40%,
3008 195,08 B2 1n 3 Qmb3ARARL thk SRREnESe §fr§He| lirki®dd érbag Bbunded by

as twenty microns can be achi eved fof colums 10
perigistsiud 9P disiuglpd dogaccupiad by dariationh 400% eanubm<0% o1 rrsﬂﬁwm 15% or
in Figure 35 can contact a DUT 2514 with term nals
2516 with a pitch 3512 and/or 3514 as small (or tight)
as Asvettyonpd ebaigs prob 263G wen eltdyodivakyntosypriac golumn 29@2which as
ShOWIqu/l %:%gﬁs%c nol?oengs L ha %161&{1]1% Oiva’llglr %nge)?a%lrf)leb%gak %Iéuctures 2312
can\fnlel lbcdﬁﬁl zﬂl cﬁﬁi&ﬁsS@beomfacirmrdeBﬁ)etcﬁlcbluhml B4 Hlture df pwstrateo surface

37105161 0T Wb ai I P Rer o bh st e caae s gh Gad il 2516 are

bro$dh hht@ cORe (c. P BRRS604 in Figure 36). As shown in Figure 40, marks 4002 made

less

on a surface 3704 of terminal 2516 by a probe 2610 comprising column 2304 can consist
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2610 on contactor 2606 (or probe card assenbly 3400)

can be replaced with flat termnals configured to
W@ vBaet93Eol utms 104 extending fromterm nal s PSI6S2007/081423

O herw se, test system 2600 43 WO 2008/ 048938

PCT/ US2007/ 081423 of Figure 26 and test process 3600

b C e a c

esse%tlalll:y ?tugn? ﬁun(: ul(f)?s nei%%ebsy é‘ I%E sggalsulhg%lé; ng grg é‘@? d ﬁ@dk structures
23IE|cngbelo'36ted bt mﬂlarﬁbﬁ@n&lnt exidppp '@fyolpmﬂdéﬁ% aﬁ&ﬁi&rlfsoﬁtOOZ made by

testing DUTs, (e.d. DUT 2614 st s
the 1rE R MR Aol s e B parenas, s tiRtas B s 40 by
peridfeter a0@4)0 rl“héfﬁfnetle(thES 4061 @ﬁﬂ:oh%pphdifb&ﬁe contat Sﬂe%gﬁc@tact gnd 2302
3602. For exa e, _one _or nore s 2614 can ce
of Caﬁmglt %333 é@ffn&* ?—%%5 @5& PRHPD BDEPIHC 11yt N08 thig Tkl BRial 2516
can BET@EREND agdRI flectd? cBKtRG 88 1700 igfted A8t ®438n c&?e%ﬁor{élf to an area
. Tgr obes 2610 (which as di scussed above can conpris
0

oifissred crotctagnds RSt Far Fraginiedingedamiep 44) caanks %s:ﬁé@y (or less)
micRns 'b? &0 I(§1r lgga-ﬁmgf)ns%lcgggﬁ" &%@p&’lﬁ tDLOMGNLF 49'0@ Qquare réucrons)

contact a . For exanple, stage 3602 can be nove
whigly a%ﬂtatgtﬂb@ﬁgyambe tresomiorraibo dS N6, the tipproxiasteglimpirsesine of the contact

areazﬁ@flc%’nt gldS}S%ge Qn&l%gn&%dq g@gl%@ ABY %‘Ql fl e%%@o%&l& Igt?ltctures 2312 as

ones of erm na and
showomm Bgure AL, lor ecloinn @BOrecan halve eronatr fewbtythm fdun peak structures 2312.

t t
heffhede {0 of BELASI R0 5H0% B aPE ATRHS s as nlRffip ki fhyer marks
40025 %pﬁﬂlihg&ﬁﬁtﬁ@ bizS bf peakpmduichurys 23129’&5 wizedf ed@ﬁ@&ﬁbture mark 4002 can

el ectrical nnectl ons bet ween t S
ISl b Fﬁ% 1Al SO288C THHPES Htea%‘f fhﬂe%fﬁe&fﬁgﬁ o6 S pically
penbtiResPIRPaBan26 1Rided [Re teffsal 051k hﬁoﬁle!hm e 3946 CRNvarious
generate a force on 15 probes 2610 (and thus col ums

embpgimyenty, cach puagtureangk 4G acan fgtcaily by éﬁ%@e?han 1y sqpgFegmiceqns, 10 square

rmc%nts rbl”% éqﬁéﬁgtﬂhcroﬁ)sf orC@L WiRRe 366k f"i@nﬁﬁ‘al@gfh &ﬁ‘ll{ﬁcélgf%enetrates less
colums 104 to eformelastlcally In a direction

tharg s of %mlcg@rmenta |t¢ripingh 2 B0l fedm susface, é7q4e AePPnddfg Qnhgze and number of

srdRefier Ll |
s PSR GELL 710 o (15 L ELRAOARE PSP
37 Oémémbm}m?tlééﬂ@dlsﬂﬁlﬁzl byi punkiugumerk® @0@ parslenldspibwe i S%Gnd the total
round nal.s frcuitry inteqrat nt.0
wre BB S AR A587 Rt BsGRP B o el e EhARRES S My on he
surfac 3784 o6 1 te&ﬁﬁﬁl 21 6Q1m,ﬁ"b@f byt actitdimires m0akhs b &iGthih 8%, 5%, or

., probes 2610 inc ha W|th ster 2602 ca
04 BE e aean i wi el 0" GEhe g Byro- DEFeSs14n pangEmbodinents
the pyrcéd?@ge@fmuhﬁltem alrdattﬁgﬁc&au&g peﬂm@teaﬂbﬂcﬁslérbed {or b@é‘u@@:ﬂ}iﬁy marks
the test signals by sensi ZQ response signa
h

400@rﬁaaﬁhle%8§n&rr EplestPe160% %ane1§% cBnores emb?%ments the

per%ge be FHY RS %@é@@u&@@%@%@%@t@ﬁ@&M &%drbed (or occupledg by marks
communi cati ons channel s 2604. Tester 2602 can then

4008 grrplr 4% premgiees ééfooedsonse signals to expect ed
r esf@ ég’1§| ﬁiﬂéﬂa@es eln eiegfi) a?ﬁ@érﬁgoﬁcﬁl%f&) e ﬁS 154" g@lﬁlﬂ? c%{égi a non-
e

anme as expected r se signals e tester 26
11m1¢1ag1 cxomdt |ﬂBUtThbftl4DLAIS %m, dit ghtt |carnhaveorple®htwaacmnnals 2516/,
@ﬁ;\sse t.he tes [ ot.herw se lgeﬁus{srgte

02. ¢ ' .
whithh S8 B dOt R s SIeulR e e '[661meurnr@1 1% %QS I%Qa fipr,terminals
2516'hape b@ﬁ&@nﬁﬁ&ﬂbpﬁroﬁesg&ﬁﬂ@ c@figuteddes DLHigu253 A and3t (i.c., probes 2610

asse t he est at 3660an? further pro s&
Seoem il Bl ot 495 arcontiy QuhgiApEfhe cotumns
104QB&$ igure 20)) and tested as illustrated in process 3600 of Figure 36. As shown in Figure

41A, probe marks on terminals 2516' of die 2514' can consist essentially of (i.e., be generally
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30 the dies can be packaged or otherw se prepared at

3608 for shipping to end users of the dies at 3610.
wab@soesact bet ween probes 2610 and tern nal sSPRBLS2081/081423

3604 can result in probe marks (sonetines referred to

"scrub marks") on termnals 2616. (Probe marks can
e

hm]gééiit ) Eunc{ur% gleﬁ(g %ISB%JOg%?% thﬂf‘ é\erﬁ?&éﬁjﬁéﬁé { Eag@é{?e%gcpndg tt)o % contact
end480ANF a?p}ﬁsd DA993 Shd%iTlh W@@@?ﬂ 084 dirSssetrmbdeg Widf tespent tDBTgure 38,

the et s 3807 s oot S i e SR mi G e B ned s 1004
of pmdae 2by0. nemljmcm@blaﬂ(s 38amnh keem@ialst2spe dan Gbas desofibed above with

her_ty 5 of probes. For exanple, Figure 37 shows a
reSPﬁS\trt‘t’lFéﬂur t%w of a terminal 2516 of DUT 2514 being

br qught 41 Btidue@Rt Acd 2344t RitR tRHekes 2640 fthbehindl$ 28945 Qave been
shown in partial vie conprising a 5 colum 104, and

confarigd b pedes BoMsconBigyrhay dissgasd @é@W@N%@&PCb@tFlg}fre 39 (i.e., probes
2618 %Fﬂ@ﬁge Wlﬁrﬁnsof(ﬂb@h(?s@ JantaCtAéld§ h@dmwbﬂé IE)It GUAEY ?bgproaﬁfeks%'uctures

made on a surface 3704 of term nal 2516 by probe
1912@1@ copapisémstt 1994 sdrthé adlbynsfl 04 tsaf IFigyuné@ired testedeasiiustrated in

proépelgf %(%(5 de%‘i&gg’ ZQ 4 ysh&bl? gﬁ Y Bn §11it5t#)%"s @% o%é%&lals 2516' of

rom e Con
die MSH%(WE rcpnmsh esseandly 61802 aueegenbraktjathadted no)alnkiélmitttoasi 3902 located

ar ea ed in ure 38 r, r 380
witfh §hefielel S SLHT st Rt s REp P SRS IOAREC] pRBY a1 G spown in
Fig804. aaiscass¢daioontrith @esﬁm tCORiRGH, t?é arlcfticn® BP%}D&an&ié @nade by
1904 of robe 2610. (T t|o contact en 04
endg ﬂgfaf %%ZEOFEW ALfomIRiG! Srlof g gampese 4 pigles 2610. The
indén@a®nO3900 VRt @GlinB 1 14244 be bd st@rﬁQd ab& vwathQdspeano Flgure 39,
correspond to an area of the face of contagct

1904gye Fdf Hluiitse anqthari peppkipe semisondusion die 2§§4}'e fthjch can be

anoft@f n&tﬁ%)tln@egﬁr%?é 0Py EeYAant 111(60([16 2k Ffﬁs@le B3 OF QRS hdvahi Iﬁﬁahty of
can correspond to an area of 4900 square mcrons),

ternpipdle 35 5, svmaw&le@nd@o\f@r CxpEIiaPon® padsn FoHES exdyec. aphes 2610 of
con{alaf%r i (g@r(]e'dﬂglarg%% 5[%23352 gn rogé %a?]rﬁ]tgﬁgﬁﬂlﬁr%%)o ?{ﬁ?urg 34 can cornprlse

cont act ruct ures
cohmtﬂs223014 fin preeseliA. tAIseshe;w @ﬂnaf digdSh4'phasdtcarr eomatdd 138@2bes 2610
coméoalrs?% ug}.}é%goééj a detresgfmedna qonf dsirq é?{cgsgrgggﬁ 3F Iglgure §6h probes marks

on tpemedls 25 &8 of ¢is 5t ann EOHmSCfs@snﬁlaily}bK(_l t. ebefrgermaiallg hitfited to) Puncture

3704, In variou enbodi nents, each
marst S0P LAGE D 38 Gloot Gk Ao 3004 TS TERLH oot g 2302 of a
pro6y 2610 (SoivpRisE g A 6 fuaihs2 3840 amlotvlaen Biglife3A) 37 Ebwafin Figure 40.
term nal 2516 and typi cal yenetrates less than 4, 3,
or Deppicgpduciondips 2%24 [ é% ‘gswlgur%rﬁoéuﬂfaer@ e’é?@alary only, and

r@%&%’a’!ﬁ’dxﬂ ArOfbssihiee F&n&aﬂﬁdﬁbﬁé nﬁﬁlbéiaﬁlkl %Wéﬁ@o? tdrahtal €45 1%’“ 516" on
contact end 904 of each columm 10 total area on

cach His 2904's 2dé" azGacpplay qnby. nPigals 1Q53216 ha‘dil sdiffetgatnuggber of terminals
251BURGTH 6 BRLES B RO thA $ant N3 ROPREE 4 hﬁlkte%s@' die 2516"
> gfg]afcofc E%l sur?ace ! tb[%% the term na%&%S? 1

amﬂ@wdmmﬁb@nbmmMNenﬁ@nmnﬂe25hWawmdremlmdehehsamﬁ&Egnpmwnﬂhm1
Sho3704prlreg”termnal 25 2516 di sturbed by puncture marks

3BOL €4 be less than 25% 20% 15% 10% or 5% of the

t OtFaguraFlE dllwfratehe t@lical acde 30K 4008 tnhde beh mypial pddrl&t probe (not
shown{ conti gured Iton cosn aré? a er}%ﬁl?n%ﬁ 25&4 of a ghlg %202 and then wipe across the terminal
4204. As shown, probe mark 4208 typically consists of a gauge or trench in the surface 4206 of

the terminals 4204. The probe mark 4208 typically extends from a heel portion 4210
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percentage of the limted area bounded by perineter
3804 di sturbed (or occupied) by marks 3802 can be
WO e®s8/04493 or equal to 40% 30% 20% or 15% PCI/ERMAT7/081423
enbodi nents, the percentage of the |[imted area
bounded by perineter 3804 di sturbed (or occupied) by

R R TRB AT T TP TS By o

typing hdcanetpondy ® the emd bf thatpeidr arf erope’s (1@ sisdvomrwiping Fiagion @cross the

o450 REER 35 B 3 DR By o

the &Hﬂftﬁﬁﬁn&VQé #Afl thar wipaghcrdSlific yrmHade®s B6the toe porgon 4212. As
rising contact epnds 1904 t were not _treated. t

Show QEF BUET &b UBFsienS PE %Etpu?bésm% fypicadly arcyss WBOWS A Widih W of the

proBORBKO489 3G Bferbhpdnd QRAABLHZ3widaPESthS bor@isS 8Ntk ghiby al®brobe (not

i ndentations 3902 in the surface 3704. A contact end
showgpthatgpntgets il 42042 lspgth {ref dreartokeompk ddPgan correspond generally

to aslélfgﬂp(gf{ﬁ@@lpﬂ-%éot%daftt%ok 8 bfo@g P 'slﬁ)tv&%‘;i a&[)ss the te{mmal 4204; and

pr ot rudi ng pr ot rudi ng structures can be,
a dépein&x ofathe praviconask 24P fromethe lsurfapaeh?fh intF ﬁe’ﬁ@at 4R04 pamscorrespond
i rudi .qa t 4
BB 8 B IR 1800, DAL AED 5 130 s shown
andfoa tastirab42 Mha topedtomadieths bihghaftey irfitig rmmliacheblet\maxﬂ ﬁleqfrior art probe

rbo not ubes at. for e cont ac
(ot a0 hE ERIRREA00 sl Pkl E Rl 5 B By Laing bl w of 20
mic@fns tle6fdnaicroad,lfhd D dMdent@hs.ons 3902 can be |ocated in

alimted area (illustrate n Figure 39 he area
bodh a@%ﬂ% s ﬁleor‘%fﬂt Fgurg 6%4% degps Pﬂee%drtmeﬁyyﬁw gthe toe portion
42 112 QF MHepRdbedRakB 4208 ertel débﬁsﬁﬂlea-ﬁ@ﬂl cAOERE BN @ﬁ]@pihﬂlgs material
to the contact area ., the contact face)

of thp el ¢4 andea H@teﬂat @o% gpende inhenHe tsvré%te&@()@ef the terminal

420@% %C&ug%g te%r%glﬁl jfi@)@tan%f: &‘?‘aﬂp@(ﬁ Hffrb@lthe%%g{@ce(:@r(% B terminal 4202 as
referred to as the face of contact end 1904. Limted

the grierzar3golk (@arshewnt winge framtthe heel peréian 6210t dfdhd preke pirk 4208 to the
toc GORLAG2end 1904.) For exanple, [limted area 3904 can
e seventy (or less) mcrons by seventy (or |ess)

i c¥ltwsgh Wi chvegiaon icoot es domicbdt oheamxanldayoprola@()@arks consisting
essengﬁlgy of }r)ln%ncc[t 20 ?ﬁa{rks\l\ggto‘% shgvc’vn filt(l) fgl%et‘ %g,gllnrcei}éenﬁaguo&sq 280% I ﬁlgure 39, or
punctard @eiks d0€A stafwncartigat 49 rbdn 19 0rbre AtherntigZ@s @hanlthe @achart probe

'n entatjion 3 O can typically be |less than about_ 5
mari B ghe’ BEH s  IrReRisE Progts myBlsmog e G B bEd pad) of a

semicoBducddr diglchi eaise 28kl pastikerhd) deidtaploBd Sad@ean tpy Plcah hire from
penetrate less than 5 mcrons into termnal 2516 from

beingeondef ot isramela. (1 BN AL SIPHINARTRTsdevie @ff often connected to

conﬂﬁwﬁ@ bed hiBRcPAACERR by tiRL.§ &kbdhdP&/ch BSSWithR @u&essﬁﬂly%nded to a
m crons across the |ndentat|on and can tyglca

tempefﬁe’tlthaq propeggrk, theamobe magk cegy dezrq%ectﬁl@ pleqtive §a afrthg bapid between

o S54SRSO ORGP, 5 v
loosgh of avdnetitaCh froocthe péreidynduytor dfdecmt dbtolds. BRO®R Nard, 306,499 to Puar

PR vt 2B g §ifes e Ra IR Y B pitaf S of
pro‘@erlﬁﬁrkmm 'théomgmﬁ@pmbﬁﬁﬁéamf)e a:dt@dHﬂynaiucR@llﬁe dresdfuhdpdbe marks
and?%%/ nd Ql}ggﬁ ell] 813 318‘1‘:03 n?tg b at6$ S]i)rﬂ ehanlik% ggég ewéﬂth%?tg{%ace of the

ternkif@. Thus, for example, because puncture marks 3802 in surface 3704 of terminal 2516

shown in Figure 38 are much smaller than the prior art probe mark 4208 shown in Figure 42,
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term nal 3516. Moreover, in sonme enbodi nents, the

percentage of the limted area bounded by 25 perineter
W@ 2D4/048938 ur bed (or occupi ed) by indentations BODRS28TI081423

be less than or equal to 40% 30% 20% or 15% In

sorre enbodi rrents the percentage of the limted area

tu | e b

purHERR S BT hED B8 Dbl GO FRoL PapE5aPlo oy of he
proulsmﬂﬁmtmssababoabmmm reppeob® ROhOneen. ahtaldin@h) behyse discontinuities

e R st R A s T S il E sl Hile P8k much

lessahdémﬁsmﬁﬁ?ﬂe:ﬂclzeawda@ fa6bd eaikt4208 ahd aﬁrm@ﬂs 4014 6© ﬂtaasetface 4206
en 2 of colum 2304. Fiqgure 40 i ustrates surfac
of teppppl § ? 0250 FigUss A YRCts f@“égf 88? arg 15gs dikely dopmdhs gﬁqugm&mbe mark

4208 Qhy @¥br2 @Mt& &fubd of R froBlehis d@E@d%&bo‘v@Wi’th respect to probe
contact (e. as at 3604 in Figure 36). shown

marks. g@lﬂ@maientatmﬂ ROL oBigwEd angih %PWW%%TkB 7092 éhfown in Figure 40
hke(xz%e%@ﬁ{lehzsﬁﬂa@lepé&ldaer&ﬁ@fe% BB FART h%hr@&e @@bMMel%%Qé’l 2516 than
can consist 46 WO 2008/ 048938 PCI/ US2007/ 08142
the pyerent prabd parkf428fand d‘fb@ﬁ otlardekt amddberpipropaakess hkqlrx: tougagse any of
' : X Al 2312 can be
the fdbiems QR IROLIA0E Qi PR RAMELHARS 2502 Co o 2304,
andAsnsiokld bﬂ:&@@ammﬁd eroby matth d2(semknghrlagtuthes aRBIR: cfathe puncture

P, S0 bRl bl 49 205y i

punetaﬂ: aoiks e8(20ndigide tm)leMwmvae prode earlod208ant alebrispid 230 Aisturb a
of colu ure (The ortlo f. .
1afg85mfaf‘efag8ﬁ t%%ﬁﬁ%@h@?g PLi m@ﬁ%ﬂ ﬁﬁﬂrn pste P el in Figure 38
dlstﬁl%fcﬁrtlﬁeeﬂlrfa@e aatdrecrinae 29f6', eRNIna&dtatRAE 3962014 Fléuréns@ aﬂturb of the

a 4004 can correspond to an area . of the face

Surfe%ﬁﬁ@étof ERBINEI4 6) orgceRike 1002 1ﬁ1thé1€F %@ﬁuw@éahec%}fface 3704

of t@EiSeYSeHy (or less) mcrons by seventy (or |ess)
m crons (which can correspond to an area of 4900

squaentariaida syntactoii69h of Eigyteatbennd alnovtes, catdgssdyebly fike probe card

f
S R R P e O B, bR B PR R0 chB6i nanotubes,
Figget d3vk afB GAB ¢whichabe~ fopectipdale strspadtvanesy 2612 cass-sectional side
vie )hcﬁNntrt ano e'lr gxe%lsf‘ %r hcailgnmi]n %J 9 801? hsa\f&4 n cornrrlse sprin
Yewer than’four p ak’ $PP ur es e surface™’ pring
con&ZOéknmfurésed’el’g natercdbiddat sthvted) rbﬂ%ingmfeq)oéé} 4390. tiherbar 4300 can
have nuor.e f ewe rks 400 nd|n on the._size

COMYYISH B AWTIEE F‘ﬁh?frﬁtFe 05398 amyatc %—9 Oe oh CpAm tibairate, or other

wiriiBskbsk@R% teRhich Ly RhBAI DY alkeitteiRy. tAaMowR, US04 (which can be
m crons on the surface 3704 of term nal 2516 and

nong pitipg exampies Hfelifist A8 LONaESSIURHFES Sndiseqope SPiifg gpntact structures)

can 1R MaB@dd t%%o&ﬁ%@?d%@%wﬁb‘ﬁ tarec 3784pled Br ¥ alrit04Sface and a second
enbodi nents, eac uncture mark 40 can typically be

surfiage of theapiring suhsiiate é30ﬁ crapsample asghewein Fizee dAB, sore @ columns
104553%6“ at{yc e{dot'aste&ﬂnzhb @3(%"5{1 XE s?ﬂg%% v%*mg %[ﬂgg'ttgf%l 43%5,191@ others of
typica , Or 2 mcrons

prc penetrates | ess ‘ o
columnSdOﬂemrbmatac}Z@llte térmoralsstioh ao @.n :emﬁmlte Bdpehdirmg sobstrate. Wiring
ze and nunber. of peak Stryct 312 at .t :
430% cg & algr cCy and/giavasin.or Off Wi m&%f tray[eéggo c%uhele tri hlly caorrmeegt terminals
on the oﬁehﬁdesuﬁ \f/ﬁmg sﬂﬁtr%t@ @40Divita térm[mﬂsnﬁkm 3bie djjpsiltershhd)f e wiring

0
subﬁrat 02%2 anrgriatlilereb;1r gloo e ec{lllcal?y lcoen%%cttcr(]) umns5 6)4 on t I'e],eonte os&cﬁel of wiring

substrate 4302 with columns 104 on the opposite side of wiring substrate 4302. Wiring 4308

can be non-limiting examples of electrical connections.
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area of the surface 3704 of the term nal 3516. In

various enbodi nents, the total area on the surface
WQRI@8/0¢f938 term nal 2516 di sturbed by punct ur ePCEEDE207/081423

4002 can be less than 10% 5% or 3% of the total

area of the surface 3704 of the term nal 3516.

l\/br s adn i e . .

FRRs 1L 0BT aBTROSIEMS el BEPGRN 39aRla bl Frontioned

her@mcmrmgr bx;lumm 14)51 @b bd gﬁﬂvnamm derifiedsubdnate (0., eguahte 202), for

0 40% 30% 20% o 1 ts. th
cxaslee 8nindd BrERHES P ietp- L aBe BR0THER by PR Htdle 4502 .
usingOié odtitiset tasHnephes Drust@&éwml 83d])B by 1 vk sA ltedMiRe 1§ aco irensA @0 can be

or nore or 15%0 | ess. g 41A il lustrates %n_
BroWy ORPFTENYALS B0y nYties Sivd 5 1 4sing iRy @RPIcANC heehBiqH AL process
desérivdl bt AEn@RIMERINOfFdPNargd 4olubhs S0P WM bdi@wd Dhdernfdls 4306 in
haveaplurallty of termnals 2516 30 which can be
the paRc BRBIEH PR ColBBRY | Pdcrie Sravguebtemminals | I50& iy Elg@r@s 15A-16B. As yet
anoth@f me[ill?én%e %%ﬂu@hns qf()gf &hn B@éMﬂh %ng é&)@ sh(ﬁéh &n %@r& substrate 4302 in
contacted by probes 2610 confi gured as |n Fi gures 37
the apde 38y (thatecolumprsob¥d 26 Bowre mrpfcs 4@ ol Hignes 1GA-18B.  Moreover,
u n: .
col%ﬁiltog?ca %g Wgo?&l Sﬁnf? S%ir{ (Jrgizoré%éﬁllregéefgsle%}l?salﬁllgﬁ{aéegﬁgé:lgures 19-
22Bag athdrest descelbed an H]Eitltlm&déleﬁtﬁf) @ndfolEnguild 36 be Aschsiedwnterminals
4305 g&gl/pgug‘lﬁlg ng%gdat 5@22’@( natncgsrl[n%ns&élcet%{gs Q%éﬁ wénc]h ag%gl q()e; anchoring
strudtlrdD6CEO 8K Q489 38A Red A 653@@7&19&@52&cmkdsm80@d1 Fi@yires 18A and 18B
uncture nmarks 3802 | qcated within a peri.neter 390

Or {91 Ao ARSI HPIgU IESHPHLPT MERIOPOHTIT &npﬁoaﬁeembodlmems
coluAikQ 023aSHONIR doRinfnis QR0Lor3B04 As di scussed above with
respect to Fi g[ure 38, the puncture marks 3802 can be
madagusy 44t uietter @ethedgemplasy prR¥capnfip Syhighr lupsst 194 can comprise
sprift§ Q§nt;§ Qf}‘uctfﬁfes %Qbﬁﬁr&)@ﬁk&t s&ﬂ&u@éﬁ%éﬁe@ tg%rhﬁhaﬁg(%?g Qdnd pads)
termnal s can be as descri bed above wth
44Oﬁ@§|@é@mlcp@dur:tog diee483, wirply canebedal ®-lithiigg exarede df @ whksubstrate.
' er 4 -
Dictliby o PA I alE, AREiog BB e T DI DTS (BEFR memory
or dmatsltprags;memltryt dlgiﬁalgm@@cﬁ@ut(y pecesspr@igesry, @6.10s ¢ompmins grminals
4402 5 gnjlej%récaé rcgrz %ﬁtreg éo t %%l{%{l‘t%? in eg(r:%% a{&dlee i 6)21@3351? &us provide
1nplithﬁd Gﬂbutl’fﬁSmQIﬁ{% peee, midguwued20)) and tested as
iII trat rocess 3600 of Figure 36.
i Tl DBt gD Tor Rramait oRTE0T Grentioned
heréih el\42)5éb46r 6HIMBOTI &b begﬁﬁﬁltdnad dayrifdial(substrate (BG., substrate 202), for
generally lLimted _to) dent ati ons 3902 | ocat ed

eanPFh?‘WhQWBé? Fl@t@é? 7365@41%%@66&%%6 fodic f00%a(cgonpingpeny of the

tectRitfied 90RO 3n H-PRE o£62019S ANGWRIVER, Biughk el 049¢an®Be grown on
di scussed above with respect to Figure 39, the

ternpinele A10k ofotis 4GB R YLD e BghniGRES Difecwalebwibed or mentioned

n

her?ﬁe@%y Q%ﬁnglgq,%g&qul%ﬁecf% rﬂ)lg %&#gﬁﬁ%ﬁg&g 3?4 HAHP e manner as

colunarsni6fid lase @O¥a' onctarmib@s d§04dmslciguioe dSa6Be Ad ydt anetbgredtemative,
t 9 Hoqure, 39, Figure 4 r ot her ex | ar

COl%nénr?] 1 é)gn ar C% %rovvalI pE% @2%‘ %o\xx;'l:) Cthalg g%&glnatﬂe Sanie way FPL N ntns 1804

are vl inrpits i1AQP ﬁXFagmbﬁlbﬁf 18RIT Mdcdver, lcolkuennglil @4 21k treathideusing any

onezo? %’n%re of%ﬂe 'Qea ments Hlug[ra?ldl 1%¥1gu£es 19-22B or otherwise described or mentioned

herein, and columns 104 can be anchored to terminals 4404 and/or die 4402 by anchoring

structures (not shown) which can be like anchoring structures 1606 in Figures 16A and 16B or
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termnals 2516", which can be, for exanple, bond pads.

In this exanple, probes 2610 of contactor 2606 (see
WO@ene3R6 and 35) or probe card assenbly 340BCT/HS2007/081423

Fi gure 34 can conprise 20 colums 2304 in Figure 23A

As shomn after die 2514" has been contacted by probes

o BETRS FO0 LTS By, 3080 s ot

or mﬂmtlblmdmereai sIn26rh6 tmbddinie s, 26L4ihs d@mcandmdlks tolumns 2204 or 2304,

nt I ener al I i
oungr a8l e R Shifed 85 PSSRt Mg Suedh e s opywhich die
4404@@1% nrtakig.)iz;L glﬁD([lE G&Mﬁﬂﬂaetp@clﬁgié‘(ﬁdm@g%céﬁg&l Zﬁ&i’naﬁﬁiglﬁ, die 4404 can be
obe risLn a Co as snown L n
uns%gblatpg Qg%\t)h gfeg HB\X%H At Yyiasgq}?%n Zf@r e;gaénlieh é;olurnns 104 can be attached

to €A RONRUCYQr4402 @ssstﬁ% ofihe whBdk4dn Whickd@UI®Ss v@ﬂnﬁﬂec In some
are exenplary only, many variati ons are possi

emipdimeasa fplH@ns Wf’ecaﬁmétach@%o poaneortalloft theedipg (522 shk2511664402) on a
sﬂlc%ﬁjvﬁafelol%for@ Qﬁ‘ch dlfcié Gre %la’tedzﬁ’érﬂ th@@v@fe?X%%é}ft%n&Pll%ve such dies
D e 2516' can have a fferent nunber of term nals
(befeB1@" aftenbdind Slnmatb(éfrblalthle wafer)ican &e dhisfeflén e mast praterelilie test system
e
2605 Q’g %]ggrshrljé) gﬁ tahﬁb n%cgérilrrdo c%Sxél}ﬂ‘é %e%%r%g%si gﬂkg pga%cl,s% 3606 %? [l; gﬁ}[e 36. As
disdussied albwve, mrsudl adiafchey, emitlmpat(Melam bt higaghed30 t@’hmvmls 2616 of DUT 2614

andz)i ur 2% onbc)yn gt{o?%? lah IB? ?eté) ac (f YVltg lﬂo%[ fnglﬁ%% ﬁg{ﬁa’?g K ntact the
colheaxzfliog ldkteﬁtilﬁg)fr&ﬁmérﬁﬁ;ﬂalﬁal 6 bﬂDUEH 2642 OH‘ Iﬁﬁbea:aﬂil BsehD23400 is used
hown,

and the oss he
as CHRiAgEr %@Pkprg% 4| wnééﬂwe oI ag?dswal? e or

t r eryblimhsn o4 ensund @g@nd2B, ods, 1560 166, rn%(mabgoéﬁa@m ald12304') as

Brobe mark 4208 typically extends froma heel portlon
wellyg81 probosg? G co b nou B B PeTnplse 0D TIrng £aniact stysies Junkes, spring
prolgég filrs‘ﬂ stphﬁé cftqM ﬁﬁtctd%st QBCB fﬁﬁg chnt&rt Etﬂféﬁﬁ?&e OI(tBQtprobes

to a toe portion pi cal |

c 0 rAlé@pginmcuﬁe emhedimarefs @ﬂid %pmécemonwf thfr nvention éavse feapdescribed in
thisS p&\é‘ﬂi)catm pltﬂ% mgt hcpq RS That ge 1¥1€J %ﬁ] aile fi?th%d tEQs% xemplary

probe m 68’ e proBe

US creat prior art

emt(qdbnemmapmlomoas tos to tthee rhewadr ip o»vltwko the4®¢ﬁlp1md ethediments and
app Aﬁeﬁ’s %csélrr Sosrhatr% eslcrl g'hg%l}ne gg’x%ﬁ) rl‘retéII%SI ou glg c{lﬁlefﬁs are 1llustrated

herdim ik whyghi @hlrhns Bidearaaittiched annvand/er Wedﬁ&nllwc@ﬁndctea to némbﬁals of a
mar k. 2408 can c espond ner al dth of the
wirB Bt SO FIRE: ] GR B PERSE YA R shAPTENaEn o i a wiring

subSARd. A6 trifct, taQEridifA Icarfn?e()ﬂmonahﬂlﬁﬁg bihnkpl@éf atnh:eecﬁfc@t@erﬂaﬁ KAs another
2408 can corre ond | engt

exampbp RjumBY | Yrlapd thup ég]ﬁm%?odaﬂp“ p1|486e16@ﬁo%80§h%%%) 7304, and 2304)
lrﬁ%ﬁ)b%p% 10 bHE Rbn- fh%gﬂlg e?&%le@of@?ﬁﬁ%cﬁt&t stf;ulaﬁlré%rﬁ}gﬁes spring
2408 from the surface 6 in erm nal 4204
prowsr ff“é"s%@@ﬁ%l congacy FisFuadsh Secorsl RN gaitact plalliresd PIiey n?t@es
whi ch can be the distance the prior art probe (not
shown) and/or term nal 4204 is noved toward the other
after initial contact between the prior art probe
(not shown) and term nals 4204. Sone typical exanples
of W D, and L include Wof 20 mcrons, L of 20
m crons, and D of 10 microns. In addition, as shown in
Figure 42, a debris pile 4214 typically forns at the
toe portion
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15 4212 of the probe mark 4208. The debris pile 4214
can conprise, anong other things, material of the
WO 20081048288 4202 and/or material (e.g., an oxi deP€T/URY00TOB1423
the surface 4206 of the termnal 4202 that is dug out
term nal 4202 and/or scrapped off of the surface 4206
of term nal 4202 as the i rt probe (not shown)
wi pes fromthe heel portig%é§§¥g of the probe mark
4208 to the toe portion 4212. 20 Al though the
L. i nvestringroitgct syectero chinpiitiegd, t he exenpl ary probe marks
consi St | ial of. punct,ur r 8 Wn
o r g aBRIEN Rt BEEGY LR (baiCRingIBE e cotumn
conpuisiap @rrevensblk slefb@0bls fegivn tetwdeh guire o40 of the colimmoand a second end

of t%d%ﬁ?%g eor%xsfﬂ%u@%rgig%ogrgl%@% ée%{%?%goggi{%re%étlgﬂggni gﬁ%ﬁyngégng a length

of the€column i rBPoasepad Yored applicdLthEOnRbEtPthedotin@an cause
several problens. First, probe marks can prevent a
wire from25 being bonded to a termnal. (The

2. termenadiss @t SEIMIMON hekR thd @YIum8 BfPritaBRlcctrically conductive
connected to conductors of a protective package

. . . ) . > by
matgizl e clasEicalhy condygtive natgrigl haging sinsdlectrénsh PQﬂdluyt“B‘fdr%@dlS greater
thar} $h decti&T B3RV PR cRHOPRardSRILKs, the probe mark can

decrease the effective life of the bond between the
wire and the termnal. Third, a probe mark can weaken

a t@r.n , Si i n ] .
3 GerHervofe sofRA AR, & (et 3 W 4 Bareo AT PeoEEB cqnauerive
mathigal 16d1§@6¢AOBhih theRobmn3h iadiPidasl 'ones afahe caZhonl nanesb&d that Gompose
the & d col. 3, lines 7-25 for a discussion of the

"nental effects of probe marks.) The foregoing

probl ens can be reduced by reducing the size of the
prohe marks and/or .by reducing the |evel of . .
4 di RPTR%CPYAE A tcIaREs: prspan ﬁ%r PJ@CtE?ai]é(t “é’na)i‘cflﬁe {gerial does not
sub§ibtfaB¢ arfedt fleb®m bembldRnt ofliEFidubincs SRIKD LAboPRERBHBEs on which

puncture marks 3802 in surface 3704 of term nal 2516
the ¢preyRtiyempEicHwr s dapossdachhiivhtospfienm af thhgabermaangfybgy omhich the
con@ERARE AREiKI i$dQBssiown in Figure 42, 49 WD 2008/ 048938

PCT/ US2007/ 081423 puncture marks 3802 are less likely

than the prior art probe mark 4208 to cause any of the

pr of| ' v ' f . .
A S
matpual ¢t dissedhwikin 380G Lhom betwtac@e8 d0the ofirboe nariondks dbtlé&mpose the
aﬂﬁﬂ@““ in Figure 38 are much less than discontinuities

created by probe mark 4208 and debris pile 4214 on the

surface 4206 5 of terminal 4202 in Figure 42, puncture

mar ks 3802 are |l ess. |jikely than the prior_art ohe L
6. rarl® St GERRIT 2ot b etk efieos Ry cghd ERE: materat i
dispokeireifouth RO SRAEILARO Yotk bilcdses PAGbn bOthPtalk@n. Mar ks.

The indentations 3902 in Figure 39 and the puncture

mar ks 4002 shown in Figure 40 |ikew se are nuch
7. Shafe %@m{g&n&&e&t@aﬂl OSWhtR ER oMY Edn§RisQhnSHEfifG vity, at least a

3704 of termnal 2516 than the prior art probe mark
portdpy thadeciradstly sonsluptiveqpateriah fHling e @avisy.e are | ess

likely to cause any of 10 the problens discussed

above with respect to probe marks. As shoul d be
8. appdeepting gmolseoindaikn U208 ré¢is theuoht dndrogelre ¢ohamn egrypronea contact

end(%lflat tcgnelpr@s%p & %)fill{ra%ty of protruding structures protruding from the contact end.
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mar ks 3802 in Figure 38, the indentations 3902 in

Figure 39, or any one of the individual puncture
WOoreooR9489892 in Fi gure 40. Moreover, probe nar kP@ROS20a8TI081423

debris pile 4214 disturb a |arger percentage of the

surface 4206 of terninal 4204 than puncture marks 3802

- erTrlfrlle %ﬁ{lt?gzgo%éa]c? E ﬂg i el?]etr%{{l Iggcrl]ls %ﬁ%%gf t%g géotgldmg §B’uctures at the

conthicsdndrdd tiof cotlumen carnlpstfsa&:e clagtodofofndtpertivnn af oi’s bﬁ the carbon nanotubes
thtpuncturg ggrks 4002 in Figure 40 disturb of the
ALIPPAELLS of termnal 2516". A contactor |ike
contactor 2606 of Figure 26 and a probe card assenbly
I|k probe card Iy 3400 of gure 34 are not. .
10-¢ hel rﬂpg}n% SRR afi TGHE fob b sco{iiaw AP g, adhcsive material
dispASHO MRE the coRBnFBeE SndIA tiRNArfbA Bak oMl s haB&Bose the column.

respectively a perspective view and a cross-sectiona

side view) illustrate another exenplary application in
11.Whigh s‘ﬁﬁhé‘ Wisiact At EAA ﬁ)omﬁfeﬁﬁth%pidh&gve i%qup@getd within the column
structures (e.g., Interconnect structures) an

subjtarttiatlp elopg altg(0length peithp eslomn4®0othe sgvond @mlmf tlseecoalmn
Wi ring substrate 4302 (e.g., a printed circuit board,
a ceramc substrate, or other wring substrate) to
12.whiTdk spohginmgad 04 cdeie htwiacdiedbe ddushowmecitmiaatinsuik@4o have a
an be 25 non-limting exanples of first spring

Wf%ﬁ%?%%ﬁs%?%%%?%iés and second spring contact

structures) can be attached to opposing sides (which

be exa | es of t surface and a seco

3su ?‘%hﬁéel)l%f AR LIE i b S e o A‘%fOHPB‘FeSé‘XIQW,ﬂPQ ofggversibly
def&’hﬁW@ rég"'orﬁ'd%ﬁ@d%ﬁﬁ SfthE€ &AM She ﬂx@éet&ﬁﬁheb 8pring property of

attached to tern1naF 06 on one side of wir ng
the golyaInrcQpBrise3 Gserigh wrepﬁérsgmaﬁ propggts,fingich of thegfiyayuibly deformable
regighd ached to termnal s 4306 on an opposite side of

Wi ring substrate. Wring 30 4308 (e.g., traces and/or

vias in or on wiring substrate 4302) can electrically

co . 1 hal
14, G 30FE P DB RE o Lo PR B il Pl PISLAENS: spring
conyieti ng substrate 4302 and thereby al so electrically

connect columms 104 on the one side of wring

substrate 4302 with colums 104 on the opposite side
15. of Thicrsprrig Sombst bﬁdlanABQ'&vheWﬂ the @o%ﬁﬁi&on@&ﬁ\esbeplurahty of rever51bly

non: | i in f rical nn ion
s bt RS AP L BPRES b sa e S o
the G610MA cBfipAYN@ R Y¥eric® GO STUEspBing RENEMS 6f SRE GF kRe@dv@iibly deformable
mentioned herein. Mreover, colunmms 104 can be grown
regigps-a sacrificial substrate (e.g., substrate 202), for
exanpl e, as shown in Figures 2-7 and 12-14, and
transferred to wiring substrate 4302 (e.g. usi ng any
16. of Thgepingctontagiafslaimldsyheseia the olugrmeppipsisesiep elegirically conductive
S I
matﬁlé% {hg]?e‘ié\lc\:nﬁfc%%y c&ﬂ%gﬂeartnétgﬁ%q‘%%n Saﬁlgel%ﬁltgé@lg B P%:tg\{l)t{y tH&' 8 greater
thMtaUﬂﬂmqueuuﬂugﬂmyeﬁéﬁCdesmnmbewemr ment i oned herein.
For exanple, columms 104 can be grown on term nals
4306 in the sane manner as columms 1604 are grown on
17.t erThiespdigz dn@4t d)frblﬁhlgm ederkinAhd 6Bt erisofytrd colanntraprises a contact
s 104 can be

end%&éﬂq&ﬁs:qg/gppfag l%%tﬂ,dgj(ges DigyrSs Sw?mﬁmg rflro% t%e cénrt]z?cgc end.
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the sane way that colums 1804 are grown in pits 1705
in Figures 17A-18B. Moreover, 10 colums 104 can be
WO e@8e89381si ng any one or nore of the treat menP&I/US2007/081423
illustrated in Figures 19- 22B or otherw se descri bed
or nentioned herein, and colums 104 can be anchored
to 0 i I |
1.0 B TRIPl FOPAR L BhAE MRP R A8l concs
endglyat umhpmses a ety of frotguiiresstrGirea pcbtriBig dromathe bartacn gnd
structures 1806 in Figures 18A and 18B or using any
anchoring techni que descri bed or nentioned herein. In
19. sornehespiddiofant & claid3, wdrtifims 104 can be |ike col umms

2204 or. 2304. Figure 44 il lustrates anot her exenpl ar ,
apphs EXHTB FOMAT I hel Efé‘il‘i?Hﬁsm&@k‘r‘“E%\ﬁla@élﬁ-E ihe, sféctgﬁ%@néonductlve
mat@@ﬂtlﬁ%’h% $h relb‘éiriéﬁleé’bnﬁ&tiglty tﬁa'ﬂ‘isegrﬁﬂmﬁ?ﬂ ai blebtGit 4l fB8ductivity of the
attached to termnals (e.g., bond pads) 4404 of a
carboa pREIHRFSCIEr di e 4402, which can be a non-liniting
eX aRP st Qhnd oMk | RS p&%ﬁl‘%@? a cditRt %ﬂ’(p %ha@ %n%ﬁse%né/ plurality of
type of sem conductor die. For exanple, 4402 can
profeesting jteisturas portinddng from da centsat epcage C|rCU|try, digita
logic circuitry, processor circuitry, etc. As is
known, termnals 4404 can be electrically connected
20.to theaprihg cantdct pf claine dr whedinithd ooldline cddhpEscandchloahtytdfusversibly
f.or nal s, power, and
dd@ Sgﬁéqy%ﬁ Hﬂ“ﬁ gﬂ' %%’ #%e lgLﬁl“Slng any techni que
or process described or nentloned her ei n. Nbreover

col ymms .104 can on.a sacrifjc bstrate
21 (. 4 P ¢ Byy0. ppreinge @xafﬁ%’ by Siirre gencraly
perﬂ%hgluﬁlaﬁtozhaleﬁgtﬂoﬂt%eMiumﬁnd transferred to dl e 4402

(e.g., using any of the techniques illustrated in

8- 1lB or 12-14). Alternatively, colums 104 can be

22. gr gWihelesirical eQchETUSTMAGMMIBIING e 4402 using any
applyiciaplfst-achnalaue or process described or mentioned
herei n. For exanple, colums 104 can be grown on
t erarneriighBy 4ligad icarbetheanstube cotamnepmarsing» plyrality 4bG4tically aligned

1] S 1504 in Figures 15A-16B. As yet

%%g é@g%%?égﬁgélve 30 colums 104 can be grown in
pits {atc sibwhxhd poldnes 431@Rached ttdehes aviengraybstritatand electrically
colu 180 ar rown.i.n pi.ts 1705 in Fiqures
SIRETRE Novsuar RGN RAHE B sl P PG gg e coumns
aﬁpbsit@ﬁhe bade eADIselipbsddheval feat the®irtng subdtiditer at ed | n
Figures 19-22B or. otherw se gescrlbed or, mention

her ei S CQHENCOMPERES & AN ARCCBR SR LASEY ﬂteowfl@%ﬁq#aﬂféhe column

44Dthe BB oflite ARRR: WhEr@GROEJ e dSbFkkCdIabties y(dQtaxially along a
shown) which can be |ike anchoring structures 1606 in

l:qng‘@roé solypp ixrsgpopsEogy fores apnhod s ths copday grd of the column, and

PCT/ UaR0Q4hfl %‘é&%maﬁ? @&%bt‘i\% lis e Hl%tcHﬁtgcct eﬂ@%ﬁhé B‘ase end.

Fi gures 18A and 18B ©or using any anchoring techni que

descri bed or nmentioned herein. In sone enbodi nents,

col 4.C c 0 2304 :
23. Canﬁlbggec’lgétgcarl] ﬁqq Q? 4 rggt&re 8% %@ﬁﬁs%gﬁv}lé{{elg 4T, (C)%E)ﬁlﬁ czloz}r%%lses an
eb@m&Myomumamenmnﬂumhlch d|e 4404 was nmde), and die

4404 can be packaged or unpackaged. Alternatively, die

4404 can be 5 unsingulated fromthe wafer on which it
24.\Was chmtizal Fomtacextargplre of ¢l ?ds whdinctae chetr@tilyacdddctive material

covers a substantial portion of an outside of the column along its length.
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to die 4402 while die 4402 is still part of the wafer
on which die 4402 was nmade. |In sonme enbodinents,
W@ 00810¥8938.04 can be attached to sonme or all ofPEHESWHITE31423
(e.g., like die 4402) on a silicon wafer before the
dies are singulated fromthe wafer. As nentioned

abo[\h% ehe%ﬁll%gl c%n ot str(lptblIeo rfecla;i)rgl &@ Egrel %ﬁengec%n{&g%cﬁgcﬁlgtwe material

is dtsp«ssbd syisgieons He@w&ﬁi@ﬁesocﬁf thd Quirom nzﬁotalmi that caste dervolhmn.
with a test process |ike process 3600 of Figure 36. As
di scussed above, in such as a case, colums 104 can be
26. at tekedtrical doatabi Sﬂtﬂbtﬁre&ﬁb&uﬁéﬁSMer&ﬁ 1136 elajﬁtﬂca%llp obeRictive material
2610 on. contactor 2606 can be re ced wit at
is dtSB‘?S:‘ﬁi AR gl ?aé‘i?ﬂnéﬁ‘n% BPA SUPPESHEC CBMms 104
extending fromterm nals 2616 of DUT 2614. |f probe
card assenbly 3400 is used as contactor 2606, probes

27. 26 e chntrice kiomiegestyeiecysichén G ovivharein the clesnowln amsductw material
doeg:ﬁl)tl%%ﬁargtgﬂy 6ARY flePin 6OIMUIRSNP Qflmdlzi%al dftQ%¢ th%%%on nanotubes
04, 2204, 2304, and 2304') as pr obes 2
on Wlmh Bbe perdubtive matnlgalelx aisppeed rglﬁatlsq)tq ﬂt@er@ cﬂftth@t:arbon nanotubes on
- ng probes, first spring
Wh%%n éaﬁﬁfﬂg%%?géﬁth%%hd spring contact structures,
or t est probes Al t hough speC|f|c enbodlnents and
t he inv escr
pllhe $ eg{élc?l cggttact osﬁructflﬁ & ? sl a1rn Q% o eﬁ?lg gl}e 8 I’}m%nhcé)tmptnﬁeég a plurahty of
proﬁrm@gwgtmemrds@rdttumage“d)rﬂ thesentsotenpl ary 20 enbodi nents
and applications or to the manner in which the
exenpl ary enbodi nents and applications operate or are

29. desfkicRefchiedofiabt stiuturceorah @3 faditdn @Mﬁﬁl&t@@ﬁbﬂﬁ fisposed around
are illustrated herein in which colums 104 a

the heseapded tho celpanovharia dhs matsriphanchern dea kage cpd pé Fbr?l Godumn to the
WHQ%S@%ﬁwkrlng substrate, colums 104 can be attached to
her electrical elenments on or in a wiring

substrate. In fact, a termnal can be a non-limting

ex I t %hﬁﬁ
30. ox Zi:%l ege,cgfca El)nﬁic? %&%ﬁ?gh% gllta%ggy A 0 dlj‘énrrl] ?{E g(inprisz% Zn interior
awﬁﬁ@ﬂmhd8@dnmﬂ@04nm@8@ﬂmmandsﬂsﬂmbﬁnmagcmeWI as probes

2610 can be non-limting exanples of spring contact

structures, probes, spring probes, first spring
31. comhacdlecsidalicdritscd Sstruéiﬁtfe(n’fdclaﬁf Pgwltpdih alkd caitdcti Ghdilo€She column

or. test]p{ob s. 52 WO quﬁi %§ PCT/ US2007/ 081423
compyixgsplurt ity RT S igs REgiRt MfECURE BOnpri sing: a

colum conprising a plurality of vertically aligned

carbon nanot ubes, the colum conprising a reversibly

32. deflderriestiecal agnies Bustser! gaim pdwhein GAch AE 0B%| einthe Htructures
t@lﬁﬂiln gg‘fr&ﬁqg‘&n%gend%f‘%ﬁe thems %rHﬁFibes E:Bﬁlra[h@y &f &iquoYtlons of ones of
def ormabl e region deform ng elastically and axially

theqnbﬁg%@mmbﬁgﬁwwcmﬁOfW@cebnmﬁn in response to a force
applied to the first end of the colum. 2. The spring
contact of claim11, wherein the colum conprises an

33.el él"clitereile@aicalycomtmdumiuweof damel2i ahgreinhtbe edlemn cpwatisey an adhesive

rnatFrhaﬁ du S%E)se\c/i?vgé 11 reI c%)ld)u ha\é Intv&%% ag el ?r ; Cacb%lélot}(’:]aogt% ‘%u %{tlct osc the

colunhe carbon nanotubes.

34.  The electrical contact structure of claim 33, wherein the adhesive is disposed within the

column along a substantial portion of its length.
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3. The spring contact claim2, wherein at |east a
portion of the electrically conductive material is
Wele@®po$saB wi t hin the col um on i ndivi dual onesPOF/US1987/081423
carbon nanot ubes that conpose the colum. 15 4. The
spring contact of claim3, wherein the electrically
conductive material does not substantially affect
freedom of nmovenent of individual ones of the carbon
35. naﬁﬁilbl@ttesic@hromhbmnrucmlhmfmdmmw@tfumﬁ:r pempridiagd an ichoring mechanism
dldls OS%ﬂ~ﬁ K éﬁfiﬂo ot hers of the carbon nanotubes on
SRRRT RO dne 8?‘1 GfiRoM Y hr i al is di sposed. 20 5. The
spring contact of claim2, wherein at |east a portion

of the electrically con tive terial is disposed
6. i (P FISEHE Comniiho et %fﬁfﬁ . SeEeRpthE 4REBHNR AerabEsanchors
thebﬁ@%n@@ﬂﬁ@&ﬂmhﬁﬁymgQhﬂﬂﬁmb&émﬁ The spring contact of
claim2, wherein at least a portion of the conductive
material is disposed on an outside of the col um,
37. Coa{th' NGedticd €@tach sgﬁ&ﬁﬂeoaf Qaih s C%H@Tﬁ tl?e aﬂ_@l%nng mechanism
spring contact of claim2, wherein the col um
cleaienefy cermscta theibasceanid of th@&vlutryl,to an cleesrieal teymingbert fho vinyfg substrate.
the electrically conductive material filling the
cavity. 30 8. The spring contact of claim1, wherein
38.t hd'hkialstricehdomtdct tstectigolofiminATpmihses thecohinacts digwsed in a pit
[of0] plurality of protruding structures
etmﬁ?éﬁ 2 n;ﬁ%g P3G he contact end. 53 WO 2008/ 048938
PCT/ US2007/ 081423 9. The spring contact of claimS8,

wherei n each of ones of the protruding structures at
39 { e R B AL TBHUEGR Cle 2ot o ﬂlﬁ%@] Qa3 Gechisplly gpmgfred to but
spa@AdpROfrbmaRscl&firi@nesmedt. t he carbon nanotubes that
conpose the columm. 5 10. The spring contact of claim
1, wherein the colum conprises an adhesive materi al
40.di Slﬁlg%féétr%lt Sinfhct fRicked %algﬁﬁmﬁr&p% cgfun{nhlg rﬁ%@ﬁakh%lly tuned
nanot ubes that conpose the col um. . The spring
to hawva prgtdeterminddaspring propeskyelagedon h@r@@lﬁé@ plesiringdirensty eflcach of a
| | of a length
rev 151?/h(f§fog1§ 1€ Pégﬁﬁg dis g& élgfg%b %In%% é)? hf%rbg‘l}]%lncol urm. 10
12 The sprlng contact of claim1, wherein the colum
Ipfo”lggre?eacﬁ]rllc% 001¥t éetusstrgl?tlu%]egocglé%l V\%edet %{emﬁnl%g V\lﬁgchamgm of the
coltnie ceaprikeR at taprireasvasiply udcdrinalle atgibe \déspsich| ongld length of the
1deformable regi ons disposed along a length of the
COGlum, the predeterm ned spring property of

42. The electrical contact structure of claim 41, wherein the column is mechanically tuned
to have a predetermined spring constant, the predetermined spring constant of the column
comprising a series sum of a spring constant of each of the at least one reversibly deformable

region.

43.  The electrical contact structure of claim 41, wherein the at least one reversibly

deformable region is generally perpendicular to the length of the column.
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the columm conprises a series sumof a spring property
of each of the reversibly defornmable regions. 14. The
W@ poosfagposont act of claim 12, wherein the predeP&r/bbr00T081423
spring property is a spring 20 constant. 15. The
spring contact of claim 14, wherein the colum
co I.se i of re | bl ef . e
4. o ST Bt NS on S IR R e
pr ededtercomfigdedstp comipl cotigs afithe déctrontveleciobsyinm
conpri sji.n series.s of rin onstant of. each
of AMuEiEYEFerEry Paby Btivemn Be BDer POt g ind
S pranREceRAl AN ld@dtivé k@iﬂlg} chRtactwhesteicnlidpbedd b]}}H’Ylﬂf the %lectrical paths,
conpr.i ses an el ectrically conductjve. terial, the
BIceshERg @arwt%wwmém&atp&rﬁgr 0#%1%53 anensf! sepen pagptubes.
conductivity that is greater than an electrical
conductivity of the carbon nanotubes. 30 17. The . )
45. spribgdest srstcar of Grinctaivhenes! thasping gontagiestiuctusg cosppyisg clectrically
confli@ive %a%i‘ﬁl HRPREH BESyctn 6RILAGhe Bk B’ﬂﬁ“ub@@fﬂa{ tetrsosé the spring
plurality of protruding structures protruding fromthe
congorftyetureend. 54 WO 2008/ 048938 PCT/ US2007/ 081423 18.
The spring contact of claim 12, wherein the first end
of the columm conprises a contact end that conprises
46.a plhartadti dyytef ofpelainr d4dli whersinra comace engprodttheidpnirg Eantmrt structure

the contact end. 19. The,.spring contact ,of claim1,
corfpRiStec Y of STSHT RO TR e R ER  cal 1y
conductive material, the electrically conductive
materi al having an ectrical, conductivity that is .
47 gr dapdest PHE ArCldme Mgt a0t oF thy stictifia progagigg from the
conRBNEHdWTess Séy?ﬂﬂﬁ chit@ctfstrli@ire@0shpAles e Bure By WIMInE PHIIBASESON@s of the
contact  end that conprises a plurality of protruding
carbonngpqtuhes shabpaspnosel fhs griteipntarestisetcact end. 10 20. The
spring contact of claim1, wherein the colum
conprises a plurality of reversibly deformable
48. 1 edlihgriest shistapoefeddainl 4 ghercinghgsiiingfconthet srp¢tuimeomprises Tp@dhesive
matgx[?{lldﬁ]s%g%(a%te%gen %{ le%t omo%g of %‘F ro%'tq%&l?ﬁonr r?a\ﬁgﬁlgéf&éﬁ compose the
efor I'e reglons are generally per pendi cul ar to
sprinfpeoritangtirtwé. t he col um. 22. An el ectrical contact
structure conprising: a wiring substrate; and a
vertically aligned carbon nanotube colum conprising a
49. pl urhaltést yysedm vedlainc4d, whelid GoeptingZédntar dhioturaid eddehascally tuned

mhereig: : .
to have a predetermined spring property.

50. The test system of claim 44, wherein the spring contact structure is mechanically tuned

to have a predetermined spring constant.

51. The test system of claim 50, wherein the spring contact structure comprises a plurality of
reversibly deformable regions disposed along a length of the spring contact structure, the
predetermined spring constant of the spring contact structure comprising a series sum of a

spring constant of each of the reversibly deformable regions.

52.  The test system of claim 44, wherein the spring contact structure comprises at least one

reversibly deformable region disposed along a length of the spring contact structure.
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a base end of the colums is attached to the wiring
substrate and electrically connected to an electrica
web@sosmsdf the wiring substrate, and a cont ackCEOS2001/081423
the columms opposite the base end is di sposed away
fromthe wring substrate, the colum conprises a
spring nmechani sm between the contact end of the colum
25 and the base end of the colum whereby the colum
53. defTiertest 8yt iof @lainy Sandhaxinahé yt khonge acvelséiigdbfoohable region is

congRl B s B RURG ke 1o ieh el Sehet i cally

conducti ve fron1the contact end to the base end 23
The el ectri cal ntact ructure. of cj ai

S
>4t heMhedrs r%ﬁst@wé Feacfs prhgn amubing v & REVR? 8?21 HggiFyl conductive
san?%@ﬁth@'stru@tﬂres HpoRlagtohbs af theMcaedal pithd)Ghel 8f Bk spring contact
aim 23, wherein the electrically conductive materia
strugtytes cemprismsplariyl veicelhonizasd @RbagIRastHkesof t he
colum along its length. 55 WO 2008/ 048938
PCT/ US2007/ 081423 25. The el ectrical contact
55. st rlhettest eyseém of glarm 23, whtreingings phtheepang eordest [siructures are probes
e [
w1t1¥ 9&9%@ %ﬁc}/ fo%&nq{)ctlﬁé rt]ear%%o a%bcii‘gtgf E %tlrcﬂucr gegf'w%gf\?{llge?%bgﬁgﬁﬁr.obes cach
(mnﬁﬁmeihbnéhaﬁhmﬁmaﬂydqmt@ctbmﬂwnmmume of cl ai m 23,
wherein the electrically conductive material 5 is
di sposed on individual carbon nanotubes that conpose
56.t herheatsiBysten? 6f clhine 568/ witdréih @adonotdndCdl cath bittht peobds comprises a
h g126 mherg%? F Iectrlcally conductive materi al
PlugyoT FECu P EREIeT) hreBRE Pleedom of novement of
i ndi vi dual ones of the carbon nanotubes on which the

conductive material _is dlsposed relative to others of
57t helhedgshorsternpiotlaime: saeh of onganf e RrpBLHRhHIEHT et the contact end

conPRk&'d | ﬁﬁrah@ of bﬁpﬁﬁ@&s 02@1‘165-&’I 916%51%815 Eﬁlﬁ)ﬂbeg@lﬁ{ &dpose the probe.
structure of clalm wherein the colum conprises a
plurality of protrudlng structures protruding from
th t . :
58. st ?[&l%?%& %g{e &fclanll 2’53 %er-g{ﬁh gral gﬁﬁr}% {%g%sn%o%%r al,naﬁdheswe material
dismbiss#mtﬂad atiteasi pdrt of g fyalsebawdenodnet hethe ahtom nanvtdreeithmt compose
mat eri al anchors the base end of the colum to the
ri'ng substrate. 30. The electrical contact structure
of cl ai m 23, mherein the colum conprises an interior
avi t and trically conductive materia
59. 7 G fihvst e 16 o504 iring Compisthgrinigyal dikpote Flough 6 e cnd of
eac§ bf ﬂl@tplﬂdi‘t%s Ghe 6119@' ofitl Bding \bﬁﬁds&b thel ¥R ta6OMHIAGher@Mcth®atdii@l anchors
nprises. a plurality of structures pr ot rudi ng
mﬁPW@ﬁiﬂﬁ@“&BﬁFﬁﬁW“@ﬁém”§§632 The el ectrical contact
structure of claim 31 wherein each of ones of the

structures protruding fromthe contact end of the
60. c ol Tharicst &xsisn] afecdaim 351 wherrintopchogf theypropesyis msakanishllyyaed to have a

pm&&mnﬁggsﬁﬂkﬂgamg§notubes of the one of the col ums.

the %o

61.  The test system of claim 55, wherein each of the probes is mechanically tuned to have a

predetermined spring constant.

62.  The test system of claim 61, wherein each of the probes comprises at least one

reversibly deformable region disposed along a length of the probe
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33. The electrical contact structure of claim 22,
wherein the colum conprises an adhesive 30 materi al
Wele@®po$saB wi t hin the col uim between ones of theCT/HS190TI081423
nanot ubes that conpose the colum. 34. The electrica
contact structure of claim33, wherein the adhesive is
di sposed within the columm along a substantia
portion of its Iength. 56 WO 2008/ 048938
63. PCTId320 8yst8 b4 28im 38, whheinethe predeahincdsframgt constant of the probe

structure of cl n122 further.c Si n_anchorjn
compS M oG U SR s SUTER S AR e G ALTBT Op i g formable
regions36. The el ectrical contact structure of claim 35,

wherei n the anchori ng nechani sm anchors the base end

of the colum to the wiring substrate. 37. The

64. €l el%tertés‘?e @&st@ﬂ@ RF atm FLI Wﬁér‘éﬁleth@fat Ehaionk 3&5ers\ﬂﬁﬁ ldefoRndtI€ region is
anchor i nl%tgrrec anism electricall y connects t base

gengilly pereisubes fathm longtheh theicelmi cal ternmi nal on the

Wi ring substrate. 10 38. The electrical contact

structure of claim35, wherein the colum is disposed
65.i n fapyeb¢ carépsshmblyicomphisingii ri ng substrate. 39. The

el tyr | A . [

s el S BB PSR NG AR Bllured o
amﬂhbe@mgofem@amuﬂmemenand40 The electrlcal cont act

Str ug fétgl q? §16{3 rlﬁ%lgl c%ngucf,tllve 8préngppr8§eé tcgrrnmlﬁg% c%nﬁact ﬁnds disposed in
a pawfeﬁﬂﬁﬁttcy)rrb@fbﬁds ton pAttSArof @Smina oFfhcdel Sfprohio Gle pic &P earchy)f e probes
each of a er3|qhy def or mabl e reglons dIS osed
comgbig > VO VoF cHlne B bon e besriiieh &f e i comprising o

sprif® Heditehisit whGEBI tBe Plobs He¥bims? #h reVidREeion: foR8 apPliddg the contact end
nmechani sm of the columm conprises at Ieast one

of therrabsPtoptager st ihals|cerenagiairesickpbetly 2ad Briglimotingttis gencrally

paranel '&Ihﬁa dﬁéﬂtﬂd%f‘[h@%t@@ The electrical contact
structure of claim4l, wherein the colum is

mechani call'y tuned to have a predeterm ned spring

66. Conﬁlrt@r%%be c'illtzleas ZFBP&W wWhPlel NG OPRL § H)tbeé)go S}ﬁﬁes electrically

nprising a series sumof a spr ng con
condrﬁctleamt@fal tihyposad oh eadictvore onewvef élﬁbiagbOdefamtmwsltbat compose the
rogeglon 30 43. The electrical contact structure of
PIO% ai m 41, wherein the at |east one reversibly
defornable region is generally perpendicular to the

67. P %f}l@%ﬁfﬁ%@) }rfng)f Clggn gg) ZhCIQG%‘/l gafé 9%%16 probes comprises a plurality

of structures protruding from the contact end of the probe.

68.  The probe card assembly of claim 67 further comprising:
a wiring substrate to which the probes are attached; and
material disposed around a portion of the probes, wherein the material anchors the

probes to the wiring substrate.

69. The probe card assembly of claim 65, wherein the contact end of each of the probes

comprises a plurality of structures protruding from the contact end.
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44. A test systemfor testing electronic devices, the
test systemconprising: a tester configured to contro

wo e@Biossy30f the el ectronic devices; a plurali tRCDiS2007/081423
el ectrical paths between the tester and the electronic
devi ces; and an electrically conductive spring contact

70. 5 THELHAE AlSROSES §10R%90kch B SFIL 6 Rl BBLNS: conflet end of
t he sﬁrlng contact’ structuré conprising a p?uralliy of

cacl ef theqabtiey calmpgwred phanlitgof radponibesof dfss oTHe dad®h nanotubes that
system of claim 44, wherein the spring contact

“mg%ﬁﬂg%aP “conprises electrically conductive materi al
di sposed between ones of the carbon nanotubes that

conpose the spri ontact .structure, 10 46. The tes
sy E&% A SEIbfY oGRrLOh fgtheb AR Ngrig™ BRRershestrate, @ bse end
of &R I07Gh& PRILBS hdifkddUfol thE Bwirie TRPJLBRShYR aR | ddh@lviet ¥adf of the probes
structures protruding fromthe contact end. 47. T

he
conpaising sy SOIEIAN off e Aidhssns, wighed ditp tha@FPbST begess @fes tdethe carbon
nanStub4Gh M ERpREAd HdbdNg fromthe 15 contact end of the
spring con?act structure conprises a plurality of end
portions of ones of the carbon nanotubes that conpose
72.1 NrHRRARCROIALy BF LGS Y5 Subctn wlEnEaR! is LRI Ahin cach of
claima : erein 1he Spring COnt act St Uct U
the pobpyrdloes lanptladfwe ddavtehalfrditlemiretic fdins tho dest doé bfikhe proht.
| east portions of ones of the carbon nanotubes that
conpose the 20 spring contact structure. 49. The test
73. sy sithe ffrabk caldakstnmbdy, ofwhiim &b furthee capprisitg: cont act
structure is nmechanjcally tuned to have a
pr &d¥F8e HHEYC ?p‘f"ﬁlﬁl@&ﬁrp St 55 ttsghegnd The  est system
of edt@iandiposcahnas@idna HbRios Tl Y pecHat, aehersih MHE tdkc@ial Snchors the
mechani cally tuned to have a predeterm ned spring
probss i the Feirings3ubstiia t est syst em of clai m 50, wherein the
spring contact structure conprises a plurality of
reversi bly deformabl e regi ons di sposed along a | ength
74. of Thaerahgrcaigsearitaet clany 15 thergin thhmategal ghectriratle coringets ones of
the BROLNA AN AOKic B ol B AOT: GO AGH L T UCtur ©
onprising a series sumof a spring constant of each
of the reversibly defornmable regions. 52. The test
75. 2%’?1&1?6[{)‘6(?% cia%)dﬁ%%nébi’ og‘l%fﬁn:‘é@ tv&hglﬁeéﬁc’ R{el gcg)resg ?r%f ﬁs%tosed on the electrical
ternaledlor mabl e regi on di sposed along a |l ength of the
spring contact structure. 58 WD 2008/ 048938
PCT/ US2007/ 081423 53. The test system of claim 52,

76. Wherhiphoteh@rdadssdn@ds bf €lRieh 748 \edeiiny pedko hidadNpBsadeipRfetched in
[ general ly perpendicular to the Iength of the

IS, . 9

the wiinerybesifane thelsetiqelicanings sue spaegd apassiyors (hormaphes f
claimd44 further conprising a plurality of
el ectrically conductive spring contact structures

77. di sipeebeicardareambty of teimetde pheictedacihaf s prabach neschartigally tuned
to hatd d ﬂgdéf&ﬂﬁ@e‘atspring property.

78.  The probe card assembly of claim 77, wherein the spring mechanism of each of the
probes comprises a plurality of reversibly deformable regions disposed along a length of the
probe, the predetermined spring property of the probe comprising a series sum of a spring

property of each of the reversibly deformable regions.

61



10

15

20

25

30

structures conprising a plurality of vertically

al i gned car bon nanot ubes. 55. The test system of claim
WG 20080k898%1 N ones of the spring contact structRCEES20B081423

probes 10 with contact ends for contacting term nals

of the electronic devices, whereby the probes each

conpr.i I I . vertj I [+ @n .
79 e et ¥ Qi G el hoffal AR BROLEE Bapicyly tned
to heord medet@mdhedfspacdongthntt he probes conpri ses a

plurality of structures protruding fromthe contact

end. 15 57. The test system of claim56, each of ones
80. of TthdepréticotaididisB@bEt sfudiith 2% valicrdil €hcCpiing Ghecsm of cach of the

conprises a pluraljty of e ortions of ones of the
proes BB ALY Pater Ewp%g%ﬂe\aﬁs TR Otedisposel algpga dength of the
proy Shee Pre@éteitlifddRpeiag ORQERIJIT BAGRLEfcolPasiRE ADRSies sum of a spring
conpri ses an adhesive material 20 di sposed within at
conptanof caghof thefreverably defloenabds iReieRs- ones of the carbon
nanot ubes that conpose the probe. 59. The test system
of claim55 further conprising nmaterial disposed
81. ar dimdrrebebersé assaaiblyf of daighopfwlhchan protysiag mdsbars of ench of the
[ [ rel teri
prolgeﬁ gﬁ%}prgé%g g@e%sﬁgﬁ%gveegﬁg]%%t%{‘%ﬁ%@% Be\é@%tdggpgse@mgfolngg l&lrgltha&f the probe.
substrate. 60. The test system of claimb55, wherein
ea of .the probes i chanically tuned to have .
2. o eetapin reb SR ST Bary y st h e’ Pudfgy B atgformebie
regioh iscdeaeratlpperpstlduRi to tharhgtafof thagrgpeobes i s
nmechanically tuned to have a predeterm ned spring
constant. 62. The test system of claim 61, wherein
&yeaqhnﬁﬁx&ﬁ@wﬂﬁ@ﬁgﬁgconprises at | east one reversibly
def ormabl e regi on di sposed along a |l ength of the probe
59 aNOrg OBP B 0TBPIBETE S0 TroeN4 21 opRite yiqend wifpce;
syst Iﬁ{ﬁlaﬁ'fy & e@écmcéﬁy CMmﬁEt@\l’enﬁl_tsh%rﬂé %qﬁ'tta@t_rs@u&%s SR{chdlBg from the
constant "of the probe <conprising a series sumof the
§pit pdpce ohthe anbstrate, wharhinghch ofethafirst sprig contactrseviepssh pypprises a
ﬁﬂagg reg e test systemof claim
g§%£1 eré%%yﬁﬁ%kg?%Fggggégﬁggreversiny def or nabl e
r egidurality of glecteralyl opnihetipesmdomispaing tentadh etricame dxtanfling from the
ge'%%nt?s%'r agepoft eSSub%Afra%;%Qc? card assenb! y conprising: 10
an efectrical Tnterface to a plurality of
C orshdtricalntomb&ionh amoedts tHeosudsttAs tREtricanf t@umeathgt @nes of the first
control testing of elec%ronic ﬁevLces; and a plurality
SIS CERIPTSEUT IS WA ABRSAT VI SSERE SE T OBBE! BB T si ng

contact ends disposed in
84. The interposer of claim 83, wherein each of the first spring contact structures comprises
electrically conductive material disposed on or between ones of the carbon nanotubes that

compose the first spring contact structure.

85.  The interposer of claim 84, wherein cach of the first spring contact structures comprises

a plurality of structures protruding from a contact end of the first spring contact structure.

86.  The interposer of claim 85 further comprising material disposed around a portion of the
first spring contact structures, wherein the material anchors the first spring contact structures to

the wiring substrate.
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a pattern that corresponds to a pattern of termnals
of the electronic devices, each of the probes

W@ ovpo#sBsg a plurality of vertically aligned BEr/b82907/081423
nanot ubes, each of the probes conprising a 15 spring
mechani sm wher eby the probe deforns, in response to a
force applied to the contact end of the probe by
contact with the electronic devices, elastically and

&7.1 n Thedntegpobdran cldiat83] svhgenes abhtyct qpdrodilchel ofmht Hirst spring contact

direction of the force. 66. The. probe. car ssenbly of
struoleS s Tsetn ahfiey Sfdenr® b G BERE e s Eade
el ectrically 20 conductive material disposed on or
bet ween ones carbop nanqQt ubes that conpose .t he
n%s at the contact end

f th
8. oy J@@.lﬂ%@?se?ﬁgcla%gé esh of onss ehihieypreffudigastmety

of MAESBhOiRRGHRIG cohthe sRIARBS cHRIMREL $ fRrafityPbfing pbftdons 8f ones of the
structures protrudlng,%ron1the contact ‘end OP t he
B

carbonggeotubyes thegcommpse fie Al Sprateroa S HEyCof cl ai m 67
further conprising: a wiring substrate to which the
probes are attached; and material disposed around a
89. porkhicontegfos¢rhef grioh8s, whieined hasehadneft @ch aif thi Eibrspring contact
pr 0 ML st.r .3 9 r
okl iBOREE bb Ok RS AR B ack e P Sl Pl contac
strue@ady cofnptikieg probes ofctbepdhcses vacksduntl tht irgfspring contact structure

struct ur r.ot r udi fromthe co ct .end. . 60
et A SR R R B T e 58 M el Koo aiure.
assenbly of claim69, each of ones of the structures
at the contact end o each of. the probes c rises a
90. o1 JHhgIHEPOLSE Oﬁﬁlamb%?r %Hﬂ&ﬁfswestfpﬂawggnﬂé@?wf H‘ép%ﬁ‘f ond s portion of the
first\PAAE UORSct bid@tures; AMBREELhE AR toPbOBRhord thé Kirst kpAnPEQRR! structures to
card assenbly of claim®65 further conprising a wiring

the wigesuhtiete. a” base end of each of the probes adhered
to the wiring substrate by an adhesive, each of the
probes conprising a portion of the adhesive w cked
9L i ntldhetinterppsasioé cloen Weewhapieghomatehial dentiaty cornsots wbpessof the first

sprié? Qtié:n[tagc? %H%%ﬁestt %n&ro?«b:%ﬁtéi%% é%rﬁﬁnaﬂ](ﬁl e %?r?&%ﬁfé%ra?es senbl y

ereint esive Is S Wit hin
each of the probes along a length of at |east half of

t he,probe fro Lge se.end of .th rebe. 73. The :
52 or OB, QR HoBLRATY ‘o COPATead PhshBR ol caitfy sgures s
medhaiiicdlly tendded hatear fradcvdiintod tfrngpondaes. are attached; and

15 material disposed around a portion of the probes,

wherein the material anchors the probes to the wiring
93. subrerifde®oser of claim 92, wherein the spring mechanism of each of the first spring

contact structures comprises a plurality of reversibly deformable regions disposed along a
length of the first spring contact structure, the predetermined spring constant of the first spring
contact structure comprising a series sum of a spring constant of each of the reversibly

deformable regions.
94.  The interposer of claim 83, wherein the spring mechanism of each of the first spring

contact structures comprises at least one reversibly deformable region disposed along a length

of the first spring contact structure.
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74. The probe card assenbly of claim 73, wherein the
material electrically connects ones of the probes to
W@r@s/0¢f3el ectrical termnals on the wring subGI/D81087/081423
20 75. The probe card assenbly of claim74, wherein
the probes are disposed on the electrical termnals.
95. 76'1%1!%%‘[683%9%.6&00%{11% @4?,’ qu{épelny thoef atclleags't ghg 9@2@% aéfgnﬁﬂ)?e region is
probés are di sposed rn pits etched in e Wring
gensalhg perpdreicatud td the leapthof rhedadt speugtonaksst@cares paced
apart fromthe probes. 77. The probe card assenbly of
cl ai m 65, wherein each of the probes is nechanically
96.t UN@@d inte@pddaver alafmh esdetveicraimneachs pf ithtg sqabaPepiing cdfact Structures
The prqbe card as eggl of claim77, wherein the
“mgﬁ??ﬁﬁ’W%EWéﬁVgﬁ?%b’ g catbop panoticihes conpri ses a
plurality of reversibly deformabl e regi ons di sposed
along a length of the probe, the predeterm ned spring
97. pr operitigrreseT 1ok slap e wbgmBraach aths e rPE8S seMHacHpirgctures and the
secotfl §t8lg RLRPE LtitnREs @&%é}isei cleBSicAIRY Bl ﬁ%@l@ﬂn{ﬁ%o@ed on or
regions. 61 WO 2008/ 048938 PCT/ US2007/081423 79. The
betyeplymes af theazshontyiapotybescthati ¢on@®se Wivelirst sprinsgchnteét stiyeture or the
' ically tuned to have a predeterm ned
Sea%%%?ﬁ%g%%ﬁg %ﬁ?ﬂﬁ%o. The probe card assenbly of claim
79, wherein the spring nechani smof each of the 5

praobes conprises.a plurality of .reversibly defor | e
9% conmu eGPt e d B dubatylhe bF TR sREITHTERS and e
secqidespeih € ot dtri@tire gora@isst apluralfty oli gtrgt@be peatPing Siofga contact
a_serjes sumof a sprin constant. of each of the
endrOé%ﬁgft6109%%%%%%@%@*Fﬁ‘oﬁﬁfgqndsﬂmmgr%ta& BBEESr d
assenbly of claim65, wherein the spring nechani sm of
each of the 10 probes conprises at |east one
99.r eVide dntppgsey ef drirals frthagpyaidE posed al ong a | engt h

of ArliemPNERRGispo&d- ardi@ PHRREn GAIHL %ﬁ@mgxoﬂﬁct%ﬁ&m@s, the first
81, wherein tﬁe at | east one reversibly defornable

mateigg) japgholisg thedisst apting qoataplestidetorss & the inigesubsiragg: Abf t he
pr %cheo“nd ]féaté?f' 1 dépoée&]tdﬁoruﬂg ﬁﬁoﬁgo%m{thé bddnd @Jr}%grdoﬂ‘gct structures, the
substrate conprising a first surface and ‘an-opposite
secaeourictiab amdhagey tha sqgpbud giring yoghct stredtires todhd yirognohsoticy e
first spring contact structures extending fromthe
first surface of the substrate, wherein each of the
100f i rBike isferpokg of GMidct6, Stheiedd bilcestad e rof ech &f thplfitstadptihy contact

vertically aligpe arbon nanot ubes; 20 a plurality of .
s pn &S0 ERH e YA sE NP LR PO SRR comptides  pluraity
of s&hidtlhGt plogsdiay fiemdhdentdcodndt he second surface of the

substrate; and el ectrical connections through the

substrate electrically connecting ones of the first
101.  The interposer of claim 100, each of ones of the structures at the contact end of each of

the first spring contact structures and the second spring contact structures comprises a plurality
of end portions of ones of the carbon nanotubes that compose the first spring contact structure

or the second spring contact structures.
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spring contact structures with ones of the second
spring contact structures. 25 84. The interposer of
W@ L@BB3I wherein each of the first spring coPCHUS$2007/081423
structures conprises electrically conductive materia
di sposed on or between ones of the carbon nanotubes
th . ir pring contact structure. 85.
HnThg%Fﬁ?§%E%€§$&%$“%$gﬁ%? 4, wherein each of the first
Spratnge adntfaeth cftthaitispesg congat siaesuresd® adhepddun allel wiying fubstrate

st.ruct.ures protrydi froma contact end of.the fj.rst
by Y A Eam et ob PP B bR ERnsRisiia gy pegtdy it first
adh&vd ki intd CH¥PirktSiphigg waikitedti seictOicSeosed dacoofNthe &arbon nanotubes
portion o%@the first spring gontact structures,
that gREPRHNG Hist WHPEFPUIC SMEHEPS "t he first spring contact
St rUBdsblleB off Qact BEthM debdid speiRS tobAth&: stfdtudl 12 QIRAGH 8988 wiring
PCT/ US2007/ 081423 87. The interposer of claim83, o
subyifaés BY ¢ secemshedieriverrachof db hecghd spréng Pangact sfspqtygs comprising a
porﬁcﬁ%ﬁﬁé secditd AL ERiRQRII BE §GC§IICPLIH{IIQleItitXCtgtl”ucﬂll”e between ones of
structures protruding fromthe contact end. 5 88. The
the parbey pog@besghatsbmperc 8K, sceqndlspafig eoméast sifuctuhe pr ot r udi ng
structures at the contact end of each of the first
spring contact structures conprises a plurality of end
103poﬂmh@n@pa&roﬁ@&nﬂﬁnhhmxcom@b@mgnanotubes that conpose
I B B e R e A e A M
matSfddllafgho€i0 tha Eirst sprdhgSdontact st &tSirek $o el haxdigtbubaratdiendM ri ng

substrate b n adhesi ve, each of the first spring
conf mﬂéﬁffﬂ 3%?88% TEHRD T &' ?)F?CPB‘L ‘e fgiac siructures, the
sec@ANBRENLE aNdh6KBLhE Bdcond Min% lcbiSthet SREJNNEs ©ARS WiFng substrate.
structure between ones of the carbon nanotubes that
compose the first spring contact structure. 90. The
1041 NUGELRASSEscPbr Ghitd Mr8Rndrtiht her conprising materi al
di sposed around a portion of the 15 first spring
corthafist meierel decgricallwhemetts ondreofitg Bist giiring sehtaetssirufures to ones
T O . i ring
of i S Rbn SR bAGy AP RE T LIHEL B AT phihe DT ALY oi e
mattkes scabndethetetialictairicyllyc onmeds snasé shegkcdndespfing gtntact structures to
spring contact, structures to ones of . electrical
onef BE e oha SRURS] R BMGIF IS SerBy PUFiZe b yG T e
i nt erposer of claim83, wherein each of the first

spri.ng contact structures is nechanically tuned to

105, S PR T R B g constant . 93, The
I Nte@PEsRE fiRf spingicontA strifigre®isimdcheni Sl ititd 18 8RNI HBdctermined
of each of the first spring 25 contact structures

spripg Ateakand, plurality of reversibly defornabl e regions

di spasef akofdom sbﬁqggtchm%t tstpl?cu]fr.bsr $d rﬁ&ﬁﬁrﬁ&ll?oﬂﬁl@@tto have a
structure, the predeterm ned spring constant 0of the

preqaterained SpringeLongyKt act structure conprising a series
sum of a spring constant of each of the reversibly
def or mabl e regi ons.

106.  The interposer of claim 105, wherein:

cach of the first spring contact structures comprises a plurality of reversibly deformable
regions disposed along a length of the first spring contact structure, the predetermined spring
constant of the first spring contact structure comprising a series sum of the spring constant of

cach of the reversibly deformable regions; and
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30 94. The interposer of claima83, wherein the spring
nmechani sm of each of the first spring contact
W@ 0804898%8s conpri ses at | east one reversibly PCT/US2007/081423
def ormabl e regi on di sposed along a length of the
first spring contact structure. 63 WO 2008/ 048938
PCT/ US2007/ 0 3 . The interposer of claj 4, .
on &t AT e SOt ety LGP ShpaPiser a Bl of, geversivy
deformablgerngioas |disppexdpanog culeaptht of thve s¢condjtshrind cohectf strsture, the

ring.contact structure. 96. The interposer of. claim
predPifrmifid Sgine Ol SF o SBE BTy TE By Qs a SeriSs sum of
the Sfrfnig@batas of &ck ofhE kSeSibly gdfohablictrygiofs. vertical |y
al i gned carbon nanotubes. 97. The interposer of claim
96, wherein each of the first spring contact
1075t rineliME@sscabek1hibeos, Saeemd spring contact structures
conprises electrically conductive material disposed on
or cageefibefrshpEmzsPnipsiStragilss GOHRTEE fBBEIhak rergpplysdeformable
regiu?se _difsb(gsé(ﬁ afRb!aN@n&l ngragd sd rsHﬁlfll% EéntMt s%rﬂ&ure}@zhér%ﬁloﬂﬂg reversibly
spring contact stfucture. 98. e Interposer of claim
def@mablgtegierisaregenprally perhendiduiag to thp kangd) of dhet fasitspring contact structure;
angStructures and the second spring contact structures
conprises a plurality of structures protruding froma
corhectof tbecseaindt kyeinfi cwitacs prrictgres ombepcisess b r platalitye obreversibly
e BB SERBE SPOLASARBL RSy BhUSLURESpuf i . whorem e
revdtBbBrdedrmdbls pogieds at @undalyy papdnidnladto tHaclchdth 9F ti&pdced@ spring
contact structures, the first material anchoring the
conpaCt SOUCYSy i ng contact structures to the wiring
substrate; and second material disposed around a
portion of the second spring contact structures, the
10820 A ereefds et Brakiae am cﬂ%ﬁrtﬁl‘i?gyt FRNdEERE n BOTEgSH | HgICBBRt Bt process
conphikgt ures to the wiring substrate. 100. The
interposer of claim96, wherein a contact end of each
of obkening ¢ eqlurap eorngyisenerat Eerelityof perticallyedigagsicatbos oanaieties; and
end&d@i_fn %@% &lflur{nh ﬁ’.()ﬁleé: ﬁ&? eﬁc? bf B8 SRR, §chﬁ'cf: Bﬂ#o%ﬁe end of the
conprises a plurality of structures protruding Trom
colunhrearcdertaetly emdluct®s mddrial, The i nt er poser of cl ai m 100,
cacreBrn TErgr iy Ll H5° b ot sl AEhREe dRcconducive
matSed bada SPoiddectidnal emidu@ivity eHat is@Seated tianitisersteel qutrittabBddntiyctivity .
of end portions of ones of the carbon nanotubes that
conpose the first spring contact structure or the
1095 € CIR0rEE¥s B8 chRit BT whifoltf tHe @Rling3BorBistisWDIRPOBL 4B ductive
PCT/ US2007/ 081423

material in regions between ones of the carbon nanotubes that compose the column.

110. The process of claim 108, wherein the adding comprises depositing the electrically

conductive material is disposed on individual carbon nanotubes that compose the column.

111.  The process of claim 108, wherein the adding comprises depositing the conductive

material at least in part on an outside of the column along its length.

112.  The process of claim 111, wherein the depositing comprises depositing the conductive

material by atomic layer deposition.

66



10

15

20

25

30

102. The interposer of claim96, wherein: a base end
of each of the first spring contact structures is
W@ws4s938 0 the wiring substrate by a first apkiEER2007/081423
each of the first spring contact structures conprising
a portion of the first adhesive wicked into the first
spring contact structure between ones of the carbon
nanot ubes 5 that conpose the first spring contact
113st rhetpuscess afdhim Hdsehenil thé dgmsiing compueses demnting plid cpgrductive
tcoqi?ac st ructures Hs adhered to the wiring substrate
matptial by SAEiGY VAR SSPPE O ach of the second spring
contact structures conprising a portion of the second
adhesi ve wicked into the secaond spring contact. . )
1451 e Ree R S g beigin 165 AEPosiaps SHTHARD CBiLing g conductive
mat@IBOSHutlhfg second spring contact structure. 10 103.
The interposer of claim96 further conprising: first
materi al di sposed around a portion of the first spring
115€0 nﬁh@%&oc%%%#c‘idi‘ﬁﬁ%& Yheih 'tﬂééolun'i@&cﬁﬁﬂr&ks @H&Hb% infgiot B@ftion, and
first spring contact structures to the wring
the addyzg qoatpeisesaistossiemshdcandt@ivie alatadiakiptostbelhel lopuintbrigr portion.
portion of the second spring contact structures, the
15 second material anchoring the second spring contact
116st ribetpurces df olatriné 1 wiwhiereip the bsliavaingerio pPektiolbrgends an entire length of
t erposer of claim 103, wherein: the first materi al
5@?Tically connects ones of the first spring contact
structures to ones of first electrical term nals on

the first surface the wiring substrate; and.20_the :
WsecdficPste of &gy Bt pgah (P COHRB RGBS I it the Conductive
mat§§4 ANKask BT paiGbnCAudde oF tfcohiines to ones of second

el ectrical termnals on the second surface of the

Wiring substrate. 105. The interposer of claim 96,
1 ISY\h & EhBees§ agh nﬁi{in%h &n f éléc?rticaﬁg) I bAu&Rat @&ﬁac%t gtHl%{uﬁ’H', €fhe process
I's mechanically tuned to have a predeterm ned 25

comppsingy const ant; and each of the second spring contact

or SRR e R AN G bl 2P o R crtop apongess and

cl aipplyb@> trodtecei to; a 8ontaachd of thdeolfrinnsthe gprinmyt creating pointed

the Ig({l

st QRS 8L AL HERUEes, Bl ses a plural ity of reversibly
eforng regi ons di sposed along a |l ength of the

first spring contact structure, the predeterm ned

sprin const ant the.first spring contact structure
193D ReacRS 3 B 1 B Tt Rty Bl Ay B gl oRd of the
colg@ach of the reversibly deformable regions; and 65 WO

2008/ 048938 PCT/ US2007/ 081423 each of the second

spring contact structures conprises a plurality of

120" evl%%%hk&:éé of claim 118, wherein the etching comprises reactive ion etching the contact

end of the column.

121.  The process of claim 119, wherein the etching comprises sputter etching the contact end

of the column.

122.  The process of claim 118, wherein the applying comprises mechanically imprinting the

contact end.
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def or mabl e regi ons di sposed along a |l ength of the
second spring contact structure, the predeterm ned
W@ poosfagposnst ant of the second spring contact BCT/US100T/@81423
conprising a series sumof the spring constant of
each of the reversibly deformable regions 5 107. The
i nt.gr | e
123 ﬁl Q%%%t (Sa%f ctlaci‘rhlal lg] Eerrgl\é}'qg% ﬁ%}rrl]yné & ngpr?sﬁs #Jg?&r{%/e{g%&st the contact
endrcifvthe gblop aﬂafod)dm@luioé comegsions rdolﬁmm tal ongspant enghdpointed
¢ of the first spring contact structure, wherein the
U8y sibly  deformabl e regi ons are general |y
perpendi cular to the length of the first spring
contact stru 10 and each of the second sp

re;

1240 o RHEGro&e QL e lias 1Boipriceqns ) f Qeinsy WCP%%?%F gogpprise
pludByQT BB RS RDF RS A kRRAHBA nalANEs 8f theB&ltn Of t he

second spring contact structure, wherein the

reversi bly deformabl e regions are generally
125per}pe15}gée‘§yl il n{aﬁln%hgn | 8&%&119“ c&rﬂﬁctﬁ%cg&gaﬁ pgtfu@ﬂlre the process

contact structure. 15 108. A process of naking an
COﬂwll’lelclilglrl(:alIy conductive contact structure, the process

Corgg)g?xﬁﬁg ﬁ%aéomﬁgglngafﬁh&”ﬁa%dggl 14 r%d%l 15)83 na{l(%‘tubes the

(mhmmememhMMnaﬁmnmgeﬂﬁum@mnénd of the colunn to a second
oppos
contitine & daParhar e FRTErEMel BER R pugrorag grucur
anchBorfrigrthd codlmciorthealringa@ubhtatei vi ty, and the conductive
materi al has a second electrical conductivity that is
greater than the first electrical conductivity. 109.
126 Thernescessor@fairk 1125, ke dn thok8GinMs hikRhadleian@sCOMNBE ESSn to the
di sposi ng the conductive . 25 material in regi ons
wirggt WhEHtonEs BPViliHe ©AHBEHE ndapetilite nateRl cOBRpYae thhanchoring
strub@FiBund bifse Ik RIiREESs of claim 108, wherein the
addi ng conprises depositing the electrically
conductive material is disposed on individual carbon
na to S o e.br S
127 nﬁﬁ%;&g&f%%@ cl qrg?g%h %{I‘Lepe?n 3@4 L gﬁgsr %%étgcag p%(;shldﬁﬁﬁlg and the
dept)shmlg: g(ptdprmea; vepositageth¢ ahatextal IogatQt: supstp@r in opatigm that electrically
connect[s the colu n ha? teICH? ! 2 thae v%ﬁg subs ra!ltgngt h. 112. The
process o AL Nner'es i e ‘depositing conprises
depOS|t|ng the conductlve naterlal by atom c | ayer

sition 6 008/ 048938 PCT/ US2007/ 081423 113.
128Th2]%ﬁ#’6‘l?8§‘§’f alrﬂlf%’\ﬁ)%\fm P tﬁ@\ﬁ‘g}l@%lﬂf LS epd E? ferigal
conpri ses depositing the conductive material by

chem cal vapor  deposition , ,
129.  The process of claim 127, wherein the column is spaced apart from the terminal.

130. The process of claim 129, wherein the column is disposed in a pit in the wiring

substrate.
131.  The process of claim 125, wherein:

the providing comprises etching a pit in the wiring substrate, and

the obtaining comprises growing the column in the pit.
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5 114. The process of claim 111, wherein the

depositing conprises depositing the conductive
wWoreao8/048aB8 by sputtering. 115. The process of cPEi/bs208081423

wherein the colum conprises a hollow interior

portion, and the adding conprises depositing the

co i al 0

TR D AR T S e
mnumﬂmyummmcﬁdknmhmnamM&mdmdamneﬁmbme | ength of the

colum. 117. The process of claim 108, wherein the

addi ng conpri ses depositing the conductive 15
133l’mt”l&1l‘eipaice@tof lcﬁﬁﬁ}lﬁ ﬂv&ﬂ@ﬁid thé)[ﬁroi’sifdinfglﬁoﬁipiﬁl@esof t ge col um.

rocess of mmking an electrica nducti v

c orﬁiﬁa%*et NGRYETA) FRTPEHRS %P GRAWENE SBHEHET & %Hgg 2 BBEQP ﬁ?ﬂ“ge column;
and@ colum conprising a plurality of vertically aligned

carbon nanot ubes; and 20 applying a treatnent to a

corewite Bpdenspitadipatersl ingipaidhe tr eat ment creati ng

poi nted structures extending fromthe contact end.

119. The process of claim 118, wherein the applying
134coﬂ@ﬁm§68%eﬁ@hhm¢2ih@wgﬁhtact end of the colum. 25

12Qhe %Jggla{lé 8&? rls(3£ dééJo@llt mat}é\%ﬁ rv@%l% ttfé{' af%hg 2& g?a t%meperature
bdmmmmhmmxéﬁmﬂmmhemmrocess of cIa|n1119 mhereln t he

i ses ut et chin ct end
of P48 R FSu PR B ol By G o R st
the applying conprises nmechanically inprinting the
cont act eng 67 WO 2008/0489@8 PCT/U82007/081423 123.
135The® PP6Ee S5M1BIE 81 aRAT L TEC URNEF BIORS RAMBISIi ng

COMMfairifSa RI1QHS boBpR@aRl \Stralif@f ¢aitaFtalighRicta®on hBfotubes;
colum a nol ding tool conprising a nold shaped to

corfcEEpBHE & aarflﬁéarptamﬁg derce dhat el imeast agested spripgeproperty to the
colphpcess of claim 118, wherein ones of the pointed
structures each conprise a plurality of end portions
andof ones of the carbon nanotubes of the colum. 125. A

pr %g@?ﬁqg(ﬂtie Wéu ¥ i esggirO?&ttB ly %%thé‘[ eﬁ&) ?gﬁﬁg tC{)l\(lﬁlnC{Plg E)Qt@ltcular tuning

str ai ni
hnmmmpmnngémpﬁmsdﬂgn@IpMuﬂahmﬁwcomnmert|caIIy allgned

car bon nanot ubes, the
136. The process of claim 135, wherein the spring property is a spring constant of the

column.

137.  The process of claim 136, wherein the determining comprises selecting the particular
tuning force from one of a plurality of different tuning forces each associated with a different

spring constant.

138. The process of claim 137 further comprising determining for each of the plurality of

different tuning forces the associated spring constant.

139.  The process of claim 138, wherein the determining comprises applying to a test column
comprising a plurality of vertically aligned carbon nanotubes a sequence of increasing larger

forces and determining a spring constant imparted to the test column by each force.
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colum attached to a wiring substrate; and providing
an anchoring structure around a portion the col um,

WO b@sassoBori ng structure anchoring the col umPE@DUS1087/081423
Wi ring substrate. 15 126. The process of claim 125,
wherein the colum is attached at a base of the col umm
to the wring substrate, the providing conprising
depositing material conprising the anchoring

140st ribetpuoessaodanich d3¢)aderad thchgplyddgutm pad2dlar Théng force creates at

rocess .of claim 126, wherein the material (is

teaBRCE e B R eyt o s Gin kg of the column,

conpri ses depositing the naterial on the substrate in

a pattern that electrjically  connects the colum to a .
141§ o e et i HeFra bt FRfEcd SPHgE CliEnhFUREESS fcrics sum
of aGhAhgRchdthnt MG el M RaGnb FVelsH i INAREE r@fodshe

termnal. 25 129. The process of claim 127, wherein

the columm is spaced apart fromthe termnal. 130. The

142P1 Ol%%spi?(t)&gs &6t El'aﬁﬁ }Z&’Wﬂgﬂ&ﬁ Ghd itﬁﬁlﬁte&: %%ﬂi’r%%drﬁtaﬁiﬂ ﬁ%%ional to a

inap In the wiring substrate. The process
nungfer ef th¢ rava3ibly defemeblaregidns. provi di ng conpri ses et ching
a pit inthe wiring substrate, and the obtaining
conprises growng the colum in the pit. 68 WO
1432008k 018838 oPCRINUSZ200WhO8hAAS at 132t orkhevprsibgedgfomiable region is
claim13 rein the.provjding further conprises
engaf By L Bk BRI TR0 1 on of the’ cot am
that extends out of the pit. 133. The process of claim
125, wherein_ the viding copprises: 5 depositi.n :
14 rat e P CRONpT I8 hf» tHE 4R Eﬁoﬁ)ﬁﬁ@mﬂ% SRPERIFE SR thg particular
tuniB@ Férc® o orle R aGRUHRR of daRGert AuThd Ebrdch RadheRstidi®Owith a different
materi al to expand. 134. The process of claim 125,
levehbthgidpsired gpingereRSE¥si ti ng conpri ses depositing the
material while the material is at a tenperature bel ow
anbi ent tenperature; and the causing conprises '
1453 |'lhwi migrepshel elaipos44 Bdthamewnnrizingt detanmiming tor gagi einthe plurality of
. . . . i t act
citth SAEHEL it ot L RE BB, Bt BY sl 00"
colum conprising a plurality of vertically aligned

carbon nanotuFes; det er.m.ni a. particul ar tun
146f or B8 PEGSSss ovf\‘/ic rnil Ié}r%,a\}/ erein C}leesc{%r%gamsn&cionmé)nrsJersoaBglﬂn@r{? 8 test column

contphiging @Oplunatity @n@rtically aligned carbon nanotubes a sequence of increasing larger
forces and determining a level of the desired spring property imparted to the test column by

each force.

147.  The process of claim 135, wherein the applying the particular tuning force creates a

plurality of reversibly deformable regions in the column disposed along a length of the column.

148.  The process of claim 147, the imparted desired spring property comprises a series sum

of the desired spring property of each of the reversibly deformable regions.

149.  The process of claim 147, wherein the imparted desired spring property corresponds to a

number of the reversibly deformable regions.
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applying the particular tuning force to a contact end
of the colum, the particular tuning 20 force
WO panss9ssy t he desired spring property to the BCI/USI907/081423
136. The process of claim 135, wherein the spring
property is a spring constant of the colum. 25 137.
Th r el aim r he, de
150 efhr% I%é%%‘i 9 %1?1%1% %greln % r%‘rz&sﬁ)ly de%&n%{)g] %1%9% are n%enerally
perpmmcmthrtathﬂ langhbfmeocﬁlunhnffer ent t uni ng for ces each
associated with a different spring constant. 138. The
process of claim 137 further conprising determning
151f orA p@cdss of mhkieg pbrobalkart yisseimbly3te qf}to‘cé@rcempnﬁmgn ng
forces the associ.ated spring, cons
pr GE@RENG PN & iRt pyigag subgpe a il Ogélte%ti“ﬁ‘ﬁm %aductwe spring probes
con%@f@@'o%ﬁt%cta@ﬂls MispBsciGna pR&in HAl VEResp&RBTG 1aShIkBrneof terminals of
plurality of vertically aligned, carbon nanot ubes a
clecgropigeliriecor bnisteasiopyPioke gemprivieg & eelugmcPiaettically aligngd carbon
nan@tuﬁe%r g GIRRST @Hﬁﬁ rfs aj L ﬁgnclér‘ﬁl fl]a%lstf@%&hef\egg UHn CQMmﬁlaggforrns in
force. 69 WO 2008/ 938 / US2007/ 08142 140.
respongrctesisforst applesidrie ﬂ@@onweemé ibs comtectapihl the plgetrdnec dev1ces clastically
and I8 LG ek e o B B of BB Rre B e
aI mgbmlﬂmgﬁbt wﬁrutgmlbsmltmwmh aﬂeasﬂg’hne ddngpopers ¢c@ §8mahe probe card

asset ﬁ;b hé'g%hgn e Iclgrﬂpt he @rlgalgyg eonn Etgr%ngiggﬁrtpg%}c w't% & electrical
inteffhcd th@ t@ter ceaflurcdne ccﬁr@ﬂaﬁfesmﬂgl of tiefl@toribldeviegi ons.

142. The process of claim 140, wherein the inparted

spring constant is proportional to a nunber of the

152 eVdlepideleds ofefagth MBD higthe@inPSing bBtakds thd BEURNOELSS@fly aligned
cl ai m 140, wherein the at |east one reversibly

carbpst satoiice Aeghcdntq @ syariisiehl Juhstes pwheriaufhsr alfreﬁgerrge comprises
trankﬁﬂiﬂghh@éolﬁrﬂ@s ih W acriktthi stbRatPIPRE ﬁlsst @Jfrlr%l sﬁbﬁlat’ks 6,
wherein the determ ning conprises selecting the
particular 15 tuning force fromone of a plurality of

1530“ fT;h% gdr%%sst#g{a}g? ?&]ﬁ%&ngﬁs rg%ﬁﬂl%rl ng{:lp:rgﬂotp(r;rf1 y. 145,

Th éripgiogesds of thel calumnt 4dtof antabiewitl adiprsivsidagosed on the first wiring
Subqrat[eewa ning for each of the plurality of different

tuny ng forces the associated | evel of the desired
spreurig fhe apiexsivy. 20 146. The process of cl ai m 145,
wherein the determi ning conprises applying to a test
colum conprising a plurality of vertically aligned

154Cartperpro@nO bfllbRsn a 53 e GHeRmehefcutifg c@Rst IE Adege to wick at least
forces and determning a |l evel of the desired spring

partiplly hep e GOt ed to the test columm by each force.

155.  The process of claim 151 further comprising tuning the columns to have a desired spring

property.

156. The process of claim 155, wherein the spring property is a spring constant.
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25 147. The process of claim 135, wherein the applying
the particular tuning force creates a plurality of
WO 20081044988 y def or mabl e regi ons in the col unm dPGpPUSWA7/081423
along a length of the colum. 148. The process of
claim 147, the inparted desired spring property
conmprise [ S . 3 f.1 i.red spring
1575 e PRt i 757 i Bt BR800 bl e g ons.
14 Qetetthiningropesslaftuchatonrel@at, wilherpeit het dvsir¢dgpaing @cbperty to the
1desired spring property corresponds to a nunber of
COYE: r eversi bly defornabl e regions. 70 WD 2008/ 048938
andPCT/ US2007/ 081423 150. The process of claim 147,
wherein the reversibly defornmable regiaons are
gerf8PHINeyNe RIEHGYER s TareciQihe Kentpet § Yold lrsol um.
151. A process of neking a probe card assenbly, the
process conprising: 5 arranging on a first wiring )
1585 y e pracessf slaimp ég T-twheesin BF aprlying pmprissd prpliapg (e particular tuning
mn§@ﬁmﬂgn&ﬁ99%§me%&H&&%§&ﬂﬂa%ﬁﬂhﬁ?%fﬁ@géugm§posed In a
pattern that corresponds to a pattern of term nals of
el ectronic devices to be tested, each probe conpri sing

I 1 | L i '
15920|Glgl€ chggpofv 85&1{9 ??}, V%le?@ll{g g%g%heg%{ngr%n%ng?ggi é’%tk?%gng Iﬂ{%epar‘ucular

rising a’sprin

tuniog lferam frdef @end a pilurality ed pdfisent thoniigg foores eadipgbacidked witlh hdifferent
Srfonta%ﬁtend by contact with the el ectronic devices,
Prge &8P ¢ally 10 and in a direction that is generally

parallel with a direction of the force; and conbining

the first wirin strate wth at | east. one conponent .
160; o TS e HBBE St s QAP iy WE PRSP IRGHE Toree creates in
cack MMk coluiths @l RaitIdnE advledsitdP aOBEhdbIIrchid iR HRD@%uMM HpdBd along a

electrical interface to a tester configured to
lengtly pf the|cotuayy thegPERg MsehagisecemyisEe dias/ptdeast onesreygsiblydséormable
regiBhocess of claim 151 further conprising obtaining the

colums of vertically aligned carbon nanotubes

attached to a sacrificial substrate, wherein the

arr er i u -
16175 AR SRR T8, (bt PRI, i L GRE LR, blpriss o
serigb@um Thepripp coews1tsodl @blapfrht 5P leakiemeirgvetsitdy tlefansdbér regrogs in the
Coh%%gprises: 20 bringing ends of the colums into

coritact with adhesive disposed on the first wiring

substrate; and curing the adhesive. 154. The process

of ¢laim 153, wherein the curing causes the adghesive :
1620 o Ve dotsrs Phabin 198 BUFCIalF Yo GOTHE! CBMIHSO cpel column is
propdigorfl RGARMIRF ofth@tcitrlBly defdrinaBle r&@sRIih i RGluitni ng t he

colums to have a desired spring property. 30 156.

The process of claim155, wherein the spring property

163 S T%e%ﬁfcieﬁg)f €RANS 180 twherein the at least one reversibly deformable regions in each

column are generally perpendicular to the length of the column.

164.  The process of claim 156 further comprising using an ¢lectrically conductive material to

enhance a electrical property of the columns.

165. The process of claim 164 , further comprises depositing the electrically conductive

material over a substantial portion of an outside of the column along its length.
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71 WO 2008/ 048938 PCT/ US2007/ 081423 157. The process
of claim 156, wherein the tuning conprises:
wQ@l2a08/048988 ng a particular tuning force that w PCT/URAT/081423
the desired spring property to the colums; and 5
applying the particular tuning force to the contact
e col. . A58 The .proc . aj . .
1665188 oo & SIS, htfs HOBREZERES By flsHdady, rauetive
matttigliimggiohobaeesi angs diahe cubdynahotubdseha compase tienebéunof. a
plurality of the colums. 10 159. The process of claim
157, wherein the determ ning conprises selecting the
l67pamt i oidedd of tolbinnOpdl dukieer f Joaiprioing debositigyl theatledthicadly conductive
di.fferent t niBg forﬁgs ﬁach associaﬁed with a
matgii3 OB inghyiduag GrporynaBHS At corBese @ Bibcess of claim
157, wherein the applying the particular tuning force
creates in 15 each of the columms at | east one

168; evidie grasess o stain b fusthepgingmising applying sy tipgfinedt tpie eeptact ends of
the 6},]0%91_59 _‘[heI @%&t%ro&%g‘: Qi Mes E)H)@r_u&fﬁé' Al "RENBALSGMnds of the
conprising the at | east one reversibly defornmble
colyneigi on. 161. The process of claim 160, the spring
constant inparted to each colum conprises a 20
series sumof spring constants of each of the at |east
169ondheguecess bf ylagdef o8 mabbreinr thgi applyingna ttheatmenolcomprised @Rhing the
s .of claim 160, wherein the spring constant

The progces
Conpﬁﬁgﬁfggﬁ?gﬂ%%%% colum is proportional to a number
of the reversibly deformable regions in the colum. 25

16 The pracess claim 160, wherein the at | east .
17 Oonﬁhﬁ RSB |C§Haé? {)F%}m QOPEing Heing gn Slsercal b genthiigy material t
enh@RBArRlcIitanRéRep & eidlcdluntng. t he 1 ength of the col um.

164. The process of claim 156 further conprising using

an electrically conductive material to 30 enhance a

171€l el@lterﬁrgééss RE QR Y709fﬁ11ttlté? &Hlpﬁﬁgésdepaﬁéng Tﬂeelgétggﬁﬁsconductive
of claim 164 , further conprises depositing the

matetigd @V ¢1i agsabytyntie bpraiient 9fiae outsrie of thalcolpwaralengdigbengtint i al
portion of an outside of the columm along its | ength.
72 WD 2008/ 048938 PCT/ US2007/ 081423 166. The process
1720fThe | apeesd 64, cldimr t He rfudimarproingirisig g dposiing fg ¢lbarically conductive
matggieﬁ%‘tl {ei 1%a| lbééwge(:) noqllég (t)tl t}{ee ar ont I? ri t%{aesitgatrcgtgi oosg ebceo V\I’I?Ilen
ones” 6P the™ tarbon RanotUbes Fha conpos% e Col tUm.
167. The process of claim 164, further conprising
173(.j ef%gsﬂrgclers]g 0¥‘" hc air%l ?ﬁ)t, rf%ngd?elrl %nﬁ)%rs]lglg C&elpgselting the electrically conductive

material on individual carbon nanotubes that compose the column.
174.  The process of claim 151 further comprising applying a treatment to the contact ends of
the columns, the treatment producing protruding structures protruding from the contact ends of

the columns.

175.  The process of claim 174, wherein the applying a treatment comprises etching the

contact ends of the columns.
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5 material on individual carbon nanotubes that conpose
the colum. 168. The process of claim 164 further
W@ 09p048988g appl ying a treatnent to the cont aceCEOSN0ODH81423
the columms, the treatnent producing structures
protruding fromthe contact ends of the colums.
169., T e h
176 9l’hte n@&{@@é’ Qf %?a?nsl gls eftu%hép go%ﬁaﬁlsm e {)J]tu{g § a¥ ?ﬁ)e%e wiring
subﬂmltd.lmdsarouhﬂ@orﬁblne optho (celsmns;fthe:inauemllalﬁdhdrmgttlhaeafolumns to the wiring
qur|S|ng using an electrically conductive materia
15 enhance a electrical property of the col ums.
171 The process of claim 170, further conprlses
]77 ep S|t|n$10£IC eleftrlcally conducti v eria

t
B TG SRMEDEAERTD Which he caBP RS of the spring

pro‘@és%ﬂgdlbﬂo‘éed QRPidng BdwdehZentEROFRI RERDHe Phir 61 &jdPedt MBring probes is
further conprising depositing the electrlcaIHy

lesstbidienty WEcToRat eri al i n regi ons between ones of the
car bon nanot ubes that conpose the colum. 173. The
process of claim 170, further conprising depositing
178t hel'hglpsedess efadlbign E0naihetcin/die aritastrang| coomonand complisgh an interface

sub&pdliéjé)o ﬁ@ﬁ%tt#égg%tﬁ%?h?é&ﬁgﬁ ORI ttég%r ctf?é &Hﬂjmlﬁg C ﬁg‘hsmg eqectrlcally

sub ft

er conprisin
connﬂfoaag nteat firso vxtlh@ cobtaet teenigs 1mérfacteh91bstm¢tumm9 theteby electrically

conp{eF PR of BB Ef€ B %3 Iibt Gy h8ht g™

process of claim174, wherein the applying a treatnent
tching the  ,contact ends of the columms. 73

(o40) r ses
179 r@e&%?sea @%glgr@é?mggﬁwd&ﬁf?rwf%wm?ﬁ@%r ocess of

o dm gl 2 Ledntbictol €donfp@RRE | 5 ipN@al e RASEIEIAGIR $BRHEd VA spring probes
onto the wiring, substrate and around portions of the

conyEIsiRETEENtagthendaglisppicd| ingh s Myt cAEesEodinAs pytefthet pads of the

sem\{\ﬂoﬁﬂﬁlgor did b%’@ [@l€one pljﬂ%z coﬂib?imﬁé 0L @SI8mAf of 'Véhmll%s;hgned carbon
wherein in the pattern in which the contact endsS of

nanefgbess pri ng probes are dlsposed a spaci ng between

I‘é@&ttlﬁ% Egﬂ)t%cﬁ %‘étv&e@t@%ﬁesocﬂﬁh@ aﬁ% I}%ddo%@tnénd? Bf blﬂag 0? K[ﬁ%bﬁgbes, the

twenty n1cr rocess

congkadnds dGhe onm of thic mrdﬂaemakmg e@gict oR&ks©o mi]wnembf the pads; and
%sprp h‘g’ &3 1ac8n uc%o dle M %m}n%mgutes‘?t { aatllse tlﬁrgu r It%eastgone oef the ones of
€ rreca ace-t test&

the pmbwtbseimgtryehﬁagtrfftecblatd thie dieonnect i ng the fir st vv| r i ng
substrate to the interface substrate and thereby
el ectrically connecting ones of the spring probes

180V tihetfi6ectd BELRIE Al9] Whatihagueh o® thd€oli@EE Glrther comprises a spring

mechanism whereby the column deforms, in response to a force applied to the contact end by
contact with one of pads of the semiconductor die, elastically and in a direction that is generally

parallel with a direction of the force.

181. The process of claim 180, wherein each column is mechanically tuned to have a

predetermined spring constant.
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179. A process of testing a sem conductor die, the
process conprising: 15 providing a contactor
W@ ovp#sBsg a plurality of electrically conduck@meEs2007/081423
spring probes conprising contact ends disposed in a
pattern that corresponds to a pattern of pads of the
sem.co Le, at | t 40N ro r S|
162 SIS, 8F Ul 1 A EERL A B RSERTR AL & the cotumns
congirifesct plogligoeit racdrsiblgtdateemaldn essiofs didpescdadsgankngthef the column,

cont.act. ends _of ope t he probes, the . 20 cont act .
the B dind S np ke BRCotthe tolEnRESRER Iy Soint shet Splhf Riring gonstant
of chéteofanesvakiblyhrfopads: raitthst est i ng the sem conduct or

die by providing test signals through at | east one of

the ones of the probes to circuitry integrated into

183t hern@i @occk8@r chg W00 G@S i kheClRing) hdSaniVi edfeéddh @ACHe columns
of the colums further conprises

| _8§ﬁ%Pr|ng 25

conpgistath feavhonp eversiplt ¢rdorggblregienedi | alpng o lengily aE e eelupn.

force applied to the contact end by contact with one

of pads of the sem conductor die, elastically and ina
184di rldwet progess lehtclaing Ifnevhateiny thepatrlast] ic ssiverkibly difprawbleorggion is

of claim 180, wherein

genglfgg)?wpﬁgg%n@?rqﬁﬁlr gojtiiré %:eﬁgtﬂ?)g g{el%éﬁl uned to have a 30

predeterm ned spring constant. 74 WD 2008/ 048938

PCT/ US2007/ 081423, 182, The process of claim.181,
185 el TR < Ty DR of O Moo C SieRaT U5 gt the probes
conRiREId pleliey ¢l stidthich yrodfuding fens b Blcy of @fcatorbl @ dr &gl e sffecting

di sposed along a length of the colu t he :
Conﬁf%%%ﬁfé s é‘cﬁ'?“é‘HFﬁ mal%felz}ﬂ%e SHECH T T L ORvs L Shprads prifgereating
cor@sgRling pu i farllslo (SutAG SFOR& oFMkc paaf. each of the

reversi bly deformable regions. 5 183. The process of

cl aim 180, wherein the spring nmechani smof each of the
186C Ol M S0cc GRS 885 A hdr&ia e @Rl A& 3 BLY pAelRALIR RS tially of

regi on di sposed along a length of the colum. 184. The
the pynsbsemag®. cl ai m 183, wherein the at |ast one

reversibly deformable region is 10 generally

per pendi cular to the length of the colum. 185. The
187pr ddhe psocess aflckiimm 187, 9yhenhe thei ungachmaks 4rhdoceiea vaibin @natsa on the

f t 0 of the probes ¢ Ises.a plurality of
sorlfie S AT R BN B SR S de et ena.

and the effecting contact results in the structures

uncturin urface of each of the ones_of the pads
1880 ARt 45! 6 »RsEaF A St UreohBieengr as fess than

4908 Wglaacmicednsones of the pads. 186. The process of claim
185, wherein the contact mark on each pad consists
essentially of the puncture marks. 20 187. The

189PT OG@$0REs &H Rl 1k 6whMbig8bl 538 oPHR GuHEEre TRIKSoPhE surface of
located within an area on the
the pad is less than 40% of the area of the face of the contact end.

190. The process of claim 187, wherein a total arca of the puncture marks on the surface of

the pad is less than 30% of the area of the face of the contact end.

191. The process of claim 186, wherein a size of each of the puncture marks on the surface of

the pad is less than 625 square microns.
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surface of the pad that corresponds to an area of the
face of the contact end. 188. The process of claim
waBnos/0¥t9es ei n the area of the face of the contBCT/USWA7/081423
is less than 4900 square mcrons. 25 189. The process
of claim 187, mherein a total area of the puncture
mar. e e 9
192t heﬁ% dz}e%slf})?t %Hn fl n & o{en% %]Qzec%ﬁc}qgt?f tlée uncﬁ%%r%aélsg g% %e surface of
the padois &essthof 229 sjume lidronswherein a total area of the
puncture marks on the surface of 30 the pad is |ess
than 30% of the area of the face of the contact end.
19319 IThe Pheeprodchias 184, whkaina dspth ofwhae gindtuge Bhrk €rodf the d@ace of the
t he unctU£e mar ks on the surface of the pad is
Padlng%hetlﬁ i 1635 URIE NS crons. 75 WO 2008/ 048938
PCT/ US2007/ 081423 192. The process of claim 186,
wherein a size of each of the puncture marks on the
1945 urkhggeocsss of emp . Mcrcisach oA feapgtagiyeids f Hecanshsf the probes
Conrayglges eﬁﬁ@ofﬂfn@§§§tﬁe efib& RinBhud&C8hat W& F@e Qheaoﬂég Qf ?fob@saﬁq face of
puncture mark fromthe surface of o the
the perdact snd, esdthe kiectBe gpusadh m@ultsmzthe Tide Obihe @e@,@f dfe q@rteinmanotubes
. f .
ma%ﬁétn&%ﬁg%[eo%k tht& leﬁ]rlfagé g% ga% aogllré]se (gfn[g? p?({% if Eg?tg%lﬁ §or9€spond1ng to
ap@@ﬂﬂﬁ@h&&mthﬂ$pnmmpmg@mnw@eom&anemmthe probes at a
face of the contact end, and the effecting contact
results in the ends of the ones of the carbon
195nanotdafiesn dh&ondik itadgdiim dedtdahdcomnsh hiit of the procdsaB@f 0faims 179, 180,
eggﬂ gf the ones of the pads in a pattern
anddgpl@dnonding to a pattern of the structures
protruding fromthe contact ends. 195. A sem conductor
die tested in accordance wi.th any of the processes of
196¢| dilgsprpygs afgelaim ghg. pasreig gach Hf1dg . cofprany, compdsss gflectrically
conglllc%'v@'hlla?e%al M}J%E&f WitBRCALhUr S e s WRR ek BARIJf $iRScarbon nanotubes
el ectricall conductive material disposed wthin each
thmdpmmwﬁth®W&Wﬂ@ bet ween ones of the carbon nanot ubes
t hat conpose the colum. 20 197. A tested
sem conductor die conprising a seni conductor
197matletestall seraipomeluelot die commpmsing t i ntegrated into the
SenkF%ﬂ%H?cﬁnn?@%ﬁ['al and a plurality of pads
el ST CATY ' C6hmécted to the electric circuit,
wheneidtria cnbuuf atdgtayedaftottiesepada d Gadmtidtaes; aad pr obe mark
fron1conta est 5 each probe mark

corfdi &g} l%j’ %éf%@aﬂlﬁvoaﬁg%edﬁp Lhﬁaq% SefF SEvE ust er ed

PURGckYiR a RISy OF thic pd@NEdprBSa probe mark from contact with a test probe,
each probe mark consisting essentially of a plurality of clustered puncture marks or indentations

located within an area less than of the total of the pad.

198.  The die of claim 197, wherein the probe mark on each pad consists essentially of the

puncture marks.

199. The die of claim 198, wherein the total arca on the surface of the pad is less than 4900

square microns.
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| ocated wthin an area |less than of the total of the

pad. 198. The die of claim 197, wherein the probe mark
W@ro0gaed3pad consi sts essentially of the puncP@r/Es2007/081423

mar ks. 30 199. The die of claim 198, wherein the total

area on the surface of the pad is |ess than 4900

2002 88@[ %hergfgia%gslg8 v&e}%@n %8025/2194180?%186 CEJ%\T/ e%?&ﬁggta%eorggfﬁg gr% ﬁlllg surface

of tind psltieleecthpddb of the naallogcaon tmdm@wdfalaﬁepadof the pad is
| ess than 40% of the total area on the surface of the
pad. 201. The die of claim 198, wherein a total area
2010{1 Tha eladldﬂd:ﬁaﬁlﬁ reg, vﬂtﬁ’dih % gtcﬁal::’iiﬁerah@ tIQrbldsfb@edS{ﬁlﬁlﬁta&&n?]rﬁs &f the surface
e pad i e an % of the area on the
of g ylip 5o %03/5 B’La%‘e (o3 grea-pRANGHAL a%?foaf&fpean% 198, wherein
a size of each of the clustered puncture marks on the

surface of the 8ad is less than 625 square mcrons. 10
202p 0 F he i ofiFlainy 9% | dhemsin 9gizeHeqaeh AT thesilysterest Pangttie grarks on the

surftag%fﬁllléﬁlz%qu rd tHM{‘&tSL&ﬁ&arérﬁﬁé%énson the surface of the

ss than 225 square mcrons. 204. The die of
cIa|n1198 wherein a depth of each puncture mark from

203t hefh%%é ggglal%g ébé]_elyﬁl%?egn al g ftéagh B‘figlyl c%t\}é‘gle?ec'cis ﬁ&aﬂe ?nar on the
m crons. . e die Tlarm , eref n ones
surfadreofphgiius essnhark®? Sasxeart mjxaole;d at corners of a
perimeter bounding the probe face area. 206. The die
of claim 205, wherein the perineter is a polygon. 20
20420 Trhe Bheeof@atm D8 oIk din 2A€pth vhekk pimctdtemprkofaan fRrskirface of the pad
. gn3|st? essentially of the puncture marks | ocated at
intocth prekis Iy el & MigPiSret er . 208. The die of clai m 207,
wherein the polygon is a rectangle. 25 209. The die
of cl n1208 wherein the polggon IS a square.

205TheTha|dée of claimy 4. osreinprgs At b pyncge m&sm&c@ﬂ@% a comers of a
Imng%gg%m%@ﬁ@qhégggggcggeg perimeter of the probe face

206. The die of claim 205, wherein the perimeter is a polygon.

207. The die of claim 206, wherein the probe mark consists essentially of the puncture marks

located at corners of the perimeter.
208. The die of claim 207, wherein the polygon is a rectangle.
209. The die of claim 208, wherein the polygon is a square.

210. The die of claim 205, wherein all of the puncture marks are disposed on a perimeter of

the probe face arca.
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