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the benefit of the filing date of United States Patent
Application Serial No. 11/784,315, filed April 5,
2007, for "Menory Devices having El ectrodes Conpri sing
Nanowi res, Systens |ncluding Sane and Met hods for

fcif 1ENPERSEBRVIC NM@EEE@TWD@'S@@MPRNN@ NANOWIRES,

ates to netho of formng s el ectrodes for use
in NBNSTEMERIN §Mﬂ)m SHOIBIATYB MEWS&E EORMING SAME
i ncludi ng, for exanple, resistance nenory devices and
phase change nenory devices, to nenory. devices forned
by such nethods, and to mysirary d¢ingivdi ng such nenory
devi ces. BACKGROUND Various types of non-vol atile
menor ym@wrdle@tf@mmsw theeheaefitaif dhe Hate datgroBénited (Pses Ragent

S&@ﬁlﬁ:{ﬂ:l ¥ e#cé; aF‘$8 fl 6’5 8{% ] s€ N file file g n?rgﬁ%drﬁ&} | RE “igifefn%lrfﬁié{}acgsailavmg

biikdtrodes ¥omuAEn® Nafeieiesas taed ]n@ludh‘%)&abﬁ apd oétiketd for Forming
bet ween two el ectrodes. A selected voltage (or

cwent) may be applied between the el ectrodes, and
the resulting electrical current (or voltage)

t herebetween will be at |east partially a function of
the particul ar val ue of TEG@INICdt FiEE&) resistivity

exhi bited by the naterial bet n e.elec odes.
rel at i V& jefnbREsntionageies tenededs %ft WRipg Slﬁﬁ@ elﬁ@f%ifé fprusein
trﬂe:‘h@xlgf LHept n(ﬁ‘z-\l;ol-atﬂé PheRloPAARi&R %ﬁuc@xﬂ;{j @ ek&hplel ¥Skdnce memory

|'ow el’ectrical resistivity may be used to represent a
" d}fv:qem atd ;viansq/dtaogememor}vde}fecemo vEmdBy deatas doinsl by such methods,

t he. mmat bet the el ectrodes to exhibit
FENID P RO BR) BRUS G0t eloctrical

reS|st|V|ty, the nenory cell can be selectively
characterized as eXthItlhg either a 1 or a 0 val ue.
One particul ar type of sUBACKRERWENBXi|e nenory

devi ¢ oy rl'igusttgpeea %rf] e vg’i?ﬁiggﬁ n?@'ptag IcgeCYTll qc?y dmé@ggits %@%&S} be

change ITEI’TDF evi ce

t hes@l vetlates, dpbicableyhar @e&@ﬁﬁbﬂf eleﬁti“icﬁxl‘éﬂzhlvﬁtyn g oébnn a single
| east two m crostructural hases or . st at es, 3
WhIEERTYESEH; (bf-t eneig; ‘fQéWéﬁP Pigh genaserial ey O ipryided between two

ragétisotde 'Aléeie 14 v&ﬁgg%recup%ﬁg g be %}%ﬁ W@ﬁ@h@@%@@es and the

eria e ca |ng n a crystalline
phﬁﬂengekenpmmbﬂuaﬂom@ﬂﬁg@hbxdafeemnWMéwmibmm;mewﬁymﬁﬂumonof

g&g%@rﬁ%g e\fcg{léj g{ t)ne glrégm%zﬂ resmtlrvg)tg %x SibP Q th:g hiaferial itafgween the
clectrodes. A relatively higher electrical resistivity may be used to represent a “1” in
binary code, and a relatively low electrical resistivity may be used to represent a “0” in
binary code, or vice versa. By selectively causing the material between the electrodes to
exhibit relatively high and low values of electrical resistivity, the memory cell can be
selectively characterized as exhibiting either a I or a O value,

One particular type of such non-volatile memory devices is the phase change
memory device. In a phase change memory device, the materials provided between the
electrodes typically are capable of exhibiting at least two microstructural phases or states,
each of which exhibits a different value of electrical resistivity. For example, the so-called

“phase change material” may be capable of existing in a crystalline phase (i.e., the atoms



of the material do not exhibit any or relatively
little long range order). Typically, the anorphous
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phase change material to a tenperature above the

mel ting point thereof, and then rapidly quenching

(i.e., cooling) the phase change material to cause the
material to solidify before the atons thereof can

agBHER ANl BTG FRBe 1@detige of@er} franaf Bfidphdie phli@e., the atoms
change materi al fromthe anor phous phase to a

coibE allﬁitfil”rﬁéd‘ph@isié{hle*WQYGhﬁéféW(%Wdﬁﬁ% oRgfaee grdep)s Typically, the

t heat i

n’éﬁ%?rp has% 18 %&ﬂl ﬁé?%/agf iS(ﬁﬂBr?{)f’%E‘ 'bﬁas@%h%e%‘a@emal toa

t %Waiﬁﬂéfaﬁové t(hé n&]ttﬂgﬁ%lr& ticréod] sidtthdnaragilllyowehdtdngati @ygooling) the
of the material to assune the reI?tlver I

obbise changsanaeedl gt N @egripb oaopifingb ﬁﬂi&égg App thercof can
e??sﬁﬂleeanéﬁ ?91'1(% |radr Ol 8RnEBER 'E}{egﬁdgeochﬁﬁr%e SR fho the

en us ase change mat Is materi al
ha&ogﬁﬁmtpMngupmmwmdbﬁeahmaﬂhﬁﬂﬁmeﬁnmgdHwSKmhpahheﬂbmxmnngu3
exi sting. in anmorphous stallln st at es,

t BB elgﬁﬁtfs@ mra(twe &ﬁm?“’e f: g}e t Ht,d:ﬂ]é aRovegery séaé]ﬁaﬁgn temperature

p%lia' ﬂﬂﬁ%fﬁ&l@}% tRISK R athBis Bﬁﬁ& aehtdrl B a%ﬁ%ﬁ)@?@étﬁveiy long range
above the nelting point thereof b

y applyin
r ebdat basetigted ivgth tbaenyeinlling phasaghot ¢re 1m£x zT%d@ﬁ@@WﬁmT@toaS

ol Dty TRach Ger'sbAnbe ar thu pRate %%ﬂﬁ%ﬁgﬁ?’é L mbfife poin of

f Qbo@®20t £t ARl 188aphblcldd elidfhdianaresiondand Agsthiige 6&iks. To form the
mat eri al gglckly cools when the current is

i ntrorpheps Bugh tenistivbo phasst attenst amTtigRONBE Mgra! is heated to a

fficient  tj
R R e
Tahd ﬁﬁmhlhﬁt\ﬁée}‘ﬂhﬁélbdmﬂe{ 4tm\heraebmsg gaﬂetay@d qieas ée edtetrical
| east a portion of the materi al 2% g%ed to a

t apperge éledﬁﬂia%a%egg@je@ﬁ) s it (i pgoseconds. As the

C r t
| ﬁ{z}a elng dzaﬁ E&EPQI@T&ES?@?? é&{ﬁ%@kﬂk;vypgg ptlhg §ﬂog¥¥ Lof HREGST do not

r eiaaé swfﬁb;yn’d tmmto foum pe ntdetddrcoycsqthlmdmwﬁmd theet asmdrplhous phase of the

bet en th | ectr i ent

D R oo s Rs BbERaSTV R Pap o AEe porion
at&% RhtetiendsHe Bteatd @telﬁ&rm WIBbdU §50°am gy KidinBebove the
order associated with the créstalllne hase after

whirgshalHimgion Lﬂnnmﬁml‘felaod\mmj, i beleyh theteelieg point! theSHanaterial, by
Ic%ﬁé' gﬁ%ltegaiuv 1|y chl%,rcr zﬁrgxget tgr%% e%et 3 gﬁggng}?&rﬁg&%ﬁﬁe ele%trodes fora

r ef efdi@n altn@uﬁS)thih% (e R, Q@i dliemik ﬁ‘@nﬁ A0 hemiseconMghrtd @lisw the atoms of the
menory devi ces having nmenory cells conprising vﬁ$|able
' &&VE el wesamethe long rorgd Jordar aprcide Highe Lo Iy phase, after

1cﬁ%ﬁﬁg&%¥owﬁﬁ%hﬂ%§?qgé ?}g‘teﬁldllclﬂ {e¥m RYI GRS c@r&t passed

knomn ry cel conpri si ng
vahicabh eherphasesdhangematerial to cause a phase change therem may be referred to as

the “programming current.”

Various memory devices having memory cells comprising variable resistance
material, as well as methods for forming such memory devices and using such memory
devices are known in the art. For example, memory cells comprising variable resistance
materials and methods of forming such memory cells are disclosed in Unites States Patent

No. 6,150,253 to Doan et al., Unites States Patent No. 6,294,452, Unites States Patent



materials and nethods of form ng such nenory cells are
di sclosed in Unites States Patent No. 6,150,253 to

wooma/ 124328l ., Unites States Patent No. 6, 294, 4BRT/US2008/058485
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Unites States Patent Applicant Publication No.
2006/ 00341 16 Al to Lamet al., Unites States Patent
No. 7,057,923 to Furkay et al -3-Unites States Patent
Applicant Publication No. 2006/ 0138393 Al to Seo et
alrppli@REP bnich@sn 1S 2066/0034 I6tA YR[lanc and., Puindsi Statts Ratent No.
No. 2006/ 01521 86 Ah,to Suh et al. Furthernore,
saPPOPES g wkacaial r Ynitgrataterlyatens Anliernt bUl AN N AeIHep{138393
devic L (R LS pliak PabiRay @ N8R ®6/0152186 Al t
rgéf% gﬁggﬁh%%gp?% : aéyag tﬁ%@ netEonao operati ng ?
SBgh et@NPhihahewiec agppoding cificsitly dise thaybe vbal todsmamp imemory device
Unites States Patent Applicant Publication No.
2 OOErGBaa WEWOR] Cals DeyiBk ateEPIC FpRp ST o il fspethods of

i B8ty KRS arEtisBlosed iaNEr Miintid UBliRE Stites Patent
gg?%%?%§g¢ 7,i§%¥214 FHHLeg.Oﬂélpreaiougﬁﬂ néntioned,
t Agphieat Pgeieriat Bd. 2005008 44t A1 wollume abf Urites YhtasBatent No.

CHARHSATEL BB o, R B A S o P

el ect 1 i gre 68 ShantMc@ltht heut BBlcRltédin.a fietORMDERhe phase
t he anount of Heat generated In the finite vol une of

t lebargh astteroh andge prasraspinglg qureaitis pesset thiaieh ithe yojurge of material is
function of the current..density i I Rt
of o e B SepLERL R HluhdBold MUl senerated

t hi gghia vBhage fehanae: dRhgs naleribiet weleast pavdally a function of the
el ectrodes, the current density_ in the pzﬂase ch,an}ge .
maveeitalensie iathd fapisvopaia Hahpse AapgRTBiiFeH- 5P § AYCR FyEent passing

( %m%%ho%éﬁa&%ghagﬁg Téﬂsag«{ﬁ?l b%@?’)s twg)f eIé&%d%elcﬁﬁ&m density in the phase

elec esirabl é to decrease
t RBaiczeatatal &f atl@astartodle adbindthe of tlecizeddes ceuehedtinadl area) of the

| e s aia At OB D PR CUIREHL WBGUE LR 'pbtone ofthe

¢ ae%%ﬁo@es%%@?@aﬁh@ BSSert Berdl§ PR $RaLRBRYR HRER idihcieBsed, and the
reduced. By decreasing the required progranmn o
%ﬁnge material is

cyreganmitheireneregyireddqwhvsed rthoseophengtt e thhphage

devi ce be decreased. Therefor.e, there,.i .

{ GEt Ny T R G B (LB e BF S0 b ey Ried to operate
r §fd SLARGEITRITRY, KelcRaSdN atichgort ahat iveheed omhtiods that can be
el ectrodes than those presently known in the art,

BRIsEFtoDBSCRIhl QNsiSRNERAWNGSICRices havang iglag Vel seialsr electrodes than
crpss-sectional s ic view of an enbodi nent of a
rretgr%%g)?r%fgv:lﬁkélo&m ﬁen%{r'esent invention illustrating

three nenory cells therein. FIGS. IB and 1C show t he

el ectrodes and vari abl e resistance erial of one
memory cel | shown HHEEIESGRT Jﬂ@%@%"e@@g
|1l ustrgie 1%{%.212[%%5? EroQf s QREAALLRM AR ROE f anfdnfBRdiment of a
2A-21 are parti cross-sectional side views of a
wonkpbservandf thelpustmtatengon illustrating three memory cells therein.
FIGS. 1B and 1C show the electrodes and variable resistance material of one
memory cell shown in FIG. 1A and are used to illustrate one manner of operation thereof.
FIGS. 2A-21 are partial cross-sectional side views of a workpiece and illustrate a
first embodiment of a method of the present invention that may be used to form a memory

device like that shown in FIG. 1A and that includes using a shadow mask deposition

process to form a catalytic structure.



first enbodi ment of a nethod of the present invention
that nmay be used to forma nenory device |ike that
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deposition process to forma catal ytic structure. FlI GS.

3A-3F are partial cross-sectional side views of a

wor kpi ece and illustrate a secdnd enbodi nent of a

nmet hod of the present invention that nay be used to

f orm a FreRDIA-3devd setidlickeskdaibngRdlerviews dflaGrorkfiecddr@Sllustrate a
4A- 4D are partial cross-sectional side ews of a

wordopil pdodinent of ameethad af e PRISFH TEIFBBA *X% aplpe ysed to form a

nmet hod jison that may be used to
ﬁemowrgiéﬁ%‘gr@k%ﬁ%ﬁs?g%i%@ﬁﬁ‘t shown in FIG |A FIGS.

5A- SF an@Spas-tiadre pardisisersaekiiomal sidd dewwoﬁaAwotkﬁaleae and illustrate a
wor k | ece and il ustrate a fourth enbodi men
métiFbemendimpr 9 readhad afReeRiEiBhY FAtON 133} Ltl? Egﬂ fodform a

f%eg@fﬁgﬁ%@éukéjﬁmswhﬁﬁd hat shown in FIG IA FIGS,

re partial cross-sectional side views of a
wor kpi &€ Safwl-SFl dreisdrtialtceosa-sedtionhl setebac it werkpigee and illustrate a

net hqd o e pre vention t hat

f é?vﬂ%aezﬁ%qéwt&ée Fidiad R P o PR e ksl o rm o
ko@@@w@@nké%s%azﬁsngp;@twpnal side views of a
piéce and illustrate a sixth enbodi nent of a

rret hod 1365t 6i- Gélﬁ@smlﬁtdl pm%sﬁcn@mfal siatiavip! evakpigeaagd illustrate a

8%@@@?2 gﬁtO? g\f/ﬂe Ogs ] S %%t 1%9911% ﬂlﬂa\t/ ﬁaﬁae lu%d {51158 a memory

i onal

Weki@bﬁﬁ@t}ﬂﬂﬂmlvdnhﬁﬂ(fiaitﬂe a Seventh errbodl ment of a
nmet hod of Joresent i nvention that nmaybe used t

f orm a Iﬂ@ﬁ:g?/gl dath el cress-pesipna Bk ISWS qflacgvor](mecq—_qnéﬂiustrate a
x%h %mg&p%g?{ b rg{:tﬂgé(opth@g{e%ﬂt b JeHSdd t‘ﬂ%} 8y ‘&n&ed to form a

an ‘el'ect roni stem of the present
Inﬁﬁﬁéﬂyaﬁwﬂcbaketmtstmdanﬁi@eth devi ce as shovvn in
FIG A I\/[]DESFO?CA RYI NG OUT HEINVENT dillustrat
d| scus it RAEr FR eSO, SertP bl Wb Al BT rece fpd illustzate a

%@5‘@1 el Bef(ﬁﬁlfchtg(ﬁ aGRAREd S8Re FRETN YnvERYd S rﬁ@’&é\ﬂ;e@ to form a

une of variabl e resistance nateri al di sposed
behmezwdemeékedtatém.mﬂtl@ Kast one of the el ectrodes

is or des Si e NOowW r ng

el ectr |I§l§ 86%%?%5?“6\‘?4?13* ﬁsg% @H%m }flgva? F%B(I)&‘I%em of an electronic
eshehaseR: Iﬁ%&f indbntANdha (%SGR nathri dewleatshbealin FIG. 1A.

cont act with other conductive features or el enents of

the nenory device. In additional enbodiments, the
present | nventM@D%H@Rl@@ERé’ﬂPéGt@‘é'ﬁlTéi%%YBMION

As discussed in further below, in some embodiments, the present invention
comprises memory devices having a volume of variable resistance material disposed
between two electrodes. At least one of the electrodes is or includes a single nanowire
having one end in electrical contact with the volume of variable resistance material and a
second end in electrical contact with other conductive features or elements of the memory
device. In additional embodiments, the present invention comprises electronic systems
that include one or more such memory devices. The one or more such memory devices
may be in electrical communication with an electronic signal processor. In other
embodiments, the present invention includes methods of forming such memory devices.
Such methods may include providing contact between one end of a single nanowire and a

volume of variable resistance material,



that include one or nore such nenory devices. The one
or nore such nenory devices nmay be in electrica
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ot her enbodi nents, the present invention includes

met hods of forn1ng such nmenory devi ces. Such net hods

may include providing contact et ween one end of a

singl e nanowi re and a vol une of variable resistance

mat er i als.1Asd baed, fheteintivatiide taismntdManicabl’ enaues st rantegal capable

mat eri al " nean ter capabl e of exhibitin ..
rof et e G e Do el abr o UG PR ouctivity

%@%le?@é@é‘lﬁ% Yok is r}{%" inakke heska ﬁﬁasg@E b%a?eﬁﬁl’sy(e g,

|nc S, for exanpl e, phase change raterial s
c khhlcageities eshsudhr a@mﬁmﬁeﬁkaﬁm ’&s@elﬁbﬁﬁeaﬂd ﬂ‘taTez), colossal

% %4@%%@%}%% B el DR MBS s LB and B

g‘arﬁ% SURE kieals (e LXISIRIMBLEIIpRN BinhB;: & tem@@ﬂﬁ@ﬂe@ K'Such as, for
u n

pedgblnary or terhary oxides such as, for exanp
Alez@@piesameamgg.Sﬁioam Sigr@ﬁ B0 TiagDy, NIQR ). P, and

Cro%@g J}%éh glﬁ}gh%t gl?eir% 9t% t\}}lzcr‘{]ugrest ag%\e%rsa F gtﬁé/ ééﬁe{’aﬁ formula

ABY. . WREE 8 iBsdicctarh@s kaidurf (B @tléﬂhﬁﬂﬁeﬂ &)d teiet@ni(Ten and mixtures
(Se’) and tellurium (Teiﬁa and m xtures thereof, and

\Ahé?réOanﬂ@]\‘;‘hQi@Ié\sm@tldq’Se’f’é stowe clemseiemiGrane BFBUS Al @ In, T,

I )
G U/ (GuShioe xb: P, CHflp) WHEN B A% S B g roul YIE-B (F, €1, Br,
Br1, At),widf 9newirtnfore depaors seleced dopamitée selabatdecinbitiommetal elements
nobl e net al andtranS|t|on net al. el.enen uch , for
exsgﬁlbpsefor&ﬁamp]& Ap A&, 1@&3(1 i IRu %&Sé%
and M. s AgseH i) ﬁ{e%ﬁ‘n “fRBwire? fﬁ‘earﬁ%?‘é&oﬁﬁate&rﬁ%r@ﬁywng
el ongat ed structure having transverse’ cross-sectional

di f:mn«sarmtsosawecta:gmk@nﬂeessnstdvamg,aﬂgd@ﬂs 5@ abavicbgtasrRictens

ed herein, .the r ce st.ruct re an .
St ot drepR St Py S P B ool b Sy BecBminancl
ﬁ' éo%{ﬁ?aéd Gﬂaeln@m%m@ Qfensiiuﬁf; efyeRlofMRAF@Eit dhBerioS US ed
erein, the term' Eil)uﬁ)e senm conductor naterial "

means ahyuwéthemxralthqu@m -Wdred spreesmgetgaisialo pecapy any material

pre@nm?ﬁ Y cgﬁra)rlfn% onu %6 rr]nglnlrs% ?! m%ltﬁg ﬁ%ﬁ{ %gg?# ﬁIP? %th p(zﬁodic table

gr @RI MBa, O, b G’}}lﬁiﬂb@d Iof:mb&bd:lﬁnéri‘&lﬁ frbm ghsyp BB omrmpeaoahc table (N,
As used herein, the term"H VI type sem conduct or

mek.eks 8branddihs any material predomi nantly conpri sed
of one %E u&%&\%re gﬁ@i‘girﬁ offf &Hﬁcdﬂ%u@tﬁi' &B{%Q@%é&ﬁg fmy material

tabl e (Zn and nore el ements from
gr ere@onvinBhtdf cantyeispeof odice ntcab bleme®s fism Sepp T8, ofdmaperiodic table

OZZ'n, Cd, and Hg) and one or more elements from group VIB of the periodic table (O, S,
Se, Te, and Po).

As used herein, the term “wafer” means any structure that includes a layer of
semiconductor type material including, for example, silicon, germanium, gallium arsenide,
indium phosphide, and other ITI-V or II-VI type semiconductor materials. Wafers include,
for example, not only conventional wafers but also other bulk semiconductor substrates
such as, by way of nonlimiting example, silicon-on-insulator (SOI) type substrates,
silicon-on-sapphire (SOS) type substrates, and epitaxial layers of silicon supported by a

layer of base material. Semiconductor type materials may be doped or undoped.



As used herein, the term"wafer" neans any structure
that includes a | ayer of sem conductor type nateri al
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arseni de, indium phosphide, and other I11-V or H VI
type sem conductor materials. Wafers include, for
exanpl e, not only conventional-6wafers but al so other
bul kK sem conduct or substrates such as, by way of

NPRkh Hrbtd) Ohes ATk Soe i§ hlatl€ @M BvaftlISH ﬂﬁﬁ@lﬁov@ﬁ@d}:sch)ﬁﬁ@l previous
substrates, silicon-on-sapphire (SQOS) type substrates,

aneeysisteas aly hheg/eges ugtizasi Piatlsast Suppby faer Pymepty grmmponents of a
t S t | b
P B U bR LR TRErng: 2o Nl ref er once 15 mado

to a "Wt arustrhtfork Peestabd Datingreias eidapt o da ,actpale\xw\mysf any
process steps may have been utilized to at |eas dealized
panticalef Wleﬁl@ﬂhdf‘éfﬂcén@ﬁiﬂ@fyo?eucﬂ%ﬁﬁéﬁt% sytens, byt ?r@mfe‘arl calize

?'l%‘%g)r&%m'a fE%Xl?ﬁre%HﬁJWaf ﬁ?@dé@tnﬁé}ﬁe ﬁ@t &k invERGon. Additionally,

PParT ons prese erein are neant to be
aeletithts\ogisortietaey fardsinoay rateimiberssrye tiguéroe] desegmotign.
cell, workpiece, or system @H%Ut are. ner el [

i deal i ze £
r epr esé&htaty &%P%?IGFP%F%“ ISB}QFé‘&at’FG”%‘ég% ) gebqdygent ot a
p e bohe 9!%@&1‘{ §\@QR&. YrheSh&RBRIISvie® MMMy include an

bet wee d%l gures may ret aln the sane nuferi cal
d@{ﬁbgﬂ‘aﬂ icouit EnGrising 4 Wumliparitcahory |cgl§‘S125 @@d 'qh@ fagmory cells 12 may

hemati ¢ .vi ew of an .enb

o PO BTEMSIAR BN YE T GES G et SRR PG ihitation, the
' '?ﬁ'énlxtq? &k iﬁhﬁﬂﬁ@ﬁﬁﬂlg&ﬁ frpéljﬂbraﬁ@lm‘frbﬁk B eolphiy. GH‘ IGt YA is a partial
of nmendry cells 12, and the nmenory cells 12 may

arcrcasrgecdmnai \agW zaakﬁ@yer@ﬁallyrtmomlaﬂwsé&tﬁaéa g ang ﬁiwamgme memory
l e and no 12 ma
oo PRSP Loh ) el EPRY L 22

I A i's ardpeiitaad ﬂlﬁﬁt&ﬁﬁmstﬁétrieﬁfmajr ce)l]sd\’ﬂ/ateaéhemuﬁﬁ?((ﬁ CleA yoccupying a
through the substrate 11 and |IIus rateﬁié}three jreno

C aiier i GahPertie i SHESHST oo 8 HROGHORh BORF YRy gin actualiy, the
%%gt%teclell +1§y %%relz;{ Q/elgfqﬁlci(érttﬁz}nq Hﬁt%a%%lt 5@ the thentdpe ceils 12 may
Menor h I'A”as occupyin

najcelﬁpy\/ﬂewn@dly tl;nmﬂuportmfoft}hﬁaubutrm tlatBurthermore, gy actwe elements

L RPN DO QRPN AL PIeP U Fellad ARG (g charee

MERS s GRlS orliBal@BMs Q&LAUB Yorfh fieh aétweddmdnl, BRJFoss-hatched to
portion of the substrate 11. FurthernDre only active

eIsanplnﬁysth@éro'@mch@mbﬁgurgehetrgml2 (i.e., the el enents of
the ne;tﬁgsuﬁ%{‘al&;s é%)g%/ gérggxq% Ie;»%ahm nggteﬁﬁrs%ﬁ{issgiass or sapphire,

travel Rleian

el @B BstrAé ﬁaaﬁf LO@prifad fined phei aBWEﬁf Ivm(c}t Mey facilitate processing using
Cross-sectiona gures herein. The substrate 1llmay

c m@pw@emdifqémi@%émﬁqﬁefabl‘aﬂdﬁﬁ’@ BfcaPCsuch as gl ass or
Sapp_hl rﬁé\é}?r L h%}éuﬁﬁtga@ﬁ ﬁ'xag%}ly ﬁ1§fcﬁn]gr‘1§e a 185t electrode 16, a

parti al at € processi ng usi ng
second electrode }8 and a volume of variable resistance material 20 disposed between the

first electrode 16 and the second electrode 18.

In some embodiments, the variable resistance material 20 may comprise a phase
change material. For example, the variable resistance material 20 may comprise a phase
change material such as a chalcogenide material. Typical chalcogenide materials are
alloys predominantly comprising tellurium (Te), germanium (Ge), and antimony (Sb) and

include, for example, GeSbhTes, Teg;GersSb,S, and SboTes Chalcogenide materials



conventional sem conductor fabrication processes. As
shown in FIG [|A each nenory cell 12 nay conprise a

wo poosti2ebect rode 16, a second el ectrode 18, anPCEHUS2008/058485
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vol une of variable resistance material 20 disposed
between the first electrode 16 and the second

el ectrode 18. |In sone enbodi nert-s, the variable
resi stance nmaterial 20 may conprise a phase change

Mahebe &harad?@fze&&?lﬁfﬂ @neitahéhertaedl dahild BSG8ISHG 6.1), Where a is less
mat eri al may conprise a phase change material such

adian abhy F@E}’&Y%@Shﬁl‘ié} s gpoverppiicaghtéRal cogeni de
mat er i ﬂl zﬁ]d?tqoglflaé s GO éﬂeeﬂltelﬂ 8!5@ Eﬁa?érﬁg 0 gsay coxaxpnse one

tellurium er mani um anti nony
I eicYaidas mfa&nabxm&lbé‘om@eo &bieﬁé‘coio%&@a@ietcﬁ&iﬁ@ﬁ filrasitbuch as, for

Rt 8F b CEA cR O CTetieds (STER e A heh 0> In vt

Bﬂh@r &ﬁﬁﬁhﬁlgﬁg Eﬁ@%bﬁ'rgﬁ&%cfe 'rNa%r(a@ 5) 11@19@01@1ph§e ABRNS or ternary

out ei ght I'n additional enbodinents,
v dopedtuir emﬂcq.@d s:kaln cwtertd ewdhas, f@ﬁemgpl‘t; apvi B@T@}esﬁﬁos, Nb,Os,

v o B CLbESp oS, gl ShIY % SAHedeh egpalc e

- &%Mt@n@ 5’\/@'\@0{0\1‘&3% Kk M OeBanblfeMsbe 0804 B resistance
0Sr xTi O 3. %ﬁ; ot her enbodi nents, the vari abl e

r e@tesatahmclelémaﬁt ed chadcpgenidle elpaped the zenchil famyulod,B,, where B is

tern dop [

SRR S, 0BRSS P TR . e oot an
TaheR A Mc@dﬁlﬁt@k@gt ortdf enent &ideh Gbﬁ@ HIF}BI (B,hel; Gar ke, THhh@roup IV-B
vari abl e resi stance material 20 ave a Perov kite

e . Tk RO YT (YT iSosbuih PE D o RISk dar £ AD with
Wg}lg&l rﬁbl%e'oc@ﬁuﬁggezxc%dqp@ﬁ ‘11106:}@ 96 frgx%t%n%étapéfﬂgﬁs such as, for

gener a ere Is selected from sul fur
( Slamsiel mlAg,rP( $h) Cdaldetx;e(Ed: Wi NimMejnd Mond i xt ur es

e e bt
Shavif€a 71 ené3 b) pmgn"?é{@tovdr@n (‘lh‘eci BRASeal 5&1’{&&5'“)1‘@11 %urﬁ@é‘ﬂ&he
VB A i

one Or nore opan S
s ebb:uteeﬁd vﬁmm rﬂ@btaecamﬁfahaia’&ﬁbhnﬁ raneindicod 2frstragturally and electrically

el e uch a for ex
mte) e kpgh < uT Wby @Bvisk a0, FipaEpic e i
e Lt HRMY IF Gl ;Ineﬂqarz)@m 10GHRY fuBBereoBiphigh € cORIewd ©1d2B, and the
haV|n8 a first end roximate to or in direct
a

phgeing and 3opt the tsm@ketrﬁmawg@% Hew bestrpggralp prrhgle@rically coupied to
vari abl,e.r n
B Rl PSR ORIl 0, 8. RRARL 28R comprise

C @Dd1eed, Ileti@diﬂ}eﬁbﬁafee&oﬁﬁnd df&oﬂ@lmwy nﬁlemiah, as didhwrRaFI1G. 1A, In other
exanple the first el ectrode 16 of each nmenory cell 1
mEyOPEIntREy cachItpRIuSEVaPLHTRAY W peRInEIEe a8 AtFa o gegion of an

S%Fo?ﬂ?t Eﬁr o &ger}dp% c%'nﬁlgétfve Rapow re 22 maybe
stTUCLUF & y "an trically coupled to
By way of example and not limitation, the single nanowire 22 of each memory
cell 12 may comprise a nanotube, such as a single wall carbon nanotube (SWCNT) or a
multi-walled carbon nanotube (MWOCNT), In additional embodiments, each nanowire 22
may comprise a substantially solid nanowire substantially comprised of a semiconductor
material such as, for example, silicon, germanium, gallium, a II-V type semiconductor

material, or a II-V1 type semiconductor material. Such nanowires 22 optionally may have

an integrated PN junction or a superlattice structure. Furthermore, each nanowire 22 may



the conductive pad 28. In sone enbodi nents, each
conductive pad 28 may conprise a discrete, laterally

w0 sasarees vol une of conductive nmaterial, as shP@mUB2Z008/058485
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FIG 1A In other enbodi nents, each conductive pad 28
may sinply conprise an area or region of an el ongated
| aterally extendi ng conductive8trace. By way of

exanple and not limtation, the single nanowire 22 of

@&ﬂﬁn‘i@%&}gl@@) 4talldn l?&)btﬁ‘@@ﬂibbé@@tsﬂa;mﬁtnub@mrsmmagsompnse a
single wall carbon nanotube (SWCNT). or a nulti-walled

c arb@@ﬁhﬂhfrf@i*d @énmmytamrwy&aawﬁw [ TRFHRIGHF Hh Y example,
Jfanow 2 [ S ed
NP, R SR 8,8 AL oy v
MRin@lak &He r&bl@*h}raﬁxhﬂﬁmr suéfkaep kekctrisil doodutivie pmdesnum formed, grown,

gallium a Il-V type. se nduct or ri

t ylseeds ehp Geiticv) SRkt aPdle MSTER Sednom isauscyped i Kl detan
oggo%nally may have an |ntegrated PN junction or a
supetiattice structure. Furthernore, each nanowire 22

mayc Omﬁlse)raznsem@f@eiﬁ:ﬁycsfﬁli JA, ﬂle}ﬁ@t:ormitdmé 26 of each nanowire 22 may
enbod wre. 22 rise

s B Skt Yaﬁwf%%ry i %%8%311%C%@%‘t‘éﬂfnﬁ’SFPg}d“&BH%Pad Hipy way ofa

Ofo lﬁ@@éatﬁ%ﬁﬁﬁéﬁu{é 9. BRI hird<C @ Ba ducti GORBATtic ﬁﬂllcﬁare 30 may
nlc num or silver. Any type of nanowre 22

may dbsposu:éédtv@n Itl@rﬁgcqarsi mldé’-fir@éﬁm nagoith 2B prdthe conductive pad 28,

suffi,ci en Iectr IVI

PR EnBE S BT aR AP R BlaY e Sl R P R AR oupted o
C%'o’thsthél aanoaﬁrecamasﬁ@&nﬁﬁamrpw er. Uk¢ adrdubibleaatal Mictshructures 30
continued reference to FIG |A. the secaond _en

26 of
eanty heanehiorataetes fopaatpn e tinge sENErs 24 |0? Ggiﬁaemfy cell 12,
eIe tr| Y l, t he conductive pad 28 by way
0 Saisg%sn uctflm\%g&@a?'glby %‘2 structure 30. In other .
wor ds, 1asea8dmbbdivencatah yitnovist Tuotybegd®nmaythsevise formed in
dlsposed bet ween_t he secocggend 26_.of egch

i 2
arsifus wailedg pihse ephed iggats,z%a AP W2 28R 0e go&gino?%xgneed e?sewhere
g?a‘gg'tsér(ﬁéégﬁ‘nhy?8&%113&33%}{1% By Baf U 2k i¥c@Bdl in further detail below.

to both the nanowire 22 and the
cond uctIn\semp adxbﬁ&lmeiﬁtseea?b mautire/22 mar hat\wancwsnag@ dramets of less
30. maybe used to cat ze the for tjon he
nah HeD BaRGMYEs f YOS lya%ac |n§ ¢u slgee ?h%e an
fupthge d%ﬁrk?ér lor B&lvews aot ﬁ}%éﬁlaﬁ&hét@fsr(s kS an@asdut six nanometers (6
nanow r e may be grown or otherwi se forned in situ,

\Amiilbn|sﬂmot€h1@r)d1€frﬁb§d iGyemmere e laThh 6EhMEnowireERY (jave an average
Wi c{) ?V?pﬁt%goffr%h%?en a%o owiréla%m% s 4 %@%g@ Q]BAL? fivQ ﬁéﬁdﬂ%&g (5 nm}in

Y cer I'scus urt
dedodid erfiRldoMéntd. N sonme enbodi nents, each nanowire 22

may have an aver age di aneter of Iess han about te
nanonet Bisaverge Hrykneipéhputmne of wab}e TS AR 20 between

MaYie RAY €04 of each nanowire 22 and the second electrode 18 may be between about
one and about three times the average diameter of each nanowire 22. In some
embodiments, the average thickness of each volume of variable resistance material 20

between the first end 24 of each nanowire 22 and the second electrode 18 may be about
twice the average diameter of each nanowire 22.
The second electrode 18 of each memory cell 12 may be substantially similar to
the conductive pads 28 of the first electrodes 16 and may comprise a discrete, laterally

isolated volume of conductive material such as a metal. In other embodiments, each



aver age di aneter of between about three nanoneters (3
nm and about six nanoneters (6 nn) in sone

weedpede4sesit s. Even nore particularly, each nanp@i/Us2008958485
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have an average di aneter of between about four

nanoneters (4 nm and about five nanoneters (5 nm in

sone enbodi nents. The average-#hi ckness of the vol une

of variable resistance material 20 between the first
eqdorfelfiroda B nanawbik @oddriadsh drbeosegiondf gl aehg0aeatbilly

may be between about one and about three tines the

asrdermigiee Windwstvetragt each nanowire 22. In some

enbodi .

vart abllEop B EHEUR S, DR 30k FRF Lo eprically
24ithh conditinalinnd4 ey 2y ahdedtfieal seaand3 glaad tachdestkBeomaye 16 also

be about twi ce_the average glaneter of, e E nano {
omay ppaTyscasgleiealy vis aﬁet efcoélﬁ%wﬁé‘ﬁ%% gy o \fdz ehigigal
b o&#&?s?}ﬁ% L @hilidn eﬂ'bb@i?ne%% 28 &ARNELb %S lgﬁ%éfrsi;rtﬁlé@fcomprise a

t el ectrodes may conprise a d
I aat;:emajrlpymos@jf atcentiuetlehime, ofid themouadri vellsnigt reed adt isclofle a separate

In ot nbod t hsec t rode
B S OB TiSE ASFaq: SFPaGr iy Sbodincs. the
eb&meﬁ al@behahb Yirs%éie@t‘ﬂ@de@%%ﬁ@%tdoﬁ%n%é @€&iorl &t portion of a
sone enbodi nents, each second el ectrode 18 may

comdunivedine, eldgbe micwary selinil meed aammtliete; aﬁ@patraﬁt?@oewcbye line 36

ctrl contacts 35, and each first
eWé%%?%H%S %%7nay communi cate electrically wth

anot heFuﬁlﬁHﬂﬂl@ﬁé invRiditiongl @fbdaymway, tef firlel @edtfolde ab and the second
contacts 37. In additional enbodlnents t he second

eFleetradsddsnagnarsgchileppnsally swpmusical Wi evndgetiveding; i one or
O{JO ug%%g eEec?ro%]e p@an@tﬂg ts ({;)gd l@il%gig&% LB%QHQSSHIJ%}C‘,{EE)%@QE&(% with a

i ncl'ude 'a separate conduc
comidactie@d. Simlarly, in additional enbodinents, the

conductive pads 28 of the first electrq 16 also y
conpr i Sdthgughepnt é]?P"tS‘? ndf i 6n€36i‘ MERH aﬁ}gf f 0 MRy é‘lc}‘%dm access
t hends dﬁgmyse@&hba aegsgeg HAQhmE A% il WSALBRGkFons, as known in the

con tive Tine ectrlcal cont acts
Fartt hernore, in additional enbodi nents, the first
el ectrode 16 and tH second e tro

ol cot 1 ACEFTYT SO TP E IR g 31?&15?%* ofigler G as 0

ORGrQEntROhLE Pfothe i+ {rﬁtmﬁbf R6dd @%ﬁeﬂﬁd@@ﬂbé&&l(ﬁﬁ G@Rdeference to
el ectrode 18 may sinply comunicate with a conductive

p&tGS AR-KGugh not shown in FIG 1A each nenory cel
12 al S% % 1sna% e%%r%e%%%vg 8?1%% ﬁtrs?{ %{e%ﬁgé Of6 g%ond electrode 18, and

sel ecti accessi

ORGfAl Q@@tan@ﬁmkﬁ@ﬁm{)ldf ohé'lﬁ‘lemory cell 12 shown in FI1G, IA. As previously
discussed, the variable resistance material 20 may comprise a phase change material. The
variable resistance material 20 of the memory cell 12 shown in FIG, 1B may existin a
first state or phase (i.e., the atoms may be disposed in a particular microstructure), which
can be detected by providing a relatively low voltage between the first electrode 16 and
the second electrode 18 and measuring the magnitude (e.g. amps) of the resulting current
passing between the first electrode 16 and the second electrode 18 through the variable

resistance material 20. By way of example and not limitation, this first state or phase

(and, hence, the current magnitude) may be selected to represent a “1” in binary code.



art. A manner in which the nenory cell 12 may be used
or characterized so as to represent either a "0" or a

WO 2@08/124328€i nary code is briefly described bel oRCTMIE1008/058485
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reference to FIGS. IB-1C. FIG IBis an enlarged view

of the first electrode 16, second el ectrode 18, and

vari abl e resistance material 200of one menory cell 12
shown in FIG 1A As previously discussed, the

var i ablle chegicshanate onphae bﬁihe%ﬁaiﬁtyresismpcé meteﬂalpﬂﬁ)as eclatively

change material. The variable resjsta rial
ohaghn@l%ﬁamb%@w} égstwmtherﬁrf%ue ctry IPa%P s aop 886“066 18
Fid ﬁhu&ta%%u@a?m% AS&eht tBrough bR \AHTE remyan@@nﬂte%epﬁe dThis

in a particula crostructure), which can be detected
byelgivais Idizin guraent ﬁba’tng\ﬁbtosagih tw muhhiagielstaetmma}%@ may be referred

f I de 16 d
n'gg%{}]mﬁ? P,Tg)(:;%q%gﬂﬁﬁélﬁfr?ﬂ&gé SQus g 903}9633% le Ot z{ %éa I’%%YIII)II ? }] af the volume

CUF L ANbIRRSSLAG RAtNRe0 4 mfﬁt}%ﬁttteﬁb@ﬁw@maﬂ& AMendia the state
second el ectrode 18 through the variable resistance

mat Plﬁasabf@l@ poBipnid\of die wxiablgiresisinge nwterial 7, eashayn in FIG. 1C. The
t hI I%III@? IIIS?;%%IS NS SIII %% m[(ao ﬁg%?@nfg%‘{ay 691%?& lfI{; .f,I%@tIncal resistivity

b'(zﬁﬂr YveRee, d &)fﬂhé’tﬁg@) Irhﬁe sdcahi@ state op hase tinh dif% from the electrical
vari abl e resi stance nmaterial 20, a relatively hig

v OrsiAiyRY iretfe et prinar pharch dsigERlt He seond sta ‘édlh@%?o‘@ni’s detected
a I I

g aedE pRETARE n FUBERIPRE o OpqrRELAGR: Bk Bltidtehnd he second
2Qlecifhdes! & zeidahd:a%ﬁhx)g the ghigoitudedat., hinps)iafghd leswtighcurient passing

varlable reS| tance materi a ere
t ety Jredr shgrueds feard o1 aeqogg s@a%m@ h‘é’gICII II|bs différept from
S R Jna%ﬁﬁ:gé Qe }TIIeaQIre(I BerdrPbMERme v aNd ARk BNEEShREANGAS in the

mat er | O to a sufficient tenperature to cause a
cfasigietd or hhes. Shavey of expmabendinot hwitpom; thinseorkd wite phphase (and,
vari abl.e resi,stance nate
TR ot bird Sugr e P st EReE B Rl gy code.
then mepheguht RhtraRB ietRGbitoaall dresd wiMlerdsig@Re material 20 as the
inversely, a conductivity) in the second state or

pIpacgammang ‘daﬂfeﬂélﬁ pagsed theretfroegheis dpe ahe elestrisalirgsigtgnce 9t the
the f.i.rst

g{%bI%FesB: s e%g%ﬁal?@iﬁ{thﬁ%no e, tﬁé %II’léiiIﬂrt] ogg%a\? g%%?zged in the

r qioatdnml of thoowirvbletrageae hvweetal tzm af( IdastpaﬁIaﬁgtarfGﬂmoﬂlﬁyfthe
and the second el ectrode 18 and neasuri ng

wﬁl@ﬁ’ft@fd@é&t}fén he poa%%l offthe H@albg*srgwtp% 1’&%??% ap- For a given current
p%sagéi g%%%a}ﬂﬁe ré%iﬁﬁrgz@ I‘r%@e%r{apg@bét@]gépﬂe tﬁE’ﬁ eREEONI 6 and the

ect erent fromt
n&gastmti wtketrodle t8;aaermxamnrc&dszc}wmnbmt/amhk:nestmmoeaunatabﬂ @0 is at east
resis ance mater.ial . 20..s in,the %lrst sta

r phase.
DY BT vRSLARST B SR TIHF S P TRES | S B0y (o the firs
Stah ey %rf a Qﬁ%&%aﬁ@@ge D8NG pokiAf 0T RRANE FdiH8E1 6 that is immediately
magni t ude be selected to represent a "0" in
bi ddﬁicyx}tamdt@ onume of variable resistance material 20, the current density in the
portion 21 of the variable resistance material 20 is increased, and the programming current
required to cause a phase change in the portion 21 of the variable resistance material 20 is
reduced. By decreasing the required programming current, the energy required to operate

the memory device 10 may be decreased. As a result, memory devices 10 of the present

invention may be operated using less power relative to memory devices presently known



The heat generated in the portion 2 1 of the variable
resi stance material 20 as the programming current is
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resi stance of the variable resistance material 20.

Furt hernore, the anount of heat_ generated in the

portion 2 1 of the variable resl stance material 20 is

at least partially a function of the current density

i in thhertpbey inop b ofieratied aﬂegw sheddk eclatbsite mamoey datiess ipedsently

2 iven cu S hrough the variabl e

g%‘i’ %g%g‘ﬁﬂ%ré‘?%yﬁéeég % %V%P HE% i rst el ectrode 16
and t h&/,$86oRMhBHLLE FREEnlEnbddiae@y bl BBhotansidey adddrding to the
the variable resistance material 20 is at | east

pardsémlitwengor, gndidsdhe wtmphedeyiced Oshovnén ElnllPe pregiesqribed below.

e rodes n e fi f

. Hg‘%céloﬁqgﬁigwrfpgo%éh%ﬁmﬁwgs grg sc(;)dfr‘t])ecg) g/gtp %eﬁcett% s%qg}e memory
e'c&ﬂ 7 OB rddick Ntvelér, b ﬁmEzﬁit@bEﬂnyma@l @tlen? niag beermed substantially
vol une of variable resistance material 20, the current

demayitapequslyrcies ybrtatonl 2nd thermemeryrals kbiey Fagpsedpggory cells 12
o%grr;é (%J ;ﬁgracgr df%én? %ng@shnﬂ} the programm ng current

r equiy ed’ ase change in the portion 2 1 of
the varA it anb(&tﬁﬂnﬁﬁtaj‘f@end‘rmcbﬂmahaﬁﬂe ised tefluaabe mBmory device 10

d th d
By i At bSO Ul BRI RrS: Sl Rl g Fif 24. 8
degr&a elq méysbc?prf)%ﬁlz‘(ll Ly 8 @P?ﬁév%@&’l&%ﬁ%ns]s@d Qayt ddhprise a full or

presen invention may be dpetated Using | ess power
r @Iaaiai wefet of mm@udevma@salmrelsnmme}l Skﬂmmglaﬁs theapahire. A plurality

t y .be ate t hi her .S v

n@ﬁﬁ?‘irg‘il&%‘{ﬁ @g‘ggé ?@Fﬁg BV Slf l he Sglg %ﬁé&l to form a
off @k pibQL Qs $146h iR dY@NRIES co\'{@ﬁét%@adiﬁi‘lmﬂgﬁcérﬁ;ﬁnse for example, a
formng énbodi nents of nenory devices according to the

preesévtivi metshsichs tungstgn agiﬂah@m@rﬁﬂeya@evm%e fpomedBsipg. for

aczeris oW BhE FERTLUE RN e el iR eFRpiiong VD

t Q)}@sx@zll REhE RPERiH (ORID), dpiiteding, Iﬂfeal@lhll @Gporbmbe\beplahm) and
plurality of nmenory cells 12 may be f

S UBYETANLS iacrhlnyluﬁ (R trarE sty e&.lw@) gacbxg@ rnatb% arf of injgegated circuit
t ngn”%ﬁgﬁ y 8(% i)t?al }gat\%}'@y SCRRI f §§x%§g§gerﬂ¥e %ldlf,xﬁirvé?m% 36 (which may

or a ura frenory’ devi 10. A
e I’ﬁhﬁﬁllyl’tﬁﬂllpnﬁsf Ccﬁ}dmﬂt\hqﬂdi ;Ina:ﬂdmnyddemheéhmm)hm nhettheal contacts 37
menory device ho in FlG ribe

r df E§- éﬁ%)éﬂslodmp:}j oryed o ot ipdh ﬁ%gf(tg ratﬁil m,a snmlar manner
U(gﬁ&r ggj r 2dbsTRYenP® i@%\ﬁg@l?cdaonﬁ@étﬁf@ pa@Z@rﬁ&bﬁwéu\éh additional

cuss may conprise a [ partial wafer of
s efiritoen dreatoo Al luseated indf1GSr 21&%&@@?11}331@@196@1% gl ass or

sapphir of, con

for med %:hs}@%ni il ?:Zé FAJ AT 8? H}teﬁgtrg:dxgzgwaé @ n?l.ai%t (?r?v;ded over the

a WHKREEGR,, afexFREMMajoR sirkiee o Bhe stbra@Ondu@tthy €ondactsie pad 28),
8 may conprise, for exanple, a conductive nmetal such

asarﬂwng@écéweo A2 priay daiprewidadiere Tagaordiglegiac nterali40. By way of
uselxrz;glple QM not limitation, the layer of dielectric material 40 may comprise an oxide such
as silica (SiO;) or silicon nitride (S13N4), and may be formed by chemical vapor
deposition, by decomposing tetraethyl orthosilicate (TEOS), or by any other process
known in the art of integrated circuit fabrication. The mask layer 42 may comprise, for
example, a layer of photoresist material or a layer of metal material. An aperture or via 44

then may be formed by patterning the mask layer 42 to form an opening therein at the



exanpl e, netal |ayer deposition techniques (e.g.,
chem cal vapor deposition (CVD), physical vapor
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plating) and patterning techniques (e.g., masking and
etching) known in the art of integrated circuit
fabrication. Additional featurks, such as, for

exanpl e, the conductive lines 36 (which nmay sinply
clonpionsie whahdus tesied paflsmi the addidt dmnadhienthe diyeeof &}lectric

and electric contacts 37 (F I al sg maybe. forned .
Gcisrai ) thingdh terreaisen s et 4 e TPl dpsotsopic
NRAARK Pl le0 gm@ﬂgj aahiﬁgpl%%&lgetetexf)&eﬁm@ﬁd!@gy&? @onductive pad 28.
conducti ve pads 28), although such additiona features
aflee proticuildricosiprsitieniof the Eis@Suse@Ae 2¢nerade giempddtify ianhend the
fiqures. As sho in FIG 2B a laye f..dielectric »

g gy b Bebuasiooy B B8 uBIBh ELE T mposiion of
afhe BXROSRHIBR}HO Inafdiaf 4C ehohadngyg ubsiniahecchlivangd faaes.
conductive pad 28), and a mask fayer 42 ma

be
or ovi dRefeovrtofife. 1Guyder Brmidhern it ov e vir copguctive
wa e t b [ | . of. . .
AT b S WS By o
SfabticEatd tbhiOthe n@dsk $dylel $DMndht CortRic i pa 28, manisk wsey leetch away the

formed by chem cal vapor deposition b&gﬂeconpo& ng
t Stneassk wyfecesof Hisdiyer atelectreamyiona A0 pythimipe gt i, so as to undercut

PARSFES, MOVR, L LLARIOY 811151001 4 BCEhE G pmica ccting
eprangk eaydclagkio wiiephohoresids tA grat, dreipatticafar aothpystiorodt the
met al. terial. An erture or, via 44.the be . .. )
et By PR GO RO ROR Py Erronsop g s eant diclectri
ORGRLAII RN RAR %rh@,edge%&o%eu@ivew of it is desired

to formthe via 44, and etching the | ayer of . _ _
di el eclradditirmplegmiaidiments, Khovig 4 iy begemadrusingra sigle isotropic wet

sk .| .42 usin for.exanple, .an ani sotropic, ..
B S e e st G PR Bl Ph Sspinggocess
t figlowRd 8y la iidgopio ety ehdrviGalReshidGroddRe parti cul ar
conposition of the Igases used to generate the reactive

i ons aRdferire ogdEatlP myshsde s depasitiongrogehemay bhigeg to form a catalytic
o] e]e e I . : c it ) )
PLORRES o704 APLEEH S DRSO 94 PRl ol Bl descrvod
4yr candplehienicelindaet Paentpgghli2@ionRebicationNd. SFI0BH/(BE) 556 Al,
after form n%et he via 44 over

th lyi | |
oML Pl S Fn 30N g Rath ST AE e dir Repigance Variable
ehepiess ayay e)E%g%l]é, t@lﬁeesrub% tgil ﬂn%? Bi gf-bgﬁ%ﬂ% b AkpAfioAlch@mber (not

faster rate t e mas aye the conductive

psith w28, avdye dwecrabdickctionad flol dwiymd dfeaekposedrislunipeesenerated

of the I.aé/?x of diel ectric material 40 Wthidn the.via Th
aBrerelyusiag. dor SAMI #f SYARaralipR Pipgessey a galimpte &Hﬁﬁf% process. he
apehirkd tinhBAP OF atBihs b B4R InCat MR 1GBSREGAl iRTFED] MY by the
process may be used to undercut the via 44. Again, the

parrtdtiontlarross o distshowindhe whtkpidse fircabstetecHamayigyprigated at an

(Sjg(léq%%%}e Je gﬁ%s%qhé)nnni%e ? dgé)re so@b‘t)irc(:)lgt%\(/)eftottftn]eegén%%?hm%fof atoms of
catalyst material within the deposition chamber, and the workpiece may be rotated in the
plane of the substrate 11, as indicated by the directional arrow 50, while the atoms of
catalyst material are deposited thereon, By orienting the workpiece at an angle relative to
the general direction of flow of atoms of catalyst matenial and rotating the substrate 11 as

the catalyst material is deposited thereon, a generally conical catalytic structure 30 may be



material 40, the mask | ayer 42, and the conductive pad
28. In additional enbodinents, the via 44 may be

wo coosae3esi ng a single isotropic wet chem cal BPCT/OB2008/058485
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process instead of a separate anisotropic reactive ion
etching process followed by an isotropic wet chem cal

et ching process. Referring to-BG 2D, a shadow
deposition process may be used to forma catal ytic
stﬁrmxeﬁ meh@@mdmtvie@ad GRcudin the vpad T2 ®aswi afhthagdniemllyicanical

RS SRS SPareT HBO LA e AL RS i A cgrductive pad 28
ZQQQJeQ%ta}%% 2BuAlire 30MD IR @R rdMPAddShE dp EHRE g,@lgerall?}o&ﬁ;cal catalytic

and entitled "Smal|l El ectrode For Resi st ance Variab
Detricters 30 nprhags aepise seatinpal sudasimiardo, 1 desy thee, tbmcﬂfuadi@@lred

' d it hanbe
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gengéat aslriReReiHads idegbsitfodrprevesdTBlIBier 8NcaON AP efabdriaDS also may

process or a collinmated sputteri ng%I%rocess The
géndersited e theonask lnyesdob shewmin G- Bk al yst materi al

isr epﬁg%&d}{u’?&g hlgb!\;:\% asm% th¥\ ][':b? &ESE% ﬁ@@iﬂ)% m;p%ésoriented

48. As shown st

Oksigsirgidil@perpihdaaldrei. ang |aﬁ a@éle béﬁﬁ)u’t hﬁﬁtv@e@@éy(%é)gehﬁ% to the
(90) relative to the general w of atons of catal yst

meeFdlowpk Hyms 9%@*%% m’ﬁ%%w1tgwath%%?posﬁﬁa clgygber.
WO rkpi e}ﬁ?e TEYnif eth%?:tdt%h@g SiTHCfEIII%%OQ)IHQH@C(QlEU&% p%H *9§ tuﬁé‘ﬁr?the via 44,

as in |cate directional arrow 5
t m&: layang cﬂé}ystat:ablyzﬁt52 rad dreiradskdaer d2 ptasflbtecfnwfénsmg, for
By orienti.n iece  at ngle re ive tq.the
GEnePa PR DI B e D Bp b ar it éuing focess o
QNS NS rpr(ﬁ‘:@& 16 Wra! hRYirb NG SHOSH At 16, 2E. &5r SheiabalfysiF layer (not

materi a deposited thereon, a generally coni cal

cahavyriey e fbum@dj peer 3% }m l@éﬂ@hﬁéd: roxtetid éﬁc&ﬂﬂ sdghie mask

: %’%%W‘ ; hgl eli’osﬁeas(fwer ure 89 T%e%%ftq rgﬂﬁ a‘%/ e fom%d through
e | tR&ﬁaﬁél@l@&érin cu pifredt laQer hel t@@ Inﬁzaﬁ(bﬂ d€eqdd m%&masri(l hed the
catal ytic structure 30 is forned thereon, and the tip

fcatah@cg@wém Hoynaohs feameden té}w?mbwgw pack 3% a'high Iﬁ%}g/result in
%na Jfo‘ﬁ ro?g'ﬁﬂg‘)%g F ORA st B 1a§ 55” as ?Fexﬁ&?slyqﬁeﬁtl,%ﬁéd t’ggerhﬁ -off layer

esired ave age | amet e a nanowre

( Ehéﬁ mhyhe dtape af\mylﬁmh t?@wmnhplem apt ﬂhe K)mri;)eng)mesk ided 42 and layer
t hereon. During adow depgsi t rocess, | a

ofof éardic¥s e s rg@é{@@ﬁwﬁ S effaucs Lesier e

nﬁglﬁ Cfl)‘%f%flﬁ A5 Ia?e? ?fh%‘hdn@l Ehbedidbhts | the ﬁi‘ég{ l"ayé}n@l 1tsglf may serve as

t he wor kpi ece (or substrate
oralﬁhbﬁ”da)s:nbst antially perpendicul ar (| .e., at an

I b t 90
qener arkarons i Pl SRy G ey Rtonst o U %4 e fiSipgdne cotalyic
depasitd ANn ¢ with b 8feldc@idvhaeridl g, &Bich) optiogally, may be

structure 3We conducti ve pad 28" within the via
4 fubstantially identical to the dielectric material 40. By way of example and not limitation,
a conformal layer (not shown) of dielectric material 54 may be deposited over the
workpiece to a thickness sufficient to fill the remaining portion of the via 44 surrounding
the catalytic structure 30. An additional chemical-mechanical polishing (CMP) process
then may be used to planarize the surface of the workpiece and to expose the tip 31 of the

catalytic structure 30 through the dielectric material 54, as shown in FIG. 2F. The

chemical-mechanical polishing (CMP) process may be selectively terminated when the



the | ayer of catalyst material 52 and the mask | ayer
42 may be renoved using, for exanple, a
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sel ective etching process, or a lift-off process to

formthe structure shown in FIG 2E. For exanple, a

lift-off layer (not shown) maylée formed over the

| ayer of dielectric naterial 40, after which the mask

| apeof dR stEycens tieRosi bedsaviroughend difltetné fna{eazybm bﬂ'ﬁne

via 44 then may be forned through the mask | aye
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e nask er 42 itself ma
| Aanne s @i tah ey e B PRePaliediily S pbRetg nown in
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opltemhadi 1y fqmyarbp!esﬁbwa RfiR & aly Opadiviceviendl Yappeructures: Synthess,
lafec%{feirf %I‘lg]?}l%c; ggzrc,’ﬁg sy aS )g?%tn%f(% %@Hﬁis)%ﬁ%ﬁ)q%arch 2003). By
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ani ca roéess then may
bewﬂSEMHﬁQemh@ﬁanh@@nmhm:3mmﬁmﬁﬁ)mmyt@emmmmhbienéﬂmnﬂnewmezz
to expose the ti e catal ytic structure
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h%&?% g{ qsﬁuﬁﬁe%open Qé En%{figgilg 85&%%”%, %@PQ‘Q&E% &QB&%P&: a HI-V

squar e nanome erring to
2G@ypd fenitdrduddr ohtctibieoredl-al tyzpd: sms‘tasmientmr maRfial Héaricmyypes of

be used to catalyze fornatlo rowth of a s l.e

GBIONAUSe MHEH U5 al DAY Pe U ngy’ 1YF%@§nWﬁB a3 g pctant
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erlals are known e art an be use form
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Wessels et al.

In additional embodiments, the nanowire 22 may be fabricated elsewhere rather
than in situ and positioned within the memory cell 12 using, for example, a selectively
oriented electrical field. In such methods, the catalytic structure 30 may be replaced with
an electrically conductive structure having a similar shape and configuration to the

catalytic structure 30 but that does not comprise a catalyst material.



described in. for exanple, Younan Xia et al.
One- Di nensi onal Nanostructures: Synthesis,

w@h@saeses i zati on and Applications, 15 AdvancePCT/US2008/058485

10

15

20

25

30

Materials 353-389 (March 2003). By way of exanple and

not limtation, chem cal-vapor- gep03|t|on processes,

whi ch optionally may enpl oy t hé>so-cal | ed
vapor-liquid-solid (VLS) mechanism may be used to
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xallnpl%n edo%&% Jﬁa{én!alh efh%%%[‘ X{ &1% el:tln% %mlt'é*la'i] ?6 ﬁagl g su‘tfs;{]antially

vel'y orien el ectri ca

S ll@hfo@iﬁbi%d&naﬁﬂ%&iepaﬁlaﬁ yiréahs twbthii&d:e o Bhickmyssoafficient to
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havbstgIEFaTr e neRapEe 3T st Peeplcsd mmay be planarized
c q}sﬁ'{ YL @S W Ilﬁ’z{n?cal?’go}gﬁingt(bﬁﬂ}’)%‘?&%smtexﬁ@ﬁﬁﬁé &8t éhd 24 of the

st materi in sone
enodivire 32 gyrotdhehndinbwiricen@iald§, dsshown enkiéd 2H

: 3 g: E ?gl%elé‘ca,zg‘_ag?é\;gﬂ(g gi daltﬁ%g %:ﬁaﬂroa]bg glgef %rsp e&%rbzlﬁ:? tlhegnanowue 22 through the

NaRQWitFi€haltial $5, 3 vORhRCI e ribhlE RGlstR0e ﬁlraﬁ:nlﬂm)/\ﬂ?gay Be pldQided on the
art and may be used to orient the nanowire 11

S Lﬂzso@dtswefadqof ﬁi‘e?rlpléﬂii@f diglesirictrpated Sélaaéu evgfthe figst end 24 of the
ngﬁig%)é{aré 22 éﬁﬁlg ﬂ%e s{eg %Pcltr;)de 8% 5/% Av‘f@éd ijele{h% Vgﬁﬁ[ne ¥ variable

orien O cau

NaRAWE® Hderid) 26 € BoGidy\FleYarhplielagd ndthEnigtiogNd BYErT \f@lﬁable
the nanowire 22 as the nanowre is formed or %romm
t Hesigtameginyaterial 3P mpythgderaiicd pvatthevarPEcp el riloreal il for

t hf%rrgl%g%ey second electrode 18 may be deposited on the layer of variable resistance
material 20. A masking and etching process then may be used to selectively remove
regions or areas of both the layer of metal material and the layer of dielectric material 20
leaving behind the volume of variable resistance material 20 over the nanowire 22 and the

second electrode 18 over the volume of variable resistance matertal 20.



cell 12, as described in, for exanple, Cheng et al,
Role of Electric Field on Formation of Silicon
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As shown in FIG 2H, after using the tip 31 of the
catalytic structure 30 to catalyze formation or growh

of the single nanowire 22 ther&bon, another |ayer of
dielectric material 56 nmay be provided around the
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the nanowire 22, and the second ebﬁect rod 18 may
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of net dleferaibgtd BIG. aﬁdaﬁtthe”omaygtheoma i elcetebitic strwettieri0gnay be

2 i nd th ol une vak i nce.
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mat eri al 20. Additional features and el enents,. such
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S Ipmials}&stop taythis. ithekgbhirecand pohshmg pad of the apparatus used to perform the
chemical-mechanical polishing (CMP) process may be selectively tailored so as to wear
away the layer of dielectric material 54 at a rate that is faster than the rate at which the
process will wear away the underlying polish-stop layer 58. In this manner, substantially
all of the layer of dielectric material 54 overlying the polish-stop layer 58 may be removed

from the workpiece without completely removing the polish-stop layer 58. The polish-

stop layer 58 may be used to ensure that only a selected amount of the tip 31 of the



shown in FIG 2B and includes the substrate 11,
conductive pad 28, |ayer of dielectric material 40,

war@sasks | ayer 42. The wor kpi ece shown in Fl GCBBS2008/058485
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however, also includes a polish-stop |ayer 58 di sposed
between the |ayer of dielectric_material 40 and the

mask | ayer 42. As a non-Iinitrﬁﬁ”exanple, t he
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W@&F;léé@ O, 6 ]p@ Qﬁn%[)&ﬂ %t hRRIBkt ALY &ﬁ{f&%a@ MRUAGT Bélectric

310 ecatal ytic structure 30, if "any at
al ;hatemai SAenpvede i @mrageehxchmeals ptenier thian ﬁl@tdmalcs@)ydﬂndn@le catalytic

t he chenj cal hanj cal .pol i.shin
RoTRF R (e G0 SRBoET oSt e LAT AR bstrae 11. A
Std'h'é&'iéé!—%e@ﬁhn‘id&??olﬁﬁ%g@@l\&@%@odeé& @at ahy geugsart@tanmeqne Jayer of
growth of a single nanow re 22 thereon, 1preV| ously
dedideithethalamal 54 and expose a selected portion of the tlp 31 of the catalytlc

structure 30 through the dielectric material 54, as shown in FIG. 4D. After forming the

structure shown in FIG. 4D, methods like those previously described in relation to

FIGS. 2G-21 may be used to complete the formation of the memory cell 12 (FIG. 1A).

A fourth embodiment of a method that may be used to form a memory device 10

like that shown in FIG. 1A is described below with reference to FIGS. SA-5F. Referring

to FIG. 5A, a workpiece may be provided that is substantially similar to the workpiece



relation to FIG 2G after which a layer of dielectric
material 56 nmay be provided around the nanowire 22, as
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chem cal - mechani cal polishing (CW) process nmay be

used to planarize the layer of dielectric material 56
and expose the first end 24 ofl&he nanowire 22

t her et hrough. The vol une of variabl e resistance
naioeniialF1@UB hehinolybehp sdbsirdied 1 pacedudtive phd E8tandnrdieRdally

of the nanowire 22, and the second ectrode 1 be
pravsedalierrychEe ¢ 8 ro e Ordvaye s gé-ré%f?%}n&ﬁ% Szcﬁ'%, a

RSBl A G A R Ll RS B over e

t watkpiaay. Bhe sidbedntidlyf wnforaa! lepdbed dvbetricohatariaddongy have an
device 10 |ike that sho i.n FI I, A.is descr.ibed

DNERB AR et s T Uy dancp R arsie e SPR g SR fie@0 extends

4ApmanIQLKRE BEGc TBYIREVPFRMI TSR thdhdibstrsie $UDH R adhtlodiments, the
simlar to the workpiece showmn in FIG 2E (using

mehhiodsal pravwicons] hyded drddssis materid] Sdtharhave aFpigage thickness of

2 AP RERBP ER € R S B ARG T

coni caRefedt ) WHIG, SC4aGiniko8 oS0 eQ@Rink o ONHBE iray ®c P& to remove
28. After f)r ovi di ng the workpi ece shown in FIG
d

AA
el portanging regionel thedpser aflicdcgicapierial 54, including

t the geegralin

teri.al 4 e j . .
P TRLTE R SRUTLE L v
Shii Uettipr B dfitheegdrbally shoial danal ik Grudide 3BefAdtar st dneanisotropic

O BInE B0, DRSTOTY BETIUBE A BaeaUE I HRal TPk edere! sides of
:) pwglge ARTRAGLARRY Ray I%H%TS%%; bRt Blbic %Qﬂfn%gﬂ@éesd, @XEthe tip 31

ectric material have an aver ag _
t bf bk eatalstigseattee 30maay tehapaied tlancegh thy dwhicote mhterial 54. The
catal ytic structure 30 ext e.ndg?from he surface of .th

CB‘H&?} pgcv%tc BYPWECSs AV GOEPISH rreg.ﬁg]p q an ia_{nsotroplc reactive?on (e.g.,
CB%%Q?&C}H%F@E!&S@QMH;QI i shing (CWP) process then may
a

be used to planarize the layer of dielectric material
54 and Asxpose il eS8k ke gypesindthe 6 3t o thej ggtaytic sgpctied0

catal ytic.structure. t hrough 4 h i el-ectric hal

o il R g Rl i iy, SRR DR BNl B gZmay be
s bauRzédudhlgGhe 4P3 1 mEtHRedahckeuithese, iy gviiousdy Yescribed in relation
described in relation to FIGS. 2G 21 maybe used

.fo
cnbie 2. tmeotiaes lanist poticlseins atraht (e glay beslepeyited over the
LA Ao i i :
S QU LR RIS B0 8 oy SROCLALAL, S8 ARG mechuic
i polisigy ((hewr) fretewnmal bh useifte pemedzd tbe Fir@Se obiheBaer of dielectric

Referring to FIG 5A _a rkpie b ravi ded t ha
| snegarh ol BIRgOsSreledied POrPRGT fsi i B8 SR1OME THRO P
4%&@&%@5@%'39 vit REF18UBBt hatBowkdin AGNYHCE i) EmPafvABible resistance
and a genierally conical catalytic structure 30 on the
c antiriad 26 endomskcd® elRgfeele rl B nlgentroayheGors @] omthe workpiece over the first
end 24 of the nanowire 22 in the manner previously described with reference to
FIGS. 2G-2L
A fifth embodiment of a method that may be used to form an embodiment of a
memory device 10 like that shown in FIG. 1A is described below with reference to

FIGS. 6A-6L. Referring to FIG. 6A, a workpiece may be provided that includes the

substrate 11 and a conductive pad 28. A layer of catalyst material 68 may be deposited



substantially confbrma! |ayer of dielectric materi al
54 then may be deposited over the workpiece. The
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54 may have an average thickness that is |less than the
di stance by which the catalytic structure 30 extends
fromthe surface of the conduct?ve pad 28 and the
substrate 11. In sone enbodi nents, the substantially
condrahigmibstray . B wayelf ectnple ambt@dinatatibd, thalaytranfea@lyst

aver ag hi ckness of between about t nano 2 .
GO BBHD T o aTRab B G SUOH PO VREE BrY by 4 gputiering or
F ' £QPL Eh&tiehi .
By RREE) R0 U RIS (0D bshen ol
r dgpnmngiodele of by ar cloftroliise Hemtsition terbrerd sekd byver followed by an
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tioBroder alfut "ﬁhﬁ 8RBk (50 faNkkRdbogesiadl MindfedStahoiGbeFs@S00 nm). A
30. After such an anisotropic etching process, only
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st N p2Y Eifedi BER SRR B T BhUEIE SR B e leria e
ofsi,NIR of alakyé i iddmatetialie g 38Ry Themexplaga d Ottherougnbe

the dielectric material 54. The ani sotropic, tcfp@ng
preedsshmicmedin foss 2 dissrelerainn & ofapask maigial gpile surface of the

r ' ' I ) i QGRS .

TR Rk o PLABTREL A0 A RS85 R o
c dinditayibh, ahsdiktreteuegoB802 dfunatkghatetid nivélegeherally nadudariaall may have
54, growth or formation of a single nanowire 22 be

o 4D AP AR SR OHHEYEPS g4 B HEn AT 0 £l il @ hundred
Sgwaﬁetg{sqy(b%jfy described in relation to FIG 2G

Anot her | ayer of dielectric material 56 then may be
deposi tRederdugto Fle 6Wonkpiistepirdty sgaotivedion Kiee. rrdarow) eghing process

22 and | yti _ : ) _
p 6?‘%@?1?5?@& %% geﬁf(’té’% ﬁﬁet lé{;@g}f?’ %fethfﬁga&greq@oc%%* ygﬂ%?x{'eg zgl' Ci%ﬁ\éat are not

syrbieaed B tHekigsctadyREioaf72dif @l LK hiatepialt &rtb &rnbbcadlthid Qructure 76.
expose a selected portion of the first end 24 of the

ndnotticr wonf, e p epTiop @f Hic lager shetiMyitinatirgl 68 pertigglly under the

shown .i n _Fl F i [ ' .

U bl R Bl 5 LR SIS proces. s

f grremeusDNdibdigsadpthls fisere: reyien 72 é nfask stateeiabmad baffot dxample,

nanowi re 22 in the manner previously described w

[ epreht bR pIane RS <R P pel
. 7 | :

Wvﬁ 2@}1& 3 eo(ﬁﬁr{lﬁ*gle?ﬁgttgmg é’%ﬁ{hﬁq@%%%g% gﬁfneﬁ:r of the discrete

desgion G2 df betlowawiislh Thedecencegivo TBloGBiaskMagiial remaining on the end

R ﬁ%ﬁ)ﬁé%%Qy#gstriLtgre %A I’rla)?bél\?erxnkﬁflf‘,g ?r%mnt%g er?f olp thg \ér:lltgl?rgc tstpuactture 76

yhcyiindrical and

using, for example, a wet chemical etching process.

Referring to FIG. 6D, the end 77 of the catalytic structure 76 opposite the
conductive pad 28 may be sharpened so as to reduce the cross-sectional area of the
catalytic structure 76 near the end 77 thereof. By way of example and not limitation, the
end 77 of the catalytic structure 76 may be sharpened using at least one of an anisotropic
reactive ion (i.e., plasma) etching process, a sputtering process, and an oxidation process.
For example, an anisotropic reactive ion etching process may sharpen the end 77 of the

catalytic structure 76 due to an increased rate of etching at the relatively sharp edges near



substrate 11 and a conductive pad 28. A |ayer of
catal yst material 68 maybe depositedover the substrate
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catal yst material 68 may be deposited using a physical
vapor deposition (PVD) (e.g., gutteri ng or thermal

evapor ation) process a cheni calPlUvapor deposition (CVD)
process, an el ectrol ess deposition process, or by an
ektiecindaties shedepogidsiantuto7d. okmmtiee exhntidy,elie faodljtoverticture 76

by an el ectropl ati ng process The | ayer. of catal yst .
nﬁtaé'rheéhareelqﬁlawq&%ugﬁl%?%% Wl EE Tty Bl catalytic
a

ngwn O&u{egféﬁé% ]ﬁgg?&%ﬁ& aﬁ I;)gf% %&?ﬁﬁe nf\k yeic aHHe{'Eglr &Qmple, the
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not pr ctedoEd fwlﬁfr@ alcé‘?}“f“é?]el%? pisH pﬁ)ﬁa\aflg E&%‘E%focess may be
nﬁﬁ@d’ fo% %ﬂz@ﬁletserfgc%r 1k I%?ér%lf)ﬁtelefétrgrﬁéfi&liéi 58 af$ fo éx‘f)ose a selected

ortion of the layer of catalyst
matoetidnadf tl&Btlp/é% om tfcalehgt Tlntide ctﬁlalytzd issetteed ortegitbrouglR. 8f shown in

orabEG: TRe e fRaEpy 1 Susasthe e RDGRLRBT i hithed 0

7?ca%ﬁ @é&la@eh F bdlwtlBYa HRgle b HovERATDhreod @:ﬂﬁ’é@bﬁs}ly described with
ci rcul ar, and the resulting catalytic structure 76 nay

b_ere@eﬁmecaﬂﬂﬁ @¢l i ndrical and may have an average
glf atmﬁte gxzu{?%t aE é ?I%%m@}éer ifxycr o?%e%ﬁ ecrng%r‘i"ag$ﬁ %e%mrﬂﬁge deposited

di $&f BlevdrBgb@tind 2rd@ihd ARSkindRire 0P aind raeﬁammahgledmmdahpohshmg
end of the catalytic structure 76 O;iybe renmoved f

t HENRIprofess fay daveadye plenaralbe e ofdliddigmaespl S6-and expose the
&gtp%x% 2 oﬁﬂge 1%38%8 9# ﬂfe?] fﬁjoﬂ P OGHRFr in Iii%e&r 4 U&uﬁf& of variable

e catal'ytic structurée 76
0 Dﬁﬁsﬂazﬁ@ rhhreriat Q0dbe b kseng ahkcti(&}erﬁ@yhdﬁﬂnsj’l’aw foemed os theagorkpiece

to reduce th CrqQss-sectijo rea of the c [yt i .
LGS FBY A ] DG P R RateT Py sy Gpibed with reference
e@lﬁbg ARdynot limtation, the end 77 of the

catalytic structure 76 may be sharpened using at | east
one of Asixénesbedimpntefa method that may be used to form a memory device 10

like that shown in FIG. 1A is described below with reference to FIGS. 7A-71. Referring
to FIG. 7A, a workpiece may be provided that includes the substrate 11 and a conductive
pad 28. A layer of catalyst material 68 may be deposited over the substrate 11. By way of
example and not limitation, the layer of catalyst material 68 may be deposited using a
physical vapor deposition (PVD) process (e.g., sputtering or thermal evaporation), a

chemical vapor deposition (CVD) process, an electroless deposition process, or by an



reactive ion (i.e., plasma) etching process, a
sputtering process, and an oxi dati on process. For
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may sharpen the end 77 of the catalytic structure 76
due to an increased rate of etching at the relatively
sharp edges nearthe end 77 of-4le cat al ytic structure
76. As anot her exanple, the catalytic structure 76 nay
beeghdasp éqﬁdﬁmns)wtgssaisgqu foe’rllan‘sger]ﬁWéS%O\md Hyorhdsetjvat

e end 77 of th cat I th
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structure, 76 extend% fromthe sy rfa% é)f t he
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substantially buried within the dielectric materi al

54. As Rsfeowng iorF16| T, safartialyo frdropoadichmeg pranéss &¢.2., a wet chemical
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PFeNorOTSh i SR S8t ée ehayirérhain after e ety fsb&opi@Gching process. The
Referring to FIG 6H, another |ayer of dielectric
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| aprexini@f cathBktantteiid cfatarhiagat a §éneaaily @mmlsfelstdmembairs&aape as
end 24 of, the pnanowire 22 therethr.o i

. h .
FPEpoRgd b b THEN B ST PO DR O il it By s giscussed, the
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pl ecC over the first end he nanovvl re
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FIGS. 2

nt of d][l
UPRATY B4 oT B aR e Herbry Baor e foc S P RayY SRbRTops-sectona
FlsGpeltAving ad 85&hiBEmbIE! 0V it fhe %ﬁér@ﬁ&ﬁ@zﬁe&@oﬁhéﬁserﬂe region 72
7TA-7L Referring
of mask material.

As shown in FIG. 7D, optionally, the exterior surfaces of the catalytic structure 86
may be oxidized to form an oxidation layer 90 therein, which may effectively reduce the
cross-sectional area of the catalytic structure 86. The exterior surfaces of the catalytic
structure 86 may be oxidized to form the oxidation layer 90 by, for example, heating the
workpiece in an oxidizing atmosphere. By selectively controlling the oxidation process so

as to oxidize the exterior surfaces of the catalytic structure 86 to a predetermined depth



to FIG 7A, a workpiece may be provided that includes
the substrate 11 and a conductive pad 28. A | ayer of

weai0al1yses materi al 68 nay be deposited over thRCT/US2008/058485
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substrate 11. By way of exanple and not limtation,

the | ayer of catalyst material 68 may be deposited

usi ng a physical vapor deposit#dn (PVD) process (e.g.
sputtering or thermal evaporation), a chenical vapor

dapd Jich¢eoprofy @@ prpfepaesisedahiclias oftbe esigatilepogir t9lomselected
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rm}:f érelt catai)l(h@ sg“mt:t?@i § may Hm@ﬂms& frp@y@ eﬂmﬂftth%wtﬁiﬁ% gacture 86
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orret ers out -on nanonet er
(l@ﬂdm:n)/e piEl®and thg sutetrite G, 44Ghowan pa]FIl(} dEly isotr Opl c
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par t i alAyshoEsip Eiﬁ T shemisa-peghase rP fﬁ?}ﬁ&?&}@éﬁf%iﬁ may be
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mat er | 68 that are not covered or otherw se
pr}mt'tmrmfcﬂhfbtyp then thesod &7 of thegiiahytiz atraftunes$itherathenighl As shown in
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Vecfa%a'fﬁ@'fd)rynaﬁﬂﬂ 8f glolieh 6f $GhEE Qai RETD théreBh, aBBEIiously described
material may remain after the partially i sotropl c

etwith wierencgdeEEG. 2fthe partially isotropic etching
Process, 1¥1tnée(‘(§ / 1(5 ’/JP{I aH&?%rr }ggﬁtrtok 49 eg{nctrgﬁeéﬁ§§G%agrfbﬁadsegosited

cat al yst ma scre e region

medef ihe |w0;1q5idceteﬁhe at@ihenisd nssbdeeal) eS;d@fchErlh&:dT ﬁﬁalizamiicragpoiishing
cat al% material 68 may have a generally curve

{ G ammiccame ha peed @l opGBEIRY ek %C’t%ﬁé&egﬁ% Joagndyexpose the
vegld £al o?ﬁ?]esrﬁgmlrle A7 il 2 thrbly %‘n ARs Eﬁo% iBYSEGY71, a volume of variable

di scusse screte regio mask materi al
naybaamnﬁzﬁahmzo ahd 6 wb@ng ebmﬂoctehlé thesmby befproad ah yhd workpiece

33 T 1 <9 JOPE BB B RN THE G SBar ABI g i referemce

thg gasalgybic structure 86 may have a substantially
circular cross-sectional shape having an average
du anet ef stesth trhlamiimbe odv erctlyel thitanast erused ta feen a memory device 10

tgztﬁ sh(g\,gg I111011—]IG7.%A is described below with reference to FIGS. 8 A-8E. Referring
to FIG. 8A, a workpiece may be provided that is substantially similar to that shown in
FIG. 7D and includes a catalytic structure 86 having an oxidation layer 90 therein to
effectively reduce the cross-sectional area of the catalytic structure 86. A discrete
region 72 of mask material may remain over the catalytic structure 86 as previously

described.



of mask material. As shown in FIG 7D, optionally, the
exterior surfaces of the catalytic structure 86 may be
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may effectively reduce the cross-sectional area of the
catalytic structure 86. The exterior surfaces of the

catal ytic structure 86 may be %xi di zed to formthe

oxi dation |l ayer 90 by, for exanple, heating the

wor kpi Referring tai 1GxdR]itlrd digerett mes@her ef mBk ek ré¢naghipg on the end
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struct ukep&bn SXEIENTS, J‘F(Qﬁi’nk B?vﬁ%bfe@@ﬁst@ﬁcetrﬂﬁenal 20 and a second
conducti ve pad 28 and the substrate 11, as shown in

Frle:tro7E. 18 Asershawibe formed @& theeyorkpietrarvice tie-firgehd A €BIG. 8D) of the

pol i shi rocess be, u _

C iRt Bih b B EF e P 7 B BEpHF Sh el aRLIE8 AR
exposengnsfl astied ettt aiovaf inthe. {ApnB8Seaned heertndiBdnts of
of the catalytic structure 86 therethrough. As shown

' ﬁiectrqgic petentstid theqsessadny hios s Fenexarwle KO $ris gfbledkeliagram of an
¢ ﬁ u%%r t V€ ele%{; oxlﬁg ts%t':(ﬁn %EO g@c%rcﬁ H)Stﬁg feQer ﬂ')tvgéﬁ’&ﬁ The electromc

a &rw e na oW re er eo
aSy sKHn@ |1 O(D m@ bmﬂxéﬁcfdr lbednpit.tdhcangfusren C@npmeﬁieﬁiwﬁﬁcomponem a
Referrin to Fl 7H, .anot her | ayer qf. di gctrlg
MERTEF A0 sﬂ?fw %@z rspHarcamPevEt: alulipte igital camera, a

Sg%ig@ﬂxﬁ g;ﬁ?lnﬁgg%tr(?})%%) p@ﬂ%}@n{-‘eﬁﬁrﬂa ea nd§¥%§ B%S}éx‘:@t'c The electronic

process may be used tO p aharil ze
| aystam 060 ohickidecdti¢ast oretreemaely d6icantithe ppros m\reatubm,rsgth as the

o1,28,00, 6y 1200 15,22 LSS RUON. A SN e ey

aMILﬁ‘ie%ﬁ%Qsﬁ Gn€ LREHS P8 sdB pfReRonBidee 0D qb ABreirei @ as a
“m;cE(l)pergc?essor”) The electronic system 100 may, optionally, further include one or
more input devices 104 for inputting information into the electronic system 100 by a user,
such as, for example, a mouse or other pointing device, a keyboard, a touchpad, a button,
or a control panel. The electronic system 100 may further include one or more output

devices 106 for outputting information (e.g., visual or audio output) to a user such as, for

example, a monitor, display, printer, speaker, etc. The one or more input devices 104 and



over the first end 24 of the nanowire 22 in the manner

previously described with reference to FIGS. 2G 2. A
wageasne4s2enbodi ment of a nmethod that may be usPOI/US2008/058485

forma nmenory device 10 like that shown in FIG A is

descri bed below with reference to FIGS. 8A-8E

Referring to FIG 8A, a workpi®te may be provided that

is substantially simlar to that shown in FIG 7D and

i neputdiesices Watiakytdnemsticaie tlecteic88 Wal bnlgasannood thaticorry

yer 29 therein to eff ctivel redqgf t he

c is et ?Ct}é’lnga“%’fa PRESSEN VeIl st ruct ure 86. A

di scr e{gile 8 RBsehlindentTRIHs B@énqeb&lbem teFROBE Rr@M8 lustrated

the catalytic structure 86 as previously

desbcrdlmemis Rad enmlhngp thorepf, G wiBe unterstdpd @m@@}@ﬁm@gﬁbw thpse of

5 BR3P R IRLRS, ER ions

C@idﬁhbﬂ}ﬁ@&ltﬁ)hé %tpﬂhb' [1R1s8 Bl SBEdindefs n@RIfRcted Wbut departing from
chem cal etching process. As shown in FIG 8C the

ethgopieidand gropgoihe imventemuscielingrbbiche aloyms tastolawt ur e
86 then may be used to catalyze formation or growh of
a single nanowi re 22 thereon, as previously described
with reference to FIG 2G Referring to FIG 8D, a
substantially conformal |ayer of dielectric materia

54 then may be deposited over the workpi ece and around
the catalytic structure 86 and the nanowire 22. The

| ayer of dielectric material 54 may have an average
thickness that is greater than a di stance by which the
catal ytic structure 86 and the nanowire 22 extend from
the surface of the conductive pad 28 and the substrate
11. A chem cal - mechani cal polishing (CVMP) process nay
be used to planarize the surface of the | ayer of
dielectric material 54 and to expose the first end 24
of the nanowire 22 therethrough. As shown in FIG 8E
a volunme of variable resistance material 20 and a
second el ectrode 18 then nmay be forned on the

wor kpi ece over the first end 24 (FIG 8D) of the
nanowi re 22 in the manner previously described with
reference to FIGS. 2G 2. Menory devices |ike that
shown in FIG | A nmay be used in enbodi nents of

el ectronic systens of the present invention. For
exanple, FIG 9 is a block diagramof an illustrative
el ectronic system 100 according to the present

i nvention. The electronic system 100 may conprise, for
exanpl e, a conputer or conputer hardware conponent, a
server or other networking hardware conponent a
cellular tel ephone, a digital canera, a



personal digital assistant (PDAs), portable nedia
(e.g., nusic) player, etc. The el ectronic system 100

w0 p@BOR338 at | east one nenory device of the prPGENB2008/058485
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i nvention, such as the enbodi nent of the nmenory device
10 shown in FIG IA The system 100 further nmay

i nclude at |east one electrcnﬂ%ﬁsignal processor
device 102 (often referred to as a "m croprocessor").
The el ectronic system 100 m&yl, Adp%i onal Iy, further

i ncl ude one or nore input devices 104 for inputting
information into the electronic system 100 by a user,
sUehl: ASiaihad isexanpl e, a nouse or other pointing
device, a keyboard, a touchpad, a button, or a contro
panel. The el ectronic system 100 may further include

o o oe R SRRt R PSR 8 s e s s,
s RSandf DFol@X APV BiabR r6BRhic@matéizs Plspysed PEiwtes the anode and the
speaker, etc. The one or nore input devices 104
asrtondeptiticagbuecd sher s derayd besaindcameprsingct srgangpwire having
MAth t f )

R R R

present i nvention has been described in terns of

certain illustrated enbodi nents_and vari ati ons

thereof, it WaMeBErYisHEr st aen Anubeipptacitdsastonsyef the anode and
t Y @i

[R5 O A e b e P eRta o0,
rma‘hdui'iﬁ:qirbﬂdmgteirctrmel dontaesbetat@rthe nblodicrs ntsahlmsesiswnce material
ef f thout departing fromthe spirit and scope
oPn$ﬁ@ WY$ o4 as defined by the clainms that

foll ow. CLAIMS What is clained is: L A nenory device
conprising at |east one nenory cell having an anode, a
cathod8, andTle mehanelesfcewselanbl ewhesinghawevigcempabes a carbon

n.the apode and the cathode, at | east
oﬁ@ﬁgﬁxﬂﬁengygg@$§ﬁ8‘ e cathode conprising a single

nanowi re having one end thereof in electrical contact
with the variable resistance material. 2. The nenory,
devi cedof cl Bhemngnoptisvisen! chem di Wheggrthommoptirecpeprises at least

8? ﬁf sapgmgrge?m%ﬁ‘luﬁlo Qihﬁ np'il pyg Ee}ﬁc Rl n{h@é}%Waff? VItype
ses ‘a“con uct i ve “pad e nanow

p&eﬁkﬂnmgmﬁkmﬁﬁﬁﬁemﬁammnﬂact betmeen t he volune of

vari abl e resi stance material and the conductive pad.

3. The nmenory device of claim1, wherein the nanow re

conpri ses a RARL NG hakin (RARANWIR AWRprises at least

4. The%nennrgﬁ%ggﬁge ofhgbgf%?¥i wherein the nanomf#%

conpof sepcdttibesaictionandyf PNijiiction, ger mani um gal | i um

a H -V type sem conductor material, a HVI type

6. The memory device of claim 1, wherein the variable resistance material

comprises a phase change material.

7. The memory device of claim 1, wherein the at least one of the anode and
the cathode comprising the single nanowire further comprises a conductive catalytic

structure comprising a catalyst material.



sem conductor material, and a netal. 5. The nenory
device of claiml1l, wherein the nanowi re conprises at

wo e@sti2oee of a superlattice structure and a PCT/US2008/058485
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PN unction. 6. The nenory device of claim1l, wherein

the variable resistance material conprises a phase

change material. 7. The menory2®evice of claim 1,

wherein the at | east one of the anode and the cat hode

conpri 8i ng tTe sénglyelcnanoficloen Fiwhdren teompryss emtaial comprises at

conduct i catal ytjg structure c risin atal ys
s pl BuThen bt g g EaSopaERh ihp o iRt ithe.
Calipkfst, PRhEH lveE RIS EEn@lind €ast one of al uni num
cobalt, ‘gallium gold, indium iron, nolybdenum

ni ckel, palladium platinum silver, tantalum and

zinc. 9. The_.nenory device.of.claim?, wherein.the . ..
conduc?ive c EHF??%@' FFﬁé?g?E“kbwgﬁﬁégg”ﬁm g%@?ﬁﬁPVHCSHEHHe
CedthFides 8 lebMGAIN @nidahar@eReniad fdneRONicE@bal StrlitiGlea®ing a base in
having a base in electrical contact with a conductive
pelactaing cantartyvitha epnseetiverad apd Atiace elgritikal xoslaelongh argond end of
of, the,sj e T L. ' [ - .
oA PP FeRBPOL(eF RRORT Fp Sy Vb o ifgrsngpeg moteial
menory device of claim9, wherein the tip has a

m ni mnum crosssectional area of | ess than about 300

squar e lftano n@_?ee‘fl@l?‘m@’lqe"”ﬂﬁié’f REHD |9 yWH‘gW‘_é & hasy PR Cross-
 UHBRD FQMRALS I Boli 08 5gRFe fllBhiRfdL 1 ¢ material on

at Teast a portion of an exterior surface of the

conductive catalytic structure. 12. A nenory device

havi ng ,at | east one nory .cell .c ri sing. a variabl.e .
fesi stdhce mARGPPRITIS 5oL RHR I nRERCGr TS Be e 41 dielectric
CalhQton Aleds€RpbriBASS A cliborangae Ak dhagudatReER tic structure.
conprising a nanowi re providing electrical contact

bet ween a conductive pad and the variabl e resistance

mat eri al,, the nenory, cell configured to us rr.en .
Tow batheerhanaass b The Bl fissbonfR S sPHbHSRE a variabte
Predemco aitdtl dibfRe@betivien HaNRGE bRl b Bath@RPANSSt bik & the anode and
vol tage applied between the anode and the cathode. 13.

Tithke £ JOrEBYIIRRA BENCOHYiES RPN WHERERICOnRSt PRANEHW ¢ eonductive pad
or ovides at: | (4 ’ .

0B 535 s SR AR IR, Rl S0 A SR R06 o
miteFdeakhcanddd el the adhedd a feapgdeduintihiml yitheughethe mgnowire in
cell. 14. The nmenory, device of cf 2, erein the

g aim1
n&FFBARSCAO 8 SRiEesBRl S REAY Hhh e &B@}Waﬁ}@ﬁ Cat | east

one wal | .

13. The memory device of claim 12, wherein the nanowire provides at least a
portion of a sole, low-resistance electrical pathway between the variable resistance

material and the conductive pad within the memory cell.

14, The memory device of claim 12, wherein the nanowire comprises a

carbon nanotube having at least one wall.

15. The memory device of claim 12, wherein the variable resistance material

comprises a phase change material.



15. The nenory device of claim 12, wherein the
vari abl e resi stance nmaterial conprises a phase change

woriosne4bs 16. The nmenory device of claim 12, wWhET/852008/058485
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the menory device further conprises a conductive

catal ytic structure di sposed between the conductive

pad and the nanowire, the conddittive catal ytic

structure conprising a catalyst nmaterial for formng

t he namewi r elheldemdiyeicnieaof ylaote V2,0ehendin dicahemd§,device further

wherein the conductive capal%.ic S ictur% cggfr{ses dth
gEMBPIAICH § CoBicE Y CE YT F T GANRIEY BEELRINE CRIC I EGpadpnd the
CRHR)'W@%, 1R ch cﬁ@é‘g&ﬂ&?ﬁc" Sreafle anfpidd PoRlIfE W&ol kf forming the
coupled to the nanowite. 18. The nenory device of

chaiowik7, further conprising a dielectric material on

at least a portion of an exterior surface of the

conductive catalytic structure. 19. An electronic

syst em ¢onprigd RBnodtdchRASE AL 18] el i MicCconti @Rk catalytic
processor; at |east ‘one nmenory device configured to

c smmiwk camnprisds egendraldy dapical sticture haing ahase ehelrically coupled to the
el ectroni c signal process one menory

d&W 8U$%W€FP8F§§E§F%F:gg?&%%%ﬁﬁgﬁ%%%ggé%l havi ng an

anode, a cathode, and a volume of variable resistance

mat eri al di sposed between the anode and the cat hode, .

at | eadB. onellt memeryadeaifs cAREIT e tebRogmpasing g prgrigmaterial
si.n nanow re ' i (o

S URALE DI PR R I DRl TRl SR Gl

| east one of an input device and an out put device

configured to conmuni cate el ectrically with the at

| east dile el SBCIEHPRC EYYRAFOBPGE Esor. 20. The
g%gg%$g?%§€§¥§ﬁ@ | pflcish?; 19, wherein the at |east

anode and't he cat hode conprising the single
nankaitoge ienomedevea@npniigesd & comdugtity elegaidallyt wigh the at least one

nanow r ravi di el ectrjcal, _contact between the. .

ol urte SBEOVA PEB1l e ESG b Ede ey Pan g ek g irising at least one
conductidgorPagi hAide anfiiRdelL&iHa8] #id aWSteie effvagihile Msistance

19, wherein the variable resistance material conprises

a phasenatérinhdisporad betwgren the antans) the eathnflecatdgast e ¢ffthe anode and
| ai 9 in_th , i ce f - _
o 3%% ‘ff{(}g(%% ??1‘121})9%1?% ggltrr{g%%}agc?\wrg ﬁd\fllllg 6&eernd qg&?{ﬁ*nﬁ glg:%tn cal

a cond ure conprising a cata

mat er i abniaadvigi Siposebibetivanse merdonduct i ve pad and
the single nanowire., 23. The el ectroni sxften1of )
clahlogstape ohpeepiflovics apd fa Pyt deatescpafigured to communicate

electrically with the at least one electronic signal processor.

20. The electronic system of claim 19, wherein the at least one of the anode
and the cathode comprising the single nanowire further comprises a conductive pad, the
nanowire providing electrical contact between the volume of variable resistance material

and the conductive pad.

21, The electronic system of claim 19, wherein the variable resistance

material comprises a phase change material.



conprises at | east one of alum num cobalt, gallium
gold, indium iron, nolybdenum nickel, palladium

w@b@siimies silver, tantalum and zinc. 24. ThePCT/US2008/058485
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el ectronic system of claim 22, vvher ein the conductive
catal ytic structure conprises general Iy coni cal
structure having a base el eCtT38C3| Iy coupled to the
conductive pad and a tip electrically coupled to an

end of22 he dgihegleetro@newiters obplpos i §,evitdnen darmabbry device further

resi st ance materlal 25. A net hod. of forinn]?lg }mad¥ d
d{éwg{@esqqa@ ﬁ%tw%dtabgﬁﬁfrpgpﬁgcmqp&swgﬁ@at&}fs tlena and dispose
paeg»%é'nqggco Wé;ﬁﬁ%ﬁdfs@ﬁﬂ@l@%@n‘eeaﬂ one conductive

on a substrate; formng a single nanow re over
the conductive pad and causing the single nanowire to

extend_generally out vvard f.rom conduct i

oxt o 2 9n s et f LR pavieEnn I atif-DR%iera
SLAGROANCM 5% JIBNBEGuwh! &BaltheIReRdied, inBuRaebra Rt denum,

vol Ume of variable resistance material; and formng a
seiclondhabhdiony;, pdenim, selve tantadah, andrfinget with the vol une

of variable resistance material on a side thereof
opposite the end of the single nanowire in electrical

cont acpg Wi t hrHeh@ecviehiipstah o¥ alairabb ewvli@sih shan@ductive catalytic

material. 26. The nethod of claim 25 further
c@irhmﬂlrg PoTgPreseaB IZPITHIB) @i wct%hﬁﬂw thase slveralheeppled to the

t Qoen ngt%\%n%d %}c}d X%%) FEE Flri)g E&ﬂS ?m th?%xagﬁq%ahgglre opposite the

con om nan
Swmgibﬁcxﬁaﬁtmerrﬂater?a}.. The net hod of cI ai m 25, wherein

form ng a single nanowire conprises formng a single

nanow r e conpri sing at | east one of silicon,

german QFJ m g@l é\t}?{ﬂi‘ ofBoithiny a hYRG S 8EHEO M&tﬁéd com%rxsmg

materi a pe sen conductor materi al
rrﬁjraingzSﬁrsbeiecmElbmmWfsmgt aim 25, further corrprl si ng
ice structure and a

| east. one o r at
PN | ung% i gt ea@‘rf&“escloﬁé‘l g“’ﬁg 3@ afqﬁe net hod of
claim ?&mn‘{g‘ﬁéﬁél@n%vﬂﬁ d\/%hﬂﬁg:oﬁ(ﬁt&ﬁ% p&PAndcAMiRE the single
bet ween an 'end of the single nanowire renote fromthe

conduct i ve padwaredo axteed gensTadly opsyardlyl feom digicendiyréize pad;

I h I
o SR RN 00 SRR SR B o

conductinRepachaandda mnﬁm\aﬁamhammhang@nmmﬂ aI .
30. The nethod of claim?25, wherein formng %flr
elf@atippHe eecpg giﬁ@}@d@é}ﬁﬁﬁeptglég -contact with the vo]ume of variable resistance

material on a side thereof opposite the end of the single nanowire in electrical

contact with the volume of variable resistance material.

26. The method of claim 25, further comprising enabling electrical
communication between the volume of variable resistance material and the conductive pad

at least predominantly through the single nanowire.

27. The method of claim 25, wherein forming a single nanowire comprises
forming a single nanowire comprising at least one of silicon, germanium, gallium, a [H-V

type semiconductor material, a II-VI type semiconductor material, and a metal.



form ng a conductive catalytic structure on the
conductive pad, and catalyzing formation of the single

WO 2008MR43e8 usi ng t he conductive catal ytic strucPCr/@s2084/058485
The nethod of claim 30, wherein form ng a conductive
catal ytic structure conprises formng a generally
coni cal structure and electrlﬁ%11y coupling a base of
the generally conical structure directly to the
conducks.ve pﬁdnnaﬁbddﬂ&%ﬁuﬁﬂﬂhﬂhﬁcqﬂ@ﬂQMgﬁbnnmgetbﬂﬁcmeofa
formn ner al coni cal ructure co rises:
CRPEE D P AT STyt PVt i B SR BRI ve pad
through an aperture in a mask, depositing catalyst
material conprising: orienting the substrate in a
pl ane 29.i entBu ratthahofangmely, egxatalm@tatbb shing elqetrigdl contact between
directi of f|OMIOf the cata

S PO g NeS AR BT e T aRL e e b iulpms qyeriable
Xk BianS3matb g JWBIpREk QfabhirdhdR&tdeal Whar@betviden ﬁh Bed &f the single
general l'y conical structure conprises: formng
gearemagel rgmetel ol tiecandustivepaclignd aayidurag @E@haﬁ%@ramge material.
coupling a base of the generally cylindrical structure
to the conductive pad; and sharpening an end of the
gener abby cyfThadethe®bf ShirlTe, whercdpfiosirtee fifdeclectrode further
conducti ve pad. 34 The nethod of claim 33, wherein

10 sHyppessfng an end of the generally cylindrica
S {
o o R e, and
anatelyridaforaratipn ofds singBhanThee nethtd cofducting m’sa@vc structure.
wherein form ng a conductive catal ytic structure on
t he conductive pad conprises: formng a | ayer of
cat al ys§ mat-grd L0y 8f clhilf3 @ Qﬂ‘fék&ﬁ fd@;r@@eon@@é‘[meﬁﬁta@mc structure
di screfe volume of nask material on an exposed surface

15 otormheses dyeringd gowtalywsnicaetiaeiued ar@\ﬁéactrtqagy comdine pibgee of the

P D SRR PR S e PonfiRfR R R or1 Al Lo an

catal yst material laterally surrounding the vol une of

mask material and a portion of the catalyst naterial
cover ed2by t Wee wethotre! erimmab et frarne Bgensratycrpigalsfructure
forn1n§$a menory device, the nethod conpri sing:

f 6P'HF N ng a first el ectrode, conprising:
20  depositing catalyst material on the conductive pad through an aperture in a mask,
depositing catalyst material comprising:
orienting the substrate in a plane oriented at an angle relative to a general direction
of flow of the catalyst material; and
rotating the substrate in the plane about a rotational axis.
25
33. The method of claim 31, wherein forming a generally conical structure
COMPIISEs:
forming a generally cylindrical structure and electrically coupling a base of the generally
cylindrical structure to the conductive pad; and

30 sharpening an end of the generally cylindrical structure opposite the conductive pad.



form ng at |east one conductive pad on a substrate;
fabricating a single nanowire at a | ocation renote

wo p@si1e43e8 conducti ve pad; positioning the si ngPE&I/US2008/058485
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nanow re over the conductive pad; providing electrical
contact between a first end of the single nanow re and

t he conductive pad; and causihﬁot he single nanowire to
extend generally outwardly fromthe conductive pad;

provi ddthg elBetmétbal oftdairaid, whetenednrpgnggeorud ehide gknerally

the. si.ngl e nanowi re and. a | une .1 abl :

Sl dt e B AaE g s AN CADRAIG & LhEBI B S TOrsHS
el RELHH ERbGONHAGH idkfiot heciel ume of variabl e
resistance nmaterial on a side thereof opposite the

second end of the single nanow re.

35.  The method of claim 30, wherein forming a conductive catalytic structure
on the conductive pad comprises:
forming a layer of catalyst material over the conductive pad;
forming a discrete volume of mask material on an exposed surface of the layer of catalyst
material over the conductive pad; and
exposing the layer of catalyst material to an etchant for a selected amount of time to
remove catalyst material laterally surrounding the volume of mask material and a

portion of the catalyst material covered by the volume of mask material.

36. A method of forming a memory device, the method comprising:
forming a first electrode, comprising:
forming at least one conductive pad on a substrate;
fabricating a single nanowire at a Jocation remote from the conductive pad;
positioning the single nanowire over the conductive pad,;
providing electrical contact between a first end of the single nanowire and the
conductive pad; and
causing the single nanowire to extend generally outwardly from the conductive
pad;
providing electrical contact between a second end of the single nanowire and a volume of
variable resistance material; and
forming a second electrode in electrical contact with the volume of variable resistance

material on a side thereof opposite the second end of the single nanowire.



