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What are needed are methods to form better structures that can address
these challenges. Also needed are improved variable-resistance material random-

access memory structures that can also address these challenges.

Brief Description of the Drawings
Disclosed embodiments are addressed by the present disclosure and will
be understood by reading and studying the following specification, of which the
figures are a part.

FIGs.la -1h and 1j -1k show cross-section elevations of a semiconductor
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FIG. 12 shows a block diagram of an electronic device according to an

embodiment.

Detailed Description

The embodiments of a device, an apparatus, or an article described herein
can be manufactured, used, or shipped in a number of positions and orientations.
A variable-resistance material memory device may include a material such as an
alloy. A variable-resistance material memory device may include a material
such as a quasi-metal composition. A variable-resistance material memory
device may include a material such as metal oxides. A variable-resistance
material memory device may include a material such as chalcogenides. These

several materials can be very diverse in quality and performance.



FIG 1 a shows a cross-section elevation of a
sem conduct or devi ce 100 during processing accordi ng

wao eooan3sswbodi ment. A sem conductive | ower subspPCEHUS2028/010870
has been fornmed bel ow a sem conductive upper substrate

L2 10 A6, SEORGIIPO e LR S ERNEHE K RebBlor device 100

serufing gruetssie mpﬁhnguﬁﬁt dfrﬁlbc&hﬂnﬂ:ﬂt tAa¢micondictive peder
Adlelectrlc film114 sucP as si]icon dioxide

f o,shl%s,grafppb]ﬁ) é)egxb ngqeglhe @ senisopquctiyg upper sui)strate 112. In
se t sk
e A e LAy vt

5 hacdmpasdonltt Shasunitoredudiied epper isebstiatend 121thathia N+ deped.

tt d.t f
har d 10rm iR e L 45 ErB RbieP i S timad Hagodhd baper
I'n saxrfa&nfq%frtﬁé@emk&edJcméh lsbsimeK1 [18A ifgsthabd fnabldl€18 is
material like silicon nitride such as Si 31\ 14.

FI disppsedsabove the dielgetsicddax | ldnarei dedirrdmagl 1 thand the dielectric
tor _d f
BN Shedr RSB B P Wik

10 semﬁa@m nlwwde@ fa \xéemacnty ekpdscdaarfheerndetiaha@nibodiigh, thedirst hard
upper surface 116 (FIG 15la) to forma first recess
12maskdl 8d5 hpitadg material B’é"e%gcmlfr&ﬁ suob as Fhllaf j r st
hard ma 1
o f ace F1g4 1Y AAPF s SR Pt Aol bf BLerficBRRRI bevice
t héepiereddn RUGCLd afecr dilesr mmdtsﬁmgam:oidlﬁg to an embédi@ent.cThe
shows, a ér 0SS- sect IO?l eI evati o e sem co@guct or

n
devFRiEopdytet digent O has been %{Fl@eéirtgmg il upRes swdageny 6 (FIG.
15 aCQQLQ‘ Faﬂnta%léﬂ}e@éﬁgng ”E?d“ﬁdmér Deird QoG GansH QQQY Tﬂ@‘ﬁ'r& ®ard
102 has been processed to forma first recess
i ntnhaskhm& alsofexhibits tlecestcdlyteaxposetdzpriage {34 thiat &pdttatas a

as been far nket depositio nd a spacer
ot cirectionaticn i dressticonRly waE? SRkl 36 ana he
first hand @stowkslBerdsesddlibh EROaticH 6fth@bdmicaRducidrdevice
spacer etch, although it is selective to etchin

ni depigedrinFiEi H afterforfbarasocassing peqordiag tmewe ﬁmhpglumh The

he fi 122 I

20, SenichHyF S G 2R BEEL P08 M A0 e A0
11&1c1&alﬁ$@qyﬁﬁééexs bott@n 1enbadﬁx@e§ﬁaca51 zmws @Eadfdrﬂleﬁlb(]z

lc, the first hard nask 118 FIG be slig ht|é6and

heibijiket depasitian apd BéE%ﬂ%eflche H a1t §ft’1b msn firpt spacey

e
R BAERETIBSE ERUCKRUALL Ml MR g alroush i
f ustloetivento @auhivgd mglcaimmedalﬂgemvamthe miteide mrestérial 'ﬁben the first

sem conductor device 103 has been _etched throu h
25¢] reqest batious 1 Bbey Wl ﬁszpwﬁ]@vemal Y sxwﬁﬁwf%fégéa% of the first

r e‘l"ﬁﬁismé%g}wa (,pdﬂsle eniliggn of e 80&nRht 541&p1cted in FIG. 1c, the first
sem conductive up bstrate 112, and a secon

r e hesbmbskt IkSn(lFIGOIb)rrna.sohfeslcg‘htlyﬂmghe-mduoerﬂtoclbecomeubfpﬁrst hard
subst[(aigﬁ 112. FIG 1 e shows a cross-section

el &3 of the seniconductor device depicted in FIG

1d aft erFIGU[(tl El?d'w@z{ So888dchien 3RvRAicH Hahé Serdftonductor device

enbodi nent .
30 depicted in FIG lc after further processing according to an embodiment. The

semiconductor device 103 has been etched through the first recess bottom 122

(FIG. 1c) to form a second recess 128, a pillar 129 of some of the



5sem conduct or device 104 has been bl anket deposited
wth a first nmetal 132. The first nmetal 132 is used to

WO 2009703874i ci de in the sem conductive upper suRGI/D81088/010870

112. FIG if shows a cross-section el evation of

th ' pj.Gted | afi-e

b SeRRPMRIENSERL: Y8 98BIl ELGs thynP L some o
10skasemtinehductive dgpersabst@fe hi@s been processed under

condi tiqQnp o cause salicidatjon (self-aligned
siliciad f—“’oﬁﬁ shiw herops- F%Cfloi‘r@{eé(Pt“ifBQ th SemitRaductor device

S e e fRRMAUA FIGC1 & RRET ﬁJﬁHQgﬁrB@Jsﬁn% Recdrbifn g%’ lf} QnibBElHnénli’ €The

pillar 129 that 1s part em conductive up

5 s u lssmrqwnéucfmlzdevﬁcesw41 leis dheers blanksdt wleposidd with 4 ﬁrsmmétdj)l 32.

& e R aeEr LTk AReiperm Felliciad &g piificqPedive ipper °

salshggtg& pixucture 134 to formas cobalt silicide

(CoSi 2) material. Further, both the sidewalls of the
second rdEesbshpre ardssisetionelorrtioneafdbe sepicondnci@alevice
PRSI 90 W Hdhd ARSLORIREL SR 14 BERBbAGAAE The

structure er Sa alny-excess

10 metsahicbddudtsr dedigeviend husbberap@bésw@uﬁ@er RoAdIEgHE © daagd

is selective to |leaving the salicide structure 134 as

we isplicidation(pelf-plignad siligidations R thedirgtimetah B3% infasthespacer
@emlconductghcgpgérgsﬁgt?é’f@ 12 fc ogsﬁ]r?]é m%élﬁérfl\%gtbﬁe}?s girt of

the sem con evice depicte
f uthesemipomitietse mgpeasaistrdienid 2t A salictdesicteat 34 Thfermed by

sem conduct Qr devi ce. 106 has been pr cesse
sh P BIRCETSe B AN;CEHOHMEH; tgg%ﬁt mefal 13t 6o ?m&t‘ﬁ%dhe

15 of tp?&%sﬁﬂs ali8Gred @hd ﬂllf:f?le%rﬁ&ufkaﬁubt%%rtﬁ a6 Ebt?aqit é?l:t'ct,lde &CoSu)

30

hat penetrates the salicide structure 134
t o nfateral a Fhhérebiothdhd sideleallsfdhé sevend B@esmlz&mdphe beoond

129. Th hi further trates the

s Riseon it §0 Biitheet haTmREn thsimed fup tpplcide

f ustrh@trePyact A Rdraalicitifidn) 8ny EX8eSPRFLY Gletal @ 30 W\RMoved with a
substrate 110. Consequent ly, a given STI 136

Ief ﬁ@tpmingemyc«?h@m thagts Sﬂ@P@YﬁJ@rlﬁﬂgng)mq S@gmggsﬁr@qul W kra@ well
In The TI se a 30bl anket
20 4 gE etk Bl uadiy MRl aRSor o

ck~or a
chem Ca|F-IGE c@ ghvvesd cn@@d seztibi glei/itadn &t tBP Serditohfetdd device
hard nmask FIG 1h shows a cross-section

el depietednn EIGt Heaftes frthen arpeessingrrogpeding mrcerabpdiment Ghe

emienl BhdtrdbElecAUBAE Bt A PEGRLT WM £ falile-eneh iolaton

pr 68EQH484. Betdie forhmmtioh lof etecSTTt 138t a kdsd genbiy deadatrive out

fII‘St hard mask 119 and tha oses the pillar 129 at
5a 'ghqt pgpetrates the sallc?de structure }34 (1:p R

1g. 1f) to form'a buried salicide word
line 135 in the pillar 129. The third etch further penetrates the semiconductive
upper substrate 112, and that may further penetrate into the semiconductive
lower substrate 110. Consequently, a given STI 136 effectively isolates
neighboring buried salicide word lines 135. The STI 136 may be processed by a
blanket deposition, followed by an etchback or a chemical-mechanical polishing

that stops on the first hard mask 119.



S5upper surface 138. The fourth etch includes an etch
recipe that is selective to | eaving the sem conductive
woreaoen0ssah7 of t he sem conducti ve upper substrat BCT/LR2008/010870
particularly at the pillar 129. FIG 1) shows a

Cross-s
depi ot oq 1 PR FLRRtioh dRBRoH O e on AL Bevice
to dapic&mtbn dilGehg aﬁé!'x’rﬁart]ié)q&massmg |ac¢cnrd1ngeu ian emb08inkas. The

b b film, 140
pSmiceBdii Sevice 8 s tRer BroeRastd i outihesihatgs
( Fb&etméd the rﬁrarha%mfagk mand/\dhsf &proE@s tAe blifk 128 %t 4 pilRP

[1con, the epitaxial first film140 is an
5si Iuppmurﬁane 438. ehbofhiunthretch noludes aroqrtCh)feonmethetpstsalzcta\re to

rst.film 140 arr in do
sl P iean dut el S e eidii Y b e Rress, 12
of bhfbul%ﬁlyta%m illht 13t film 140 is carried out by
epi taxi al _grow foll owed by Iight N doping thereof.
| n an edtiGdiighews atqfeswpwwlavatfancsftth«f samcaurdyciqridexice
F G
ot el iy | SutcR R BpeRsnd B RARE G Bf elibodiment. The
10 Couélh&fond@cﬂeldd@ﬁﬁeom Hais Ibeerl gidcessed by grelviby akepitaxial first film
mpl ant ation jnto the surface of the egltaxi al first
f i |1f+9 1pon e Ribamk2drat dasopiHar uppshpyrEacerlop (BIG o) ofn 2ihe
cocpfbblfther iiste he Mk {20 Car NBIRicH Mhe bt st film 1401
f oamiNt shlycogr dmian gmdoodmpmint, feimadticeafdhel epitdxml 1'1¢§1 fdbolAo is

d th t. I fir
o e DYt & N dorink Alsif, Pl gy b 1a 25 cbodimegt

15 Si |fd)r%9d't‘10ntdi'%eeéﬁuta§?ﬁ'l fikst 580 AQ0 if tdried det B}Sepﬁta%"al growth,
silicon. In an enbodi nent, formation of

25&pllavesd by lighg dorddping thereap Irmmfanbocbmemmhmltamabﬁtsu film

F o AR R 138 (ERS § B4 S B ey Y S RPEK Sk iggshing.

oUulln By eRPBbdideng!a @hﬁv&mopé@édcewmm 42 esafwmed bderi ng
t her eof . Hereinatter, both the epitaxial

s edpplantatiomintg thewatace ohthercpypeal Bt Bha 169 byncowsterylpping.

20 be ref e[ﬁt?qufﬁﬁ?ﬁ@etcﬁ?‘?hé&ﬁ&ﬁgll E!rét ?1&141%0“%%%% 19bNERNsSe

explici

cr @eﬁﬁg&ed | bm:eérﬁtvcahmm e dibde BEN)14D ivfoered bygviwiag an
depicted in FI G J{rgnafter further g?(oces& ng accordi ng

t o CRFRAHISEERTFEM 14Ehebove and o8 M eririad Spst fdmIdd- has
been prqges ?Fn%o& n? Whefe %H 'e@izg&?lgﬁg ﬂ?‘i%f A an’% ts‘:flrxcon the

formation of the diode 1
Si bpmﬂdtsemnckﬁlnalétﬁ)rstal Binsiti€ort. hia esmrnbmﬂuheﬁtnfot#ﬁtms of the

carrjed out a nmbodi a cobalt filmis
25 JefBlaxid cfeBQfléirﬂFh LB eame 'Hfaqwt by 37654 dopiaR during epitaxial
COBYRItHI O af ErBodiRhdnk qenﬁinanftﬁr tﬁéeﬁea%w dedondMIRIAR it Rarried
carried out. Cbnsequent Y, di ode structure is
al vutlpdepitadial gkaxtht fodlowed by heavy P+ doping thereof.
Hereinafter, both the epitaxial second film 142 and counterdoped second
film 142 will be referred to as the second film 142 unless otherwise explicitly
30 stated.
FIG. 1k shows a cross-section elevation of the semiconductor device

depicted in FIG. 1j after further processing according to an embodiment. The
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FIG. 3 shows a cross-section elevation of a phase-change memory device
300 according to an embodiment. A pillar 329 that has been formed from a
semiconductive upper substrate 312 rests upon semiconductive lower substrate
310. In an embodiment, the pillar is made of an N+ doped silicon, and the

semiconductive lower substrate 314 is made of a P- doped silicon.
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P hebetiBidaenb:ia-Soeitsbermeie e s Geute-By N ertigin-Pd
de g LpSiSAP t24MRIBthers O §nEb&TRRANR-cSftEIntng ﬂ)l{hs@-@hange material

enbodi nent, " the vari abl e-rési stance materl al that may
30be eu@edgmts thesgePORAMIT 5| fredest iarn majdrignarnowrt (greater than or

cont ai,ni mat er i Sel ected indiumc .

e CBr 3P S0 PRBE e b S SR -SSR b materil

| NeftbodBnents) thdgdeaniuin Berddefbin d pluAlityShindént (3€t¢hanium being
others. In some indi umcontaining phase-change

mat eri al enbodi nents, the indiumis present in a

maj ority anount (greater than or, equal to 50 percent).

In sonme indiumcontaining phase- change mat eri al

enbodi nent s,



10 the indiumis present in a plurality amunt (indium
bei ng the nost prevalent elenent). In sone

werwodsaTent s, the first-listed el ement i s preseei/UB2908/010870

erther a mpjority or plurality anount, and the

3 B&%H&R}iexla'le%‘t %fén%hﬁmiﬂ*sé 2efmbbd e‘?ﬁ’s *Pr¥ef? P'ﬁEteEf element is
ecreasi Terental Gcale.

enpadenrdn erthérruernupnmbﬂ ;ﬁuraersy ahamﬂearr%e rsuladeqtldsmthsrmly

be used as ﬁﬁ é i s.an antinony Sﬁﬁ-‘ﬂ'%q

cofiegienfsige fsie .bmrdere rieereanerrfl?rmﬁyn ag nigl seple.

ggt glr ' gl(leﬁ‘ af E?Hhofff%fen@Qh9§ﬁ'@awé1@sﬁga%c§ﬁ?a£&%l (el nﬁ% 'be used as a

5 ShPGRAM-c€l ,is 8}1)m‘de.n&(l—n&;epnt&mdgnaﬂenal‘l’aSel@tﬁemdlum contammg

anETGHY: BOHPRY RF Hippatte ERShge Sthots SPATe et srdhise T

t NEoalH-ARDSH. TE Sanl BGEL Il $dnee iAdiukRLOthinngdPMideichange material
(greater than or equal to 50 percent). In sone

anpmheﬁlynfmémthﬁ infdiygn jshaesentingrgaloptit anpunt (svestsd thaarr squal
t h? rr% in s 1‘?181%1% c&tglnﬂ‘igg{l}%é rL,l¥an eﬂgrlal embodlments

(anti nost “preva

10 en‘a&dhﬂﬁrﬁ S pr&d&ﬁt ini & Slurdlitysdracurt |(Rdamh beﬁagpheﬁe@rt prwalent

15

either a mpjority or plurality amount, and the
su E?}WBQMIH some efnbegisai, shefirst-lieq elemspt rtesenbin either a

d € ﬁ{ ﬁgﬁg r&gg ﬁ?%grro\?lg? Iréng Fheeéuﬁggﬁggﬁtl hs?@daelgments are lnétgd by

resistance materi al
rrayrdewﬂdmieasm@rﬂ@ﬁa@d\bmm tlemental $aald. ur i um ( Te)

contalnn eri al elec dtelluriumc ai ni

o ter i Al FRboEgE ) e L T Gl Ca BIASSIAT et iy e used as a
Te PéﬁAl\-ﬁeceﬁ"ls arl. %%n&%y (Sb§ c@ﬁaﬁﬁlg{;@tehﬂr Sﬂ%lec-{&l‘ §H1n§%y-
Tecma@mgdmateﬂ‘ iels Phiatweystm uSEQJI@u@bSb%aes, 's@ @ %bBGSg Sb-Sn-

B A R e A s

SOIRTEESB-Gel SBRGO8-Te NSHLGPATE MAVURSs. "B ®nhédntimony-
embodi ments, the telluriumis present in amjority

arrﬁthlln(@'M%ﬁhfmg& majeriad guwodingesy threanteneny, 1s preseiria a

20 A 08 U TR om piory

25

anemhrn(ﬁgqbﬁa@é-bhuﬁglaemman RenbaaEhent, eh@irenﬁorgl ie g3kt in a
In some enbodi ments, the first-listed elenment is
5pPRERHY ameugt (EREMORY Baingthe JogPreyalen ieleenthoifemeand
th I |

1o SRR e s Bh 60 LRRTIIEBrBER: b/ elhEs Mkl Bl plitalit
emhodunt amuj tliehabseqner&kiiseedreeanattamdrsmﬂgr order mhiaa‘crermmg

be used as a PCRAM cel | is a selenium (Se) containing
maf@PHRIS OngaeleRlSelEni um contai ning material s that

may be ‘Pﬁ‘%ieﬁl%lhﬁ%t @ﬁe Js'a{ha‘bﬁere-sl;@fa%&: géﬁerg‘? Hamay®e used as a
10Bi - Sb, Se-

SePGR-AMcEH is atadlluuume(r'l‘s) ccbmarsmgenaiehainﬂﬂncmaummg

o CURRET TR St Sp roORY e PsPofe Buae-AlpTe

S0 GREQH; GRLGe- AN TE QRIS BE-SALIUTTE XY- 8¢, T I9n HBATE-CISHGS Te-
materi al enbodi nents, the sefeniumis present in a

30 pI Criea$n QyTarﬁﬁUStl A dleehd- -Om e TadSa-He-Pdode-Ga-8h-4loe de-Sb-Bi-

1 T2 G SRS SR, b5 eSS e

arr@emd Pamii dtherss [kb&ﬁﬂélféﬂhrlhﬂn%duﬁhg pRAdeSchahge Hasdriad
by order of decreasing anobunts on an el enental scale.
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In an enbodi nent, the variable-resistance materi al
that nmay be used as a PCRAM cell is an arsenic (As)

W@ AassT#hg material. Sel ected arseni c- cont ai NPEUD08/010870
materials that may be used include As-Te, As-Te-GCe,
an s Molatl
o dicits; i SAFAE BRLE G BR SHE SRR forEil B or cqual
rra jt@ 60 pyrcant).uirt sdnye edtigumt denmining phasehcltaogShaperatent ) .

S ar seni cont ai ni n hase- change eri al :

eiSBROHEHLS, SSRGS Brepeh iR & SBie 9 FipUBY U iy being the
arT%&t gi(e%réﬁnélenbﬁﬂ) Neh §dise émssdlmeﬁtéaihe mrstelhseémat:ﬁqenﬂ i8
some 25enbodi ments, the first-1isted el enent

5 pr psesant ingithen hrmaj oaltyra; phuralyy @m0pmtu ard tlle)suhmumt slistasld

the sub nment.s are |.isted or der _.of
o Sl Sl ob i o R RN s At B 87 eiineifl Seald
enbodi NMgAtan eidbBdinddnit, ARt QarifSé-sdsahiR e dt€rid] dhat Bt be ¥ as a
be used as a PCRAM cel| is an_ al umi num Al') containing

matP&RAM cellds a seleniugl (7e) pemRINIEIMaISHEk IWW@W@T s
t h%BntHF‘X ré)r%af&?lgt ﬁ%wjge (ﬂﬁd-ll—ﬁclu#aSes?n %dTé)gn%esGel@a Se-

num con al ni'ng ase- change ’'mat er |

10 emMBIEy8eiGa-Te I Se-hi- 'DﬂCB;Se Bs-TierBia SHB.TxeBSb-tT)e, amﬂ)utlhbrs In some
I n an enbodi nent, .the vari abl e- res| stance materi al
t h&g! CRRNN- 6‘@“@%’@ I&%‘S"acmm%@ﬁ epbodinggnys, Glﬁﬁelemum 18

co t
C ABrAL R R0RE fhoyrbueEkPthah e a1 Ep00BRLM! Bl ddthe
Sn sﬂenﬁm—@;ntﬁnnigq)h“ﬁee—mngsln@eerw embodiBrenGy tiBbselanium is
Sn-Ge-Te-Ni,, Sp-Ge-Te-Pd, Sn-CGe:-Te-Pt, and qthers. 5|n
SO RESERD A, a0 ASlera R R wErhe Bl P K BaSIEES, I
15t "otk Bmibd dMAERE Mhe fifdt-fsteBieRirchY isqFeent in(Gheph ﬁfa_](;rh?"(‘)r
or equal to 50 per cent). In sone tin-containing

ph@é&abtua!mnmé thexsubseeveni-Hissed elements arg listed by oedesiof

|ural ity ampunt, (tin being the nost preval ent
ol SReStnE ppob R AR A BB T Tat 1 ot e
el enent [h gn RfidSaitient,the vidile-tesisdn@e nfaferel thit wiad! Helused as a
anpunt, and the subsequent 10listed el enents are

| | CRAMycelrigian apsenigdAskeositainingmpienal. Sglesied arspisneentaining
20 Sc?njla?erlqll{]%hﬁprtnggggﬁ AL EIX% 'l“’@ ﬁig%\/l%eé%?d &B@I‘gc?n some

e use
palatsaflictoon(aiehg @hﬁﬁeaﬂﬁng@mﬁwhar erabodlﬁieh'eplhe drsemc is present in
pal | adi um cont ai ni ng materi al s used

i n@ IRy AMAQUNELSrep{er than ek eays %50 afffaera) h@rsgmq HsHire
palcl)ﬁtq{n%%gl% %lelﬁﬁlgéggﬁ@ﬁ%een%mm&t@fl@ﬂs@lluc is present in a

enbodi iumis présent In amjority
amphnaht(ygmmme('arstdmanbamg thgunadst pmvﬁ&npelememt)) In somsone

| | adi h
25 D rsmtoHGs, tearsh hite B AT S Treabm T Bmpiaricyer plpralcy
amgytund, BAA klﬁ%B&‘@qﬁ@ﬁtWi’stéd@em aRy 18¢&d W‘Bro%{' §M&rdasing

In some enbodinents, the first-listed element is
pr es@pntsion aai dl¢raental seaeority or plurality anmount, and

t he subse uen I st nts are lis 20 qrder
of  decr d8a AR Ig KA csniAte AL et ey Be ik as o
PCRAM cell is an aluminum (Al) containing material. Selected aluminum-
30  containing materials that may be used include Al-Te, Al-Se and others. In some
aluminum-containing phase-change material embodiments, the aluminum is in a

majority amount.



In an enbodi nent, the variable-resistance materi al

that nmay be used as a PCRAMcell is a silver (AQ)
w@owwassT#hg material . Sel ected silver-contai ni PQI/US2008/010870

materials that may be used include Ag-1n-Sb-Te, and

ot hers S| - COF

mator; aith B3 SEBdRinL he GAR MO BB M ay bpped asa

MaPQRAM ceiids Btm((@fl)sairﬁiinin@amatanale@Hllak:tetlalrﬁébmmnmgnhz)terials

BT ST .
amigL (13! S ele-RTRISH-R- T@Nﬁ §?{G¥ﬁ*eep& S-GREMRL P, alllé]others

sone enbodi ments, the first-1isted el ement is présent
5i nhesehe tmaconmprung pbrasorchpnger mhtietigl eam@dmenfan@ettmes present in

e ORI A NI A —

nBﬁs’det@ﬁhge ReridpEmB&difchBSihettANS Pro¥Bitahaddludi’ &/dunt (tin
i ncl ude oné of various materials used to form

sobeimg|theimosioresalent elgmaenst. dnsemstemhodiments, the Siggisted,
for, 83 CRXR0R, (PN Ph, A AT OBcquent
( CEIETR essal f githe ¥ty oF bty of q

10 t hegistedrelcntdngs i@Sis&H&ﬂQﬁdcﬂﬁif%t@hmﬁ@ Emﬁ’ﬁIyts ionGInWwkeEmental scale.

bi nary or ternary doped or undoped oxide material such
as, f or aRBgpbedimgnsghe variabls-resistagcqmaterialbfaymay be used as a

In an e deg%s ak?ﬁ&ﬁ?"le VarIOZ%%mgeszgé?%ﬁgsgle%gyana?lu?

mayomaingngmeerialsthattreaysbe usetiumcdude Pd-Te-GerSanPd-Ge-Sb-Te, and
enbadi nent, the_ vari abl e resi e materi al

2 ..
. né’F}l?Bsesﬂ‘a?oH’(’fﬂ??Ha HE-CRHRRINGS ?ea ange material sagpgaments the
15 H}fécﬁulﬁ)iggresm% 8 Ijbﬁtl}'%%ﬁl% eéft&ocﬁhﬁ Bt édﬂfal {4 Bdercent).
en| um and I ium , m Xt ur es
t hém ewhe palﬂmﬁwmenoetamlng] phasda@alage metasal @nbodimentsnthe

fSIr %g@igéﬁs {)Hﬁirﬁ‘ i@ Blpsaky Am*(oan &pallg@dm%em %e\{ﬁgsit &)%valent
G @lémer J ty. An 6bme ©mboBiments, tHY¥ firs¥MistBd eleehedt isFERNERPEANeB 2
sel ected fromnoble netal and transition netal
el ampenity os phuralaty anfaunt, @)@drﬁl‘gﬂ %lbsmentﬁlgstewlerr@nts agy)listpe by
Ru, , Ni. . M word line strap

20 358“% Oggé‘frg%sé'}g %\Igo%ng%g? I\?ﬁnﬁn ‘anged part of the
pi | lar 329n etbedmhdnt,ahe 381‘9ablé‘>rdsi$t1inaé athtdrizd thad fhagdRnised as a

and spaced-apart pillars by STI structures 336. The
STlpcé&Mcqurléé shes (AgecopipiniEaratgdal; asiscind silNBT-eontriBing
”an# gé?r?alﬁ %hﬁp?ﬁg bX%EécP 1u9E<A ngs@“r‘écﬁﬁis&ﬁerszi’ﬁ E‘oxﬁé‘sﬂver-

0 Vari ab ere stance’ mat er | al
devontindt}phase-ehpipespatefiaregeodananty, thkesilvee 13’316resenThea
pillar. 329 thaz has Eeen forped fromthe

25 semaé%rhfar@etq% gipAien thar, s equat © SHpercqnik g Seﬁ)&rﬁﬂffﬁrecomammg
a n@;};np
p| I ir;ééi%z %@Wﬁr‘@ggﬁglf%h{asnﬁl&sm%ﬁ% [ co an nt
SeI(lSIb/(BI'I teiag itheembstvpeevadend stemeng. 3d Some embddlmn‘ntsa th first-listed
silicon. 25The buried saljci,de word line 335 is
d| § 6%‘& 15 ReseRLInSihen g mapyity of Bi“tr‘ﬂ&y dmeyat é&@ehes%gs?"é‘em‘
m%@teafelémtﬁar%flﬁfeamy or8en &"Ql@&'éﬁshhé’@mﬁﬁﬁt@ "oh%h%len'léhtﬁrécale
enbodi nent, the diodé 340, 342 is nmade of an N doped
30 epi t axi dn afi iembpdindnty thel Qariahde eesistance miateyiat 353 map dndbude one

ORf g/ar?(%:somna eIf'lilllls used4 to form so-called “colossal magnetoresistive films”
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The silicide contact 344 is disposed upon the second

film342 that is part 30 of the diode 340, 342. The
whoiwosa7el ect rode 346 is disposed in a diel ectPCTYUSI0081010870

348 such as a silicon oxide filmor a silicon nitrie

fil n di e j

con &c%sbf&s% égﬁpgéé Pf{F xt)néaarl]XMJAr?}n' tri QZ’TLQJt“i'X aa:’ﬁllggl%mhg#grl}l}l én)u’%nd

ni BapdSpTiOt.ani um ni ckel tin, tantalumnitride,

tantalumsilicon nitride, .and ot hers. The tom.
el oct r o SBEEOPRITRE B SIS FRISATGE CHRALESHIEN influde a
Si lifaf8r GAREAAbpH it unlibfe OO MaRIrRESUMIR, R €xample, ALOs,
contacts the variabl e-resi stance material 352. 5In an

5 entBadi@s SrTiGsaNbddy, 8r£1€)i TiQemEaQralNe®, 41035204, ang Cu20.
phase- change terial,such as a.chal cogeni mat eri al .
The - var tant st o€ Viaedt redisBBs AR 192 BBk F
abpésyvhlitesthRpurel ectrode 354. A bit line 356 is
coupled to the top electrode 354. FIG 4 is _a process

f1 ow 400n an gmbadiment, the yaiable resistance gateisl 457 agludes adeped
10 . . . . . _
ToeBSicntle AREYN RN AR A0S oD OdIR st
10 t e¢H)n sejasiuaniSeliane nélRurfuad (TEkdndgnixinees thevsif Lan@Swhere A

depicted in FIGs. 1, 2, and 3. At 410, a_hard
Nl ot R FraPREO R (e i), BD: Group 1V-A
sepic@ngdce, 1 rgt N j

s G S BRED DR RS, 070! & GIRRRSEA B G B
f i A8} wehohe penetre dompmts selastadreorompble reetak acddransitionrmetal

first recess with a first recess.b mdgn th .

S RIECUHAED o pFRMREIN A & G Wagh &5 Mn, and
151 ngjgides formng a first spacer that fills into the

first recess but that |eaves the first recess bottom

uncover édwafd bne strappeddes depieted ag penetpnog thenidanged pag of the

SR PEERE 2 Ko RSP SO SRR By

I NSTUdRectiRs 3BHJI The BT betbtuikeB36 alel ddpREed &Uthpdre€ WIHIEK form
line in the sem conductive upper substrate. In a

noMAY; AFF s wiiglep xarplisetchingpiogessesd salicide word line is
207 O B33 2 EREHRnt M Lifabid Rsistahoe HfbrikImeARribie 80300 is
udes ormngaélogle ssI'n

the process Inc Ina rece
t ha phasedchanga niehfuiry deyios 860. pTivpititis339 thavhasdieen formed from

e ST YGRS STHBIccH G eipP g ductive lower
N lsﬁ'l_zcs'irraﬁet 9. 1A afileffbodllent 3R€ pitlar 329 is made of an N+ doped silicon,
and the semiconductive lower substrate 310 is made of a P- doped silicon.

25 The buried salicide word line 335 is disposed in the pillar 329, and the
diode 340, 342 is made of two different semiconductive materials. In an
embodiment, the diode 340, 342 is made of an N- doped epitaxial first film 340
and a partially consumed P+ doped second film 342.

The silicide contact 344 is disposed upon the second film 342 that is part

30  of the diode 340, 342. The bottom electrode 346 is disposed in a dielectric film
348 such as a silicon oxide film or a silicon nitrie film. In an embodiment, the

bottom electrode 346 is a conductor such as titanium nitride, titanium aluminum
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At 470, the process includes formng a bottom
el ectrode above the diode. At 472, the process

WO p@b0skss7 f ormi ng a vari abl e-resi stance nat er i BCT/BS2008/010870

5

10

15

20

25

30

menory above the bottom di ode. At 474, the

Pr GRS delfliddficicd 8 a1 hRAE! SHARAPG1BRPY Fridd) Snd others.
varla e resistance haterl nmenory. I'n"an
eniTadboroi,eléduede f#6 w«il@hctéd assmalting woAéx Wwith te dilivddeseantact
138 (FI G 1h) and then is planarized by etchback or by
poﬁﬁ ‘hi ng. In an enbodi nent, a counter-doped second

film 14q“h'e%oft8ﬁ1r@9ct1@ﬂe B lcmham@et VR RbldHeRistanBe fididiRAF 852,
of the epitaxial first film 140 by counter-dopi ng.

5FliGen emaodimesk vehablegesisiancsagnatenal gy atphaseschafige material

senm ondu r device,du SSI ng accor d| 50 an
o s At haog e gt Pe BUSSIERRhRE PR 3255 °a
Se%ﬂ@&g&l %ﬁ{ aihé by top Clecfrodle P34t RBbitdid 35 is co Opled to the top

pr ocessi g A sem conductive | ower substrate 51
beél@cfred -bel ow a semni conductive upper substrate

512. t 0 . .
substr atﬁ‘a 5%5@ ﬁgﬂo %ﬂ"a%%@da‘? gnofrzr)gg%rsc\égn% Q\Q’?ﬁgble-resmtance
s e faterfull wein ot depipe acudiag tabieernbaditeat. The procelsfiay 400

A di el ectrlc filmb514 such as sij Ilcon dioxide is

f oy dIlugEnte f@@cﬂwc@uﬂq%ﬁb%@e@fﬁ forygaking the structures
segkﬁgg{égqlqﬁdée UBPKId $ubstrate 512. A first hard mask

i spose ’above the dielectric film514, and the
har d magit 4308a hard mdsk add diededtric 61m afd ﬂ)aneﬁi@ﬁ d’maveabeen
patterned to ex ose t he ﬁgper surface 516, In
e rBTCARTHEVE absr, Sbstrate Y fglisposadion & Semiopdudiive lower
metghstdle. | 1 ke silicon nitride such as Si 3N4.

FIG 5b shows a cross-section elevation of the
seni condud0ra et etch pangiratesadtol the Bp®r sBafaed tocforth arfirkenecess

PR eSS el Rkt M e e Phnes 165 g ¢ he

upper swtfa30ethe pfodekd ircludas fortirfgod fitsBspdcesthat AN H%o BrTirst
including a first recess bottom 522. e first hard

masgeess1Bit shas deavahthsifirst rgcase poftera ungosrerdaliier aspaeeeich.

22, Lo b i o

Ccr egfitccoRdUdtion upp&\sabstedie.of t he sem conduct or deV| ce
25depicted in FIG |b after further processjng

accor di Ky 408, tha PEsRseTingludes formmeshyrissh atlbelignedesiligide word
© nng APEESERRRASARRG L b AER 21l 4 hOL IARRGC iAo ne

f obomed mlctdeavmethm}epﬁﬁmhd andepicked m;EIﬁserleetfchnd | g1 an

enbodl e first, spacer 526 and .the first. har
ok 5145 e prodes inglidrs inghgiofp %be&&%srméleecwrd mask

al Eﬂ%@@ﬂﬂbslﬁ predionsl gﬁﬁﬁt’eé’@dts&ngt)ﬁmc@lge %Bpéxts‘hbgt?atﬁ a%erlal Ina
materials, renove e nitride material upon
r eoens—émbt)tlg oxang31e, the diode is formed as illustrated in FIGs 1h, and 1j.
At 470, the process includes forming a bottom electrode above the diode.
At 472, the process includes forming a variable-resistance material
memory above the bottom diode.
At 474, the process includes forming a top electrode above the variable-

resistance material memory.
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wel | as upon the vertically exposed surfaces 524 of
the first hard mask 518. Consequently, in an

W@ ivomsaTent as depicted in FIG 5c, the first PErusS10a8k«i0870
518 (FIG |b) may be slightly'height-reduced to becone

the fir |

Cross- sg{l:taﬁgﬁl%g?ﬁﬁf@ E)(illge}())lftam}%eﬁrgs:tem condﬁct or ‘%emgc(eFIG th)
depnd thed is plaEin&ed&iy aéhback bnby pelishpng class anqmimmemtdh ng

to an enbhodi nent e or, d vice 503 h

e SATEECHIRPISERIRIT HE FiIPERES BEREamABHEAn 393 tpgface of
SC }het éi)ltfanami?st %%qa@ bry%%ﬁt%r.%g a pillar 529 of some

he sem conductive upper substrate 512, and a '
5 s ec o nd féGesw th dﬂctsbnwfs@@ssrswcmmdewlonh of s semhisondinter deyice

er. substrate 512.. A secong acer LS _formed

P 85ing BRelsHiCaccasindiin HRoeRERC aFi0 de SR8 et
an eRVRGSH aﬁmﬁemlt:&ﬁm&ﬁ%dlcé Bop ac@ipidbbdinsn@pratéssinge A
material. In an enbodi nent the second spacer 556 is a
ni semisendeativeilowen syksiraia§ 10 hay beea fomedlalon gisemagpnduetive
t he P]ér r%lbs a"ﬁ‘gg ?{)eﬁlﬁq}gﬁgﬁxﬁ&g Q?{egﬁe%olﬁdﬁgt?veﬁpgepgﬁ)fstrate 510

10S h os/\& dopet & Sorapaxisonno eleseatitanduofive dippes subsaatedlietthit is N+

device depicted in FIG 5d after further processing
ac depesl- ng to an enbodi nent. The 15sem conductor device
504 has $4 f
ot chod ShERTbeIEREES L4 SR RRIIERY dloxdtc BTORRIGRIIAL hfper
fi setfadeatld ofalsksendifonduetvé ipstr selpdiaer 5 1226A fiastchardmmask 518 is

second spacer 556. Accordingly, i||ar 529 has. been .

o hes e ke crRd et el ppels ofbed e
15° 1%11m@10fma09 bE&YpdRRmiilto eRHESR RSufier SHPAdeONli6C bR

etch, which includes 20 hydrofluoric acid (HF), nitric

ac|ed1bpﬁmt[®) the ficst hewst naskakii&dis @ OHBIME IHaterial likp silicon nitride such
enmbo nt, an isotropic etch includes an anmoni a
f13d P &-nitric acid (NH4F/ HNGB) silicon etch. In an

enbodi NMgG, SBEhdwWE EOR-Sectibh eRQBtiGH Of tBE 6émicoaiudGSdevice
sul fur hexafluoride (SF6). In an enbodi nent, an

i sdﬁpiéf&'ddn G oaftafyrtearprogesting accordiag gmar cmbwia@nt- The
S Ekop T TER o R SRUEATAE e RSl 1

e

ha\le) ® fofii atfakl retss 1520 lindhﬁhﬁg g lfirgtatdess b@tidiN 522 .1 The Yirsvhard
about 400:1. In_an enbodine an anlsotroplc silicon

wetnask S8 ialse|cxhibis ammalhhehwﬁé sydece R4y fagiligptesdan
ha\aﬁeaé&%ggt‘cq At{)?ﬁe Aeﬁh%r&@c&&&ﬁpﬂe?&u&t&{e%%) (111)) of

abou ment,” an ani sotropic
si | i con Rl6t Seflniws habsdsstide tlesamirhyf thasemicbnductor device
hydrOX|de

TVA hat can 30have a c stallln lattic
e SrPiiet B FQ 1Bbg et 145t Rspocanbg pocetigs Gan prbagiment. *Fhe
c%%?-ﬁot%@&v?&' SR Ha8Bkén ﬁokés%@d‘tov‘f%hn%t £kt 4 gHEérUﬁ%%n the
E that can have a crystalline lattice etch

r atfirst hatd @3k § 181 1The fifst spmoert S2¥thas been formed by blanket deposition
and a spacer etch. In an embodiment, the first spacer 526 and the first hard mask

518 are nitride materials, and the spacer etch, although it is selective to etching
30 nitride materials, removes the nitride material upon the first recess bottom 522 as

well as upon the vertically exposed surfaces 524 of the first hard mask 518.
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FIG 5f shows a cross-section elevation of the

sem conduct or device depicted in FIG 5e after further
WEe@eessiknhg according to an enbodi ment. The  PCT/US2008/010870

sem' conduct or devi ce 505 has been processed under

ORI GRD  G85 8 e LARFIG . e
anym@ W) afiyaeelightls heightredpesdtto pitdme theXASt hard mask I519.

a process enbodi nent, the burjed ox%td structuyre 560,

i's for mEdChyd SRIYSARFrossesen slevation tEFé%‘E‘sCQ“ uctor device

e h [

by COERET 0 oft B R GRS St i R RLpALIERE The
5 pr seregsndisor ddvicet Y03thad beerhﬁcltﬂdrthmixghxhejﬁrs:t rgogss bottom 522

d k h i
ToERE SR B et recp BB LRIREED fsamralbect | on
el e¥aichRBu@ive UpBerSRIBbEARIYE LAl a@%yérfaefeg@@ ibott8fh 330 iflsGine of

5e after further processing according to an
enﬁm:henamndum@e wpner sehstratet 2. desdcon smfceh 586 lﬁe@rmed on the

I r oc th ond s 5
L e B 3385 IR ST i 118 0 sBRRf e L
10 deQ@ﬁﬂei 886 W d KitradelRiterisll 17ah @mbbdient i sfelcbﬁd élassé isa
532 is used to forma silicide in the sen_conductive

uppiride gasaria that aya dlfferent cemppsitipn dap ke frst spacer 526 and the
e r device
deglg'gi{élgﬁcf %@P@h H@? usrlat °Z‘?‘%S§ grghgéig%l%g accordi ng
t 0 an ermmGdberstuiws alc ches§mhcm slduaticar oftthe semicbdudtarsdevice
een processed such that the first tal 532

zoﬂ@@ﬁteﬁéaﬂﬁdm% fprRergirpqesting sepoxfing fip.an embodiment. The
155 eF% gﬂ&'&&bﬁ’&v%pﬁﬂ I%H Bedd Rbfke? 48%&1091059{] gt §msotrophlcally

at1on 535 al1gned silicldation)
f| esmealremdi that3th unThB:uSéw hasd'atmmbeierhe findt dardwmask 519, the

ot st sDacss 520 i NEEPeBaN Fiedls HoracdPBER s Bl pap hdgoeen
by férhlcd dHaQ5@Est the Ebrﬁ‘i@oﬁdﬂéﬂdé B suEJﬁﬁté Ly hrTEt al 532

is cobalt (Co), and the Erocess has al |l owed t
25sal | mliidnn@mylhen’eetm 28 an ipotrppic IS Hteh, swhleh theludes

( I, 2) mat er . at | n rst

20 Rghrob Rk Shia T iR A AR RTOR A et BTy Ran
t h@hxbbanﬁ@itedhtllsmm@eﬂcﬁan/dlmStah anidiiig dusadé-aitde amr(NH4F/
line 535 as well as the first hard nask 519 and the

f i }Eios);sale;c@m etk Ingaeabhodinggnt; andsefienie gilisen dey gl gicludes
AR IR e s eofobeakade

S I @’mllﬁde@ &hory ﬂudnﬁden(O(eFQ)J I’mlaﬁteﬁibj)duﬁéntmmmﬁmiropﬁhmhbkm wet
nproved cell-to-ce]l isolation is achieved b

25 ¢] Fisbrint ngts RAGSEARUITORAB (SPFDIh OAETS &FEIHIS atis? etch
st H{ﬁot %@(2 (kfﬂ 22)? B AR 14868 M tin YR ERbbA] gnfe?it an anisotropfc ficon wet

section elevation
s e modnonduddsmnxdemutreh)dhmndd: &da,OH)Fha.cab ﬂnaaé & erysfallichlettice

P e RiEgat BT b b N od"h ol AtiactEnt. ap apisagropic

ST'sﬂQéﬁ weteih %’élﬁdﬂés' t¥trarﬂetHir1Va‘?ﬁ}n§J LnPRRIrSA88 (BVRH) that can
i sol ation of neighboring salicide word |ines 535.

30 5Shhvé3 erymjflutmelamco etehgatib (ﬂrOQa) 1 Bnlo€abalndOsix: 1.0l an
foI I % rx an et(%hbac
1ment, an anisofropic 3111con wet etch includes edp (EDP) that can have a

crystalline lattice etch ratio ((100):(111)) of about 35:1.
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chem cal - nechani cal polishing that stops on the first
hard mask 5109. FI G 5k shows a cross-section

web@oasd7eh of the sem conductor device depi ct eRCT/HSTODEAN10870

5

5] after further processing according to an

enbodi } em i C :

o ocessatat Ao SRS AT E RO RS0 AERT evice

fi rdspictedrial Fi@ske &fi& fanhertpradessingasasdinpgeo pn bmdodindat.aThe

a pillar upger surface 538. The fourth et¢h includes )
an SETHNAPIEVI¢Ea305) has bepbprocgssed Bndes congigiopsio cause a buried

Sé %F&%%Gﬁ:%é’ S60TR 21 hf'_%'hun%rchb §5 S ETGE 9 HHaleh Grthtp I%P]%fg any

substrate 512. e sem conduct or’ devi ce 509
al swolhdmaenss sppesbaphrbyillgrsd®iOng an epitaxial first film

540 upon_the pilla 29 at. the.pillar upper rface

538, | n1an PregmaapadAEn s BNdondl siEREs 50 i GRved by
si lth&Rial okiBRiAP Iavpratest kfbbdindn®) thé Burisd @#ddstructure 560 is
silicon. In an enbodi ment, formation of the epitaxia

f i fermed hyrspineon dicksairici (8O follgwyed by an eighbackqupeasy As
durj n i paxial caromth. |1n an odi ment. faormation .
of 0§ I e Bl S BROLLT St ey Sen

10 epickasisadtiqgr om h, foll owed by |ight N dopi ng thereof.

In an enbodinment, the epitaxial first film 20540 fills
a vi a t B30 hasheyeenciosepretion sleyationeof the semiggpdudietsevice

<SP R SO Hatn s AR B R R oG e

“epistmidoatiudtor devidel 306 Had Bedry firso pruicessed apiengpve the second spacer

15

20

25

30

oo AP 03 58 g pamicphih Ry GLASR hoh bk etaptigtivi 2
9r Qégetdl $32C M firsd Ear 33 A BRIsERN Rkt ARG ZREd ON

the epitaxial first filmb540 according to an
enberdiooaductive npper subitoate Gkt , t he second film 542

count er d), is fornmed ipn i.nplantation of P+, .
oo FEPSE Inaisa oRERectp iRatiaPofthE SmftPadforgr device
fi depiclediiFPd05g AfferdlrtRerR6ieITNE avdtrdifg td8n BMbbdikicAt. The
first film540 1s an N- silicon, the second film 542
i s sempendudtoredsyice| 974ms begroproaessed suchrihattthe firssmetal $32 has

segond _film5 LS. ri-ed s i,n situ P in

o PEREreak el I nt BIERSR of A stilcanoratiobty Sbslil e o

of férfea s&lieditiohi B (SdRalighedafliciddion)df thy fieftihexli 582. The
growt h, foll owed by heavy P+ doping thereof. o
Thealiddationipglds mto éw@ BCOnduCtheUPREE BibsEalg 52 dedudiag into the

to .Gl : 4 t d

ai SUEEr333 AdyBleATaREt §ha RS sa Sl Blme AEPRL A3, S

s eenmibddindnity) thel Arst snetalrS3R adlcahialt. (Col aad tieprodéssthias allawed the

cobalt filmis deposited over the second film542 and

¢ haRide ¥8 @}%?@%069%%69@%%?@ Gt aipls Py

S542idiGatfod! dySck B4 firsCRARRE ML Been bélfovHdfEh 8 Strippldy ©

is alter eg’ ar?ﬁ tca%ésrstgﬂe > Peen TEHo rippind
procedure that is selective to leaving the buried salicide word line 535 as well as
the first hard mask 519 and the first spacer 526. Because of the buried oxide
layer 560, leakage between neighboring diodes, and leakage into the substrate
(as seen in FIG. 5k) is significantly, if not completely, eliminated. Further,
improved cell-to-cell isolation is achieved by the elimination of lateral pnp

bipolar junction transistor structures between adjacent word lines.

15



formof the epitaxial first film540, an altered
second filmb542. Salicidation has formed the suicide

W@ owbass74b544 above the second fil m 542. PFQCT/UR®08/010870

processing includes the formati on of a bottom

el ectr OﬁGS%%hPOVS% c%s%l-s%% 1 éie\;dtlomo??%: scé?{‘ﬁP nl?ﬁ"f‘ﬁ’r device

silicon oXxi de mor a SI lcon nitr
10depitetie FEG! Stoafter Fdihérprebepsing ectoadingndk amgmbodinant. The

wth the silicide caontact 544 and. is,illustrat as an
opé‘ﬁn’éﬁﬂ@tft?f avitg 08 hes fgsn Rrgpessed it op %abe ?%%Pafaaélgnﬂy,
MayiG $19'596 Q:o lé{‘@é 1§ol§g&hoﬁ§e1§1b%lnﬂg gaﬁmhé Wekd llﬁékd535h The

ers. Accordi ngly, uried 3alicrde word line wt

5a SUIba6l nmylh;t@remss&ﬂindmbhaoketdemsmteolﬁ dolldvaed lb»eemetchback ora

for 5Furt he I.oces nma e u

t oFfiaicoLReaianic) gl Bal farn OF fAtBre el iI4e | ne
var i abl g{Gesk SHANCLcrIB-Sictish eRRARIYof2he séltRbfdRTor device
FIG 3. Conseq uentléma top el ectrode may al so be

f odemigted an BEG dij sifies h@bgm@e&smg agapidang @ ancankadimert. The
\r/rgtﬁ:e gﬁhdﬁ&%@(’lcelﬁ9%§ %le ﬁo%@éd W tﬁg fPHrth etcP tﬁlat has

e- reS|st ance nua

10 co hetatddohs fis@thafdibék § 19 drdl thatcax;acée@sm pilla2629 ax zﬁpjlllar

odi nent, the variable-resistance material may
anyppﬁr suFfacea% Thedoyeh ctshonsadesomsctelbrects thaf i Pﬁltxmvg to

i ELARHRE serh oA HIRAER T i1 hliAbG RL ARG 512

IS an cogenl de conpoun
forth i The Isemlcﬂbmdndtosdﬂvaace 509 has also beeIFp@ceﬁed fbyg\gsowing an

(e foioal 1 151 o 8poncfie pife 5o s B P Fgeq 8. Inan

15 €MRRBb RNt where the Pf11a8 589 & Had sﬂﬁ%ﬁ B8 dpRd-gh1ambe filtn 540 is

filmare patterned above a semi conduct i ve upper
subs N-ailieonhdn an smipdipwas dommtmnad theepithyial ifives filonvihO is

substr At .620, a fi t es
O p 2N it 4R s Bl b o 8S SRR
fi Fsrmatioh 9F thelX@itaRiA fifkt FilA 590M SRREMSE BiCepHARRI growth
substrate. At 630, the process includes formng

fi f@tovsqﬂdnehghtﬁ\&tdopmgl theriepf. dntwi@mqugnemteﬁ@wtwel fisifilm
lse 16 %llts h% tﬁai a%ﬁ%e% %%ﬂ%ﬂ%t%%éiﬂ&%ﬂ ‘%ﬂa&f §l@r IR an
pacer e ch rocess 1 ncludes a“second

et embbhiaienp, eit&iuhwrelspeteﬁmend fitth 542 hefosmed b9 Pdui@iplatation into
upper substrate and fo a_second spacer. that fills

i nthe suriace atbggpitaxial first £ fils S#bby couicriapiads i ncl udes
form ng tA%r‘f tl%Htof 'tlﬂ: é;ﬂt‘%xﬁa? st ﬁﬂﬂ %QP iy ‘?orﬁ%‘ Hf%rd e 540, 542.

substrate and formn OXI ayer
t h&he ﬂdﬁfe(ﬂé() 54Dhe fpmmHgngkxmg a scohd ﬁlmr54a (almtzmal) above

[ soI pi |, I
5 dhe ep1tax1a first film 540 according to an embodiment. In an

30

embodiment, the second film 542 (counterdoped) is formed by ion implantation
of P+ materials into the upper surface of the epitaxial first film 540. In an
embodiment where the epitaxial first film 540 is an N- silicon, the second film
542 is a P+ silicon. In an embodiment, formation of the second film 542 is
carried out by in situ P+ doping during epitaxial growth. In an embodiment,
formation of the second film 542 is carried out by epitaxial growth, followed by
heavy P+ doping thereof.
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At 660, the process includes formng a buried,
self-aligned, silicide word Iine in the sem conductive

wappenssswbstrate. In a non-linmting exanple, tPE/DsR0E0I10870

salicide word line is forned as depicted in FIG 5g.

10At 67

recess i eeADRHERE dp e M SoReRl pPocii il infla siliide
pr ebruatesii4s enfierdoriationve th@ﬂmde §4|@,si4ﬂat1hcmatlem Dﬂdl pottion of
a on-Ii xanpl. e dIOd

7| RiRiecar Bl a4 ErRrigd opl Ta g SmbRUpoCLEbalt i ja deposited
f Ol ¥Be @e&?ﬁitfﬁm ﬂﬁﬁfdﬁﬁ%a"}‘ Q&Y\%@l&? ofjé PE&ionf tiRB&cond film

the process includes formng a vari abl e-resi stance

5 matsd2 ua(carde nmmﬁqnsabwdy,tthe dfpdle tstnetatesis attordd .and takes the

At .684 e roc cl.udes formn 0 ectro

S b0 b e SaReART R bl SRR RiesProrft fBR 5T *Sicfifion has
7a foimieduad silicidetonaet SEsatove thodkcehEimh sans of a

sem conduct or devi ce during processing according to an

enbodi méturther propgssingzincludescthe §qymapion o & betiom| elecarode 446 in a
of R ISEM ‘ﬁ?rﬁi% s3¢h éjse"élﬁi?on788fié A1 %Ph%ﬁ@n gl%gél‘ghﬁ The

pr ocessi hg 5nd ower “subs

10 be dpttbmrai@trode Isosvlsad@emccmﬁulemg ¢enta@peith awmlﬁdi&é éontact 544
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712. I n _an enbodi nent, the sem conductive | owe

s u@gé isaillastyated assanropeacgndad cylindsam Qthes Spes of bﬁ@om electrodes
didrhby & #&?{? E}lﬁ(}}lséébdsﬁl[l L Elirle} erntdl'kﬂﬁe SA@E%;‘QQW a buried

dielectric suc as silicon dioxi
f omlmideuword lifeewith péwurisd ok sle aemidendictohdevice 509 has been
semi conducti ve upper substrate 712. A first hard mask
718°T¥% i sposed above the dielectric film714, and the

har d magirihdBprdBsindnsl) 64 &ftikd Gudlth |f6'i‘n? 44%9%4@ r&8&ihce

patterned to expose the upper surface 716. In an
enbodiéria memqrh@uclih assthe variablersesistatcs rmaseraal miemomye3 52 depicted

AR R B ehoe o

S e Fb&RNHY GhAAbIELRYHi g cd RitEliAGndrory! & arl 8mBbHRfent,thé D&able-
processi ng according to an enbodi nent. The

s e fgsisansa draserial dvameoftha mesal combinationhead fordh iniis disdosure.

P ARl 16 Ville ARl P el B o BT RRS

rmskxdzwn@hmmx kdt orttls ibthiseditdleakd. Yinexnpantestlimeiit] &revariable-
724 that faci Iltates a directional etch into the

s e R§siIeE anatemal inarer ofdthe shaleqgenide zompppysls seé farfuipethis

crgﬁékgﬁgglon el evati on of the sem conductor device

FIG. 6 shows a process flow 600 for fabricating the structures depicted in
FIGs. 5a through 5k according to an embodiment.

At 610 a hard mask and dielectric film are patterned above a
semiconductive upper substrate that is disposed on a semiconductive lower
substrate.

At 620, a first etch penetrates into the upper surface to form a first recess -
with a first recess bottom in the semiconductive upper substrate.

‘At 630, the process includes forming a first spacer that fills into the first

recess but that leaves the first recess bottom uncovered after a spacer etch.
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depicted in FIG 7b after further processing according

to an enbodi ment. The sem conductor device 702 has
when/ops7earessed to forma first spacer 726 on P¢EUS1I008010870

hard mask 716. The first spacer 726 may be an adhesi on

filmfor e
formed D" fRAHoTRERRldels ST AR entd el fecper into the
72 Gerhﬁﬁnbm&rveflmpmadlbbtyatb laad Kerinsdiespomid spaner that fills into the
enbodi nent, the first hard nask 718 is a nitride
maf®al , and the first spacer 726 is a refractory
et al n'AtrGS@etlﬁmé flcflies ?&El@a@uﬁd&&ﬂ'ﬂ merHeHlé(Q‘%uctlve
material. Thé spacer etch of the first spacer 726 and

5t heppmbstr&tp ane forri@ arhyriedeoridelayonthanfills theaindercet. i Hie
upon the .vert & ‘3‘(% eXPOSy E ullifaces 724 of the first
harpdocr‘?ﬁss?gsolli%u S BAMEEGSUARAPTAT " an enbodi nent  as
depi ct ecat g50FtHe prddess indRudes FriniklRs Bufi@s lsel?Jaﬁgﬁ&i Glicid®)word
may be sllghtly hei ght -reduced to becone the first
harige imtie semaconductive Upper substrafies én 8 hewltrméng GKarapleothe
of e I d on the
fi rb gflgg%)aglge(?e ‘%‘gﬂa&ﬁgg%ea?% dte??regtlﬁ rd msk 719. In

10an enmboditre0f thetpreces®ingdludee torming P aivde il @PedeSs i the hard mask
refractory netal such as tungsten. 20 In an
e EHRASES PraEOUSt RIPtegied SRRIcopductive pper sibgtrate material. Ina
r eanﬁ‘(iﬁﬁFlX TRirfible Séﬁ%'ancﬂi%fgsgﬂhéhlémlhls&aéﬁ if Hgdsrent
he neta %econ spacer I's a refractory netal such
as ni obiAtra80, the prodélsﬁncllnﬂesftmmn@a bottes ebetbidoabove the diode.

el evati on he sem co or devi ce e |ct ed in Fl
7c afterAtf@?t&’é’lpr?ﬁeé%@g Oé@&‘%ﬁ%lvﬁéa ‘b jstance materia

5en‘q.}géd,gd{?%0V6T{hgbg§§ﬁrglé‘c@3q§ctor devi ce 703 has been
etched through the first recess bottom 722 (FIG 7c)
to formid @écthndarwc@ssamluﬁzsformlrpg 4 togrelg2®defabgomte orfiriable-
m conduct.i ve per substrate 712, and a second
reéeegésg A& Fh‘a}%eql sone of the seniconductive upper
subst r at@G4 1. thfdugh 7f Shéi 0x¥8s-BectHoRefevalbhd O &Infi¥edduetdr
of the sem conductor device 30depicted in FIG 7d
af deyice dutipgprosessiEsaseongingctosndinhpdinentn le Fliadiaresross-
Th | 04 wi t h
20 3 SeOARAHT P s ffhcldt usl B3 FOB T BeF 386 Ploeligine

I s@| semioondulctine o elibsigte eI as Hpac fyrmed bl dw meanlzﬁﬁductwe
The STI 736 naY be processed by a bl anket ~deposition
f oMPRRISHOETAtR AL 2t BiaFgmbasimente e semigonduetivelpwar substrate 710

E?E F—%dﬂ)@ﬂ G088 mBA A t8the! sléﬁuédndﬁziét\ll\;ﬂpg) FB?J%F%&QHZ that is N+

OWS a Cross-section e
sedbpahduct or devi ce depi ct ed in FIG 7e after further
processi,n

25 B on cortbiEls Ccocgfglh %Q 5B a9 301 ceg@ﬁﬁbﬁedé gge%f‘di wRoptthe upper
f Ogﬁxtf geﬁl%rbfttMexﬁ]gﬁmdﬁ@ﬁ@é ﬁ;?pfe? guﬁs'ﬂ%tef'ferS ta ?{t%amgsk 718 is

t hat expos at apillar u
s u dfsaoed‘:‘cthve theadi¢loctrit lﬁilmt7dl4 ambtlha dielsd maske Hhandethe pelectrlc

th i el ective to l.eavin the sen ¢
ot 7 € B Sarkmet i e U et SC e ik, S 9a 2
embodiment, the first hard mask 718 is a nitride material like silicon nitride such
30 as Si3N4.

FIG. 7b shows a cross-section elevation of the semiconductor device

depicted in FIG. 7a after further processing according to an embodiment. The
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The sem conduct or device 705 has al so been processed

by growi ng an 10epitaxial first film 740 upon the
wWp@Rriobass7#29 at the pillar upper surface 738. |PCHIS2008/010870

enbodi msnt where the pillar 729 is an N+ silicon, the

caeaiyerb &ice 10T nel Bot P b P pney Syl 21g4FIG.

is 7ﬁ)iforfoﬁﬂ aditbt feyess 1720 iifidluding dcﬁmtngcedsx botegm P2t ake &lrst hard
growt h, I n an epbodi ment, formation of thﬁ epi t.axi al
fi mask 713 also£ihibits ayieptically Gxpossy Swisageidd atg‘p PEiliEates
15 &QT& te 712. After
foffi?rjglt:t?sgﬁp% Ml‘lﬁbgﬁgse{}halg |c§| rs wg?ﬁmﬁo to forma

5di ode 7HG. 7dﬂ10Wsi’ascrdssasmt16461evm ofsthé swmie:dndh;ctor device

0 AebiRann RGO Sar bt aaHE aitoo 8 h A% sPpAia The
f i @&hlcbhhﬁet&él&vhc% AN s beéd b&)@ébsed REfosRGOME: sfplabén 77z4s2on the

is a P+ silicon. In an enbodi nent, formation of 20 t
sediosidhatd mask7416. | Ehecﬁrrst Slwerd% rbyy b¢ax pdhespn ﬂdcpfqng second

duri |taX| I r i

of bR Rk R ipafin s s riheRAp SRR TR GMion 63 796 Phe firs
10 9r @péder 72®hdsmwRe fomddcmVlafiket d@pésﬁt@bri; Haraa@imbodimeént, the first

enbodi nent, the second film 742 is forned_ by

P+
i mpredmatk 68 isp nitgide materialrand the Srsh spager 426 s tigstoppmetal
epiy éé @& Eb&g&n LlchBs EARafind! tr?ﬁ%a&@ﬁ&l“%@ spARY eRA of the
70§ processe orma silici ge cont act
7441rstAbﬁ®r 726 amhthecsec@‘fd §pb&rd]i56dﬁay71@ﬁmvé’4ﬁme nitride material

silicidation of a portion of the second film?7 IS
carPPR EPectsrically cROEHISHER AeRSrt R R perpRRk 4.
15 deRQRid nt‘Py Gh ah REbBEHA ];lg Pﬁﬂ%@&?n ARl %hﬁfe'mlst hard mask 718

conversion of a portion o second film7 IS
cakFiG dbio utay b@@hghﬁw beightyredt¢esl tdibecens thelfcrsu:aed ingsk 719.

| tered k th f f.th t
Tl oo 518078 B8 Sho OB 15 el B iheet 148 tnas
f O'fmcitdmhé 'ﬁlrét%t)&%r 796 hAE bver4tle AROUHEIIRKSAGONH ahi | M

her proceSS|ng i ncl udes the formation
of embbdtrmqmm the metal seonyspaden 756 ¢ atefaciory metal suciugs tungsten.

suhas e filmor |I|cnn|tr|

07} i SrBoBne e ek Becant Tl 256 i RBOLL el v o
COofdrdsltmM 4n éhiBodittieit, dife et &xbnd cafWiSG 18 a refractory metal
illustrated as an open-ended cylinder. In an

enSBll #gHebiufhe bottom 5el ectrode 746 may be a

conduct 'ﬁé % g'lgowsaa !:ﬂogse %ectlgﬁ efétvgtg({ th? gérﬂfcgnductor device
Further "processi Ut to rorm a
vaidepibted-in FISGSR&IR@ fﬂmhei'rprﬁdesmgrwwrcﬁug ko asembediment. The

vari abl e-resi st ance mat rial 352 depicted i

25 | gemipondysieredsy, %P@bet@h@ggmé thiaf) rsgr%ssﬁwom 722
f Orﬁﬁ %?to%nﬂ'a%%?&?djre P&W@gt{‘r@n\éﬁﬁiﬁﬁ SleH't PE ance
rraterl al™” menor n an enbo , the variab
10semicohduntive mppafsuhi;trats 7 bih,;andfa sebmndretesk botiorni 738tin corme of
set. forth in this disclosur In an enbodi nent, the

vathetsuiconductyeppner SuisERC12any of the netal oxi de

conbi natp[gNge ﬁ% of DErbs-ieRtibh R vAtiHI AR Eé?mcbﬁld&'ibr device
enbodi nent vari abl e-resi stance material 1s any of

30t hdepihakldmﬁé@ Ubaftey fpohergrocessing ecconding t¢ i embodiment. The

di SsgrlnPc%g(rluctor device 704 has been processed with an STI 736. Consequently, a

given STI 736 facilitates isolation of neighboring metal spacer word lines 756.
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15FIG 8 is a shows a process flow 800 for fabricating

the structures depicted in FIGs. 7a through 7k
W@ewonshiwy to an enbodi nent. At 810, a hard neRKI/HSZH08/010870

dielectric filmare patterned above a sem conductive

UPR§E S?d g/é%? :ng‘%)gt.)et %k@fs'séc&gﬂ' g g&fﬂ%& &Bo?tiﬁﬁ FofioRdy Bg ¥ Stchback

| ower Irst e enetr at
I niod aichemivapeateckaniéApelisiing thanstapd on die ﬁret:lmrd nwisk 119

Subst r a0 1 sHowSA Craoseot PSRV HIBG o FBESH e eNise

a fepietedan @I@e‘?@&@er%ﬁﬁ&rpr@)&@&né h&dordilﬂg Qo 51'? @mﬁ)bflﬂent The

recess but that [eave the first recess
5 unsem@osducibr daviepHlddras @whpn@gessacsmth&élﬂomh h:@hgh@td@s S

sonrrigRibeR e pEmag s ind BRC R R FET g BLE ol F

i n%ggéi%%rffa@é MITRe fousthl el ihélRA& an &teh aetch;ﬁnhﬁtt & WElb SR to
the process includes formng a diode in a

r edeaying the ﬁﬁéqu?aiﬂ‘éﬁtmélkat@fﬂﬁdtof thepeaveonduetjycoupitey substrate 712.
prot ect Ie%%{ﬁlc%%ﬂgé{‘&} ht%/v?ce aasaklsgsotefaﬁl&) ocrégstegrbg?mwll& an

a 30non- exa ers orne
101 | lepBaxigit fixdt filin H@&;pcﬁethe,faillaﬁ 799 at the pillayappsr surficel (88, In an
fornina a bottom el ectrode above. the di ode

g7 smbogdiment yehersthe pallagJe2 15 gy Nit §iicgn, the ep1tax1a1 first film 740 s
vahh 30! GidofS 1R taﬂ%%l% g%&&,;fghnmmh@@@v@ Biestflkd 240 is

el &ctr ode, e process | es form ng
a tapiedlonc by ddenaNodepihfdunng e@itaxel gensw&lt dnae emitodmat,

menory.. 5FIL.Gs. 9a 1 hr.ou show.c section
o O HatioR ! g cpi@xtal B BT A0 THTTIELOBLRY ST s A EEng
15 ac%’llcﬂ:lfélgb R lﬁmedﬂb‘i}%t'ﬁ@ﬁbf In FIG 9a, a

Cr0SS- sectl onh el evation of a seni conduct or devi ce 900
| s depi cifeat fdlunatwg theeptaxiag first fidmidOda diomn & diode ey 742,

B RSB ) e R ARTEPINE A e
Se@bﬁzﬁﬁﬁtﬁr‘sﬂ filen 740VeIn smUdastiddahentSlere the epitaxial first film 740 is an

N- silicon, the second film 742 is a P+ silicon. In an embodiment, formation of

20  the second film 742 is carried out by in situ P+ doping during epitaxial growth.
In an embodiment, formation of the second film 742 is carried out by epitaxial
growth, followed by heavy P+ doping thereof. In an embodiment, the second
film 742 is formed by P+ implantation of material into the upper surface of the
epitaxial first film 740

25 The semiconductor device 705 has also been processed to form a silicide
contact 744. After formation of the diode 740, 742, silicidation of a portion of
the second film 742 is carried out. In an embodiment, a cobalt film is deposited
over the second film 742 and thermal conversion of a portion of the second film
742 is carried out. Consequently, the diode structure is altered and takes the

30 form of the epitaxial first film 740, an altered second film 742. Salicidation has

formed the silicide contact 744 above the second film 742.
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10 is P- doped in conparison to the sem conductive

upper substrate 912 that is N+ doped. A
waele@bmessnic film 914 such as silicon dioxide iBCT/U$2008010870

upon the upper surface 916 of the sem conductive upper

the i of Sarprofhssinedio AP REaRdf or 2Bl GRES BTG i o
di eliedettiic filrd 548 buokSdsh dilisen dédnfimot esiliedn niride fitae The

t he upper surf 916, an enbodi nent, the fi.rst
nabatpRelecipge 146 is drpiotsdies MABE PaRar with ARGl Contact 744

ni Ghl %llﬁ&ﬁﬁe@% al P¥-ended ¢ ¥lnﬁeﬁ IP%h SHBY¥EnRNt, the bottom

cross-section el evation o he sem conduct or device

5 deplectrede 746 ﬁlaﬁbe Qacoaduoelvefp\lug, hémepmoﬁ@s stmgctarec or di ng
to an Ebg‘ The 20, seni.c ctor dev%ﬁQOl has
been et ¢HE e‘tWPS?féWgt‘W’e‘/ Rippte ﬁ‘r‘ 85%”‘?9&6’3?‘ BIEBLINGE

f oABt@idl kﬁe?ﬁorz 86asss tHe Yartiavléeidighcd nhdtéddl EB@SBS2 depicted
bott om 922 e first hard mask 918 al so exhibits a

vein FKal 3. yCenspauratlysutaparlectodls mayalse befarmedtebe disposed

g Iu %E e galgq%tlg ??1 é@ésnecr%n%%% o Cq[l][l (ﬂ’gg\% (e:lé %@%@H%ent the varlable-

10 pr @@s@&@rﬁ@ mferdif gy 6fARP aictd] ¥ombateionO2H ferth Iri‘ltﬁlsfdlsch}sure.
hard 25 mask 916. The tenporary spacer 926 has been
f odrrag empodiment.dhe waIiablG-TasistRneS Matsiiad apy obthe magtel oxide
et EBmpldi8 (ﬁﬂi s qiddMRutd. "Rlan b RSN, B datign.
nitri eria e tenporary spacer 9 I's also
ni tesigtanceanaernialis anyhef thp abdcogehile compobeds setrf@thamythis
spacelr 926 may renove sone nitride material upon the
vetaMey exposed surfaces 924 of the first hard mask
15918. Conpggag @y snowisth HocaS MRIPSSY fm%br@ﬁnggme%ﬁemm
FIG 9c the first hard mask 918 (FI G 9Db)
s| idgpicted ih& i[@ht7artmtugb @k ascartiogfto g emlbadmnamas k 9 19.

FIG 9c s ros cti,o vation, of the

seni cond’tf&qgs g%r\?}l%%s f& di I%CS“ ﬁ?‘ﬁlaﬁ p%[?”éefdtaé’rov?ﬁrt her

Pr QeffdhMeLtAE wPpéH ubstiAAe lat BrdissHsb® oA a sdMfonductive lower
sem conduct or devi ce 902 has been etched through the

fi substiatecess bott om 922 (FI G 9b) to forma second
recess il

53em cor‘féﬁggto i vgrsﬁﬁgé {R%Sl ?Onﬁl@%gpé age tsoefé)cgm (f first recess

r eqdisa HAt t&msﬁﬁiﬁtomm&ﬁmrﬂfcoﬁdumse npp@rsdbsttate/e u pper
substrate 912. d shows a cross-sectio

el evat i d¥ &P, the@rasess E‘éh’é‘ﬁ%f%’m“tge% figst apg &@péapqqer thagfill
9

c u‘ﬁé ted ﬁ{swéfﬁs%rbug Frlfag gef‘c]ig% g}g:of?r‘g \Eilgég %888‘%‘ Lﬁﬁovered ﬁﬁer spacer
foetchingon of a buried oxide structure 960. 10 In a

process enbodi nent, the buried oxide structure 960 is
25f or med Ky $RethiRrocsss watudgha sgoend e &i&ﬁ%@n@ﬁ% GBRE Into the
Ig% tR¥ Iy pire 960 is formed by SOD
oI owe y anggl%'h1 Fi process. FIG 9e shows a
Cross- se°dt856nthelpem’ss moludes fdmmirmearsltdlodutrensh ishdatianestructure.

Lo an crfclOnbReroopRoms Bes it 5 Begaans riihe B hard sk
I ekt %ons&‘ﬁre%?dﬁ‘sﬁf%gtéﬁfea rseﬂ?c‘bh&@ct%‘hpﬁ@@é%s@atgﬁ{a@énal Ina

nitride first spacer 956 and a netal Second spacer
30 96 on{limiting emnlcntbntdwdehefqmmdlas dbstraddpiter7e62 i s

e mot a1 Ol BRaressit e s O § Byl e By SHE R Cal groce

as tantalum In an enbodi nent, the netal second spacer
962 is a refractory netal such as 20 ni obi um

The sem conductor device 904 has al so been processed
with an STI 936. Consequently, gi ven STI 936
facilitates isolation of neigh ing netal spacer word
lines 956. The STI 936 may be processed by a bl anket
deposition, followed by an etchback or a

chem cal - mechani cal polishing that stops on the



25first hard mask 919. FIG 9f shows a
cross-section elevation of the sem conductor device

waelepoosssd’ in FIG 9e after further processing BCTUS208110870

to an enbodi ment. The sem conduct or device 905 has
been pr e ' :

the 11 r 25t ar epaogksg rgRidel rthiis o SRR RS e
92 theatorg apovd the bdGampeectmdef ace 938. The fourth etch

i ncl udes etch recipe that is selective to, leayi .
e sentAgdu e eRnTER IR Fosrathe ot geprs e Variable-

UPP&istatte Hhdtalifl midory The sem conductor device
905 has al so been processed by growi ng an epitaxi al

5first fiRlgs %hr,th 9 lhowpictdsaise@ipa edevatines pf 4 $eamicongystor

sur,f ace .93 an enbhodj. ment where.th r~929 is
5 GKCE il plote AP an DGO, B FI6LoR 3 s
si késion-eldvation oeabadioﬁﬁmotoﬁdwmtgoons @épittea dafhg prdcassing.
first film940 is 5carried out in situ N doping

dudy Wl@@nd@%vglowéumramglq haSélewe formeédv@l%ﬁﬁgmwpﬁéuctwe
fi k
FoLPBBbuE 812 Gl 0 TR R, BRI ORSRAR e s 010

y ON€e o ep X1 Al or I np

10 f oigP-addPed de cothparésonaoiiedicriedndut ivemspes Buttrate 8 2 that is N+

epitaxjal first film940 is carried out by epitaxial
gréﬂP‘Hi,- followed by |light N doping thereof. 10After

o oo, 040 Rl QRO LTI ag sieBf glomd® B Ikt 40 Thupper

gr ewifay % 63 chmsbniiconiugt2e ammeulanatecﬁm he ﬁqulhaakmask 918 is

enlbRPTRAPor hehERferimidond Be pardpasy fard the dicectric

15 | MRAABIAHa08 bbcH atichiRa14D RRpose wid @5Rr Slrfide® 18Pih axi al

first film940. 1n an enbodi ment where the epitaxial

fi r:mbomrmmt,ghc)ﬁr&t hard maskN\2 1855 hingtoide maiteriad dike mdichn Inttride such
942 P+ silicon. In an enbodi nent, formation of
th85§8’c‘@nd filmo42 is carried out by in situ P+

dopi Ng GUG MY SR DoH-segtiontRRvatidh Githe shRRbABYer device
formation of the second film942 is carried out by

epfepigiediin FIG\Rapftar cfumleﬁn@aomsm&@ﬁwrmg toph ergb@chmeebfThe

20 TNSAREL ARG AT Wt ReORASHA IR (REGTHPLAGEIAB (FIG.

30

orma silici con ion’o

t heaYioddam Q41ist rodeds 930 linctudiag 4 kst éceds lmxtdm 9@2 ofrhé hmt hard
second film942 is carried out. |In _an enbodi ne

coBwsk 918 plspicxhipispa yettically guposedaurface SR 4 that|fﬁelbwze8@nd

e i s

aI tiewe@I 9@hHhas lelea sprdsdesseﬂao m‘mmf a telnmoemwtspx¢eal926 |onshe first hard
mas 81(‘3l nT cla Ee%peo?’ar?l%%gpeg 95|6 ng t?eAé'rzl forsn?é by glan et deposmon
followed by a spacer etch. In an embodiment, the first hard mask 918 is a nitride
material, and the temporary spacer 926 is also nitride material. The spacer etch
of the temporary spacer 926 may remove some nitride material upon the
vertically exposed surfaces 924 of the first hard mask 918. Consequently in an
embodiment as depicted in FIG. 9c the first hard mask 918 (FIG. 9b) may be

slightly height-reduced as the first hard mask 919.

22



25has forned the suicide contact 944 above the second
film942. Furt her processing includes the

wo or0amss7e¢h of a bottom el ectrode 946 in a di el BET/DE208/010870
film948 such as a silicon oxide filmor a nitride
film TIﬁGbgé %lﬁd@sezl G54 O fior é@vh&@&ﬂh&‘g&ﬂic%ﬁdm& ice
contact w'ft e sulcide contact 944 and i s
i | ldepictedtin F1@s9mafiafarthandeckssiyg aocheding @ he enbyppdmsenof The

bottom el . ectrodes can be 30i I nt ed, such as plu
botSEBifoafeeT %a_gse, 963, s peen @ten??@fge&tgﬁém e fses bottom 922
FUERE LR PR fofi®Yecb& 9-2[%[ 5 bRfr 999 of &:ﬁ@bmﬁ@

vari abl e-resi stance material nmenory such as the .
5 vasemivioaduaiesippercambatadte Oil 2| andersec gnd3sesd dpitomeBO insome of

FI 3. .Conseqguently, a.t | ectrode may al so be

foﬁ‘f‘eﬁnf"éorﬁé'c&’% 8“%8&291?% vari abl e-resi st ance

mat er i alFIGEo®ENowd 4crdbs-Svbief e ation e semiconductor device

vari abl e-resi stance material is any of the netal

codppistediin FEG s aftesfumherpredesyng pecor@isg tean pmbadiment. The

empodi nent .. t he.valJ.ahl e-r.esj nce ' ]

¢ neSHsPRRbesof iAo R RS BR ARG TE b B oo,
10di 36 b @sedess ethBodimetyfietbuiRdtoxiddsrucaiie 860 B-foAaédbatieemal

materjial is any of the chal cogeni de conpounds set

f ooKKlafign.+ i & pigcess| e@glmdgper.lt, the.bupip@oxr_gg structyres 9 us farmed by
pr %?ﬁf&yﬁ%&ff(ﬁ&t lg{atc&?pgée%@t ing the structures

depicte ough 9f according to an
enbodi mAIG. 94 EhtwslDdr0ss-sechian dlenatsdn afitte dereicendudtar deviom

are patter ove a sem conductive upper substrate
¢ haebieteddn %Eésﬁﬁa%q frB e AreHtIDe Pf‘iPéd‘Pg\R% o0 SoS R, The
15 A 18R anAsphtértias BEGTreRRABY." ®hESerhibbRduchit dEPRLM04 shows a

surface to'forma first recess with a first recess .
bomesahnitnide festspader 966 and a weetalspeandssphear 942 e In 4% Ambodiment,

1030, th [ d f ' fi t hat

11 Erempl oRpRE et 067 BoRe g0 Pralaich S bR T b

I eCRbHD RN ARL HIReAN 8¢ sPhdeP 063 PALRIFrablos iieehl such as taffalum.
1040, the process includes a second etch that

peheen ambedimsnh thtmetad second dpacer 962 isppefragtions metad suchnas

20the.Osbenrinconductive | ower substrate. At 1050, the
pr&eé‘é includes formng a buried oxide structure,

f ol | owed’hdQeMycondiBvbdevide 90achagialsbitden pestpsyediwith an STI 936.
spacer. At 1060, the process .includes formng a
ni Gongrauentlste Gparatl 936 feilifatesiselation ebarighboringametal spacer
sh ! : i . B
At 0ot £ et e PHE BRobeiBd By bl BB i,
r edeléevedbyt ireetbhbvadk waalchémail-eeplaadcal poBshing tay stops on the
pr ot ejf %g sen%'}ﬂconduct i ve upper substrate naterial .

25 25 fsstharhmask M%i ng exanpl e, the diode is formed as

LT ustr 58dof $hols@ crsklsection elevation of the semiconductor device
depicted in FIG. 9e after further processing according to an embodiment. The
semiconductor device 905 has been processed with a fourth etch that has
penetrated the first hard mask 919 and that exposed the pillar 929 at a pillar

30  upper surface 938. The fourth etch includes an etch recipe that is selective to

leaving the semiconductive material of the semiconductive upper substrate 912.
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At 1072, the process includes formng a bottom
el ectrode above the diode. At 1074, the process

WO p@bsksd7 f or mi ng a vari abl e-resi stance nat er i BCT/HE2008/¢10870

5
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above the bottom el ectrode. 30At 1076, the process
| ncl udesf, %Ex%c‘&dﬁ?tBP@e\ﬁéeWSrl%g%ls% Yf Ipf'&%sééﬂr b King an

resi stance nater Ustrat és” an
el epitaxaali farstifelm 840 dddiOthe Ipdtar |9I9 lauﬂhespllﬂmmppelr swofade PB&ieln an

stru res in co varlable r.esiLs C .
BRI HOETE RO SER ELamY JUIA0R: BEAPHBYG LS 540 is

el &f N-QMlidond gy hﬁ embb@fndnf AbHARD o ffthe SitAMUIRAENM d402Q

that benefits from variabl e-resi stance material nenory

5 eantmdloruehy én siEngong daring epitaxizd @mmtéln tAsm.lzmher

eEBPSI e PRy TR0 B A S otk st dffpred by

t h@he bﬂ%lt&iﬂﬁ g¥éwthak li@plaa&itish a6 eeniabRdE akn a&eambydlmem
arrays that are used for_booting up the processor

t héeranasipn o thesepitgsial Best fipO4Piinearried puidhoeRi Bxigl grpwthe
|
b SRR Ry R BREEE0TE TS oy Ce 1100

further Affeelforihefion dioheepitrial fiest TlR®40To gompowdiode®40L%42.
1130 is electrically connected to the first

cor"Fb it SHO0H i tHS D OUMEE 1 STz pva Gabon the
GRS (IRND40 Sd86rdil, B £POAREKiMBL. Ah'afnidodirhdtOhe

|nc e-resi stance material nenory
en‘smzhndé‘ﬂn@@ss figrneddyels's ingametiorodiso tlwsmpebsdfaab ol e
materi al .as d

b 0t R, 400 SRR SR PRI i PR A e L im 940 is an

ang{_QflicdhCihe @eccﬁ‘mnnpm 89 P4SERCIr0 IRAhtePhBddnRBHULIinAon of
circuitry. I'n an enbodi ment, the device 1100

f uthesecondhfilny 342 isscasesbont bydwisite Péowpumedurmglemaxmh@rowth

£ o TE A epBpiEnt TOBRAR or i fesbia Bk Sz B SR &i%a

Ci lgEdtithl Follbhad byllek@yWP$ @loping thRétese enbodi ment, the
|nterconnect|ng circuitry 1142 incl udes

var i abl dhessmicoadeeongavits U5 s slseeenbirsesiente farrwa silicide

ar %oxﬁ ggtgﬁq %ﬁé}Q'oHRétQ%do% tfiee(i gﬁé 93(? lﬁ@"%‘lﬁ%ﬁgﬁm fﬁor‘ﬁ%n of

secon evi ce conponents
anpid decendfilnh D43 bs cuetiat yut. [oah embodlmunt raycobalrt fibinhe deposited
m cr opr ocessh% Ci r.cui ts, etc. ASI de

i nO¥FCBR Aerond AmA42amdithermal FonysTsion,  Reion of e sepend film

Lo SRR oSO g SRR e

e ifiemy o £thib @ditaaalt frsufSinn §4 v dhada teded sacbbe il 9d2 e Salicidation
has formed the silicide contact 944 above the second film 942.

Further processing includes the formation of a bottom electrode 946 in a
dielectric film 948 such as a silicon oxide film or a nitride film. The bottom
electrode 946 is depicted as making contact with the silicide contact 944 and is
illustrated as an open-ended cylinder. Other types of bottom electrodes can be
implemented such as plug bottom electrodes, liner electrodes, and others.

Further processing may be carried out to form a variable-resistance

material memory such as the variable-resistance material memory 352 depicted
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FIG 12 shows one specific exanple of a conputer
system i ncludi ng vari abl e-resi stance materi al nenorys

wo eooawsB7as descri bed above. The conputer syst ePeT/ES08/010870
contains a processor 1210 and a nenory system 1212
hoy i gﬂgu ' %ﬂ%, IR
123’8?&'%u O%(r%g&ex h%)l?(g) ég?étléoﬁi% e c%lg(gﬁ?g Syg?g%ﬁ%ﬁ&%’&‘
c onbaventha yaraisle-hedistenceqhatenalanayeiye i ahendiodiment, the variable-
enbodi ment, the conputer system 1200 contains an ..
i nﬁ%ﬁt‘?tﬁ‘lfﬁﬁmter(“ﬁ/lbj‘%i’é@ﬁ metal pogbynations §et<,fBH5€ insfhis gigplosure.
t "&n Bh eA®B&Ment ZRO vAMDIL-REiSTRIZR hatd¥at iCaRy otk Re nlethl BRide
enbodi ment, the conputer system 1200 cont'ai ns user

51 ntcembaasionosg dorthn insthishdisclesuee. clowgnl eabadomeite the/variable-
circuit 1220. .1.n an embodj nent, .a vari abl.e-resi.stance
e e Ao B RhapaEenidhoRtpoigbi St LR
pl Wildstiye. of 1/ O pads or pins 1230 of the 1/O 5circuit
1220. The I/O circuit 1220 can then be coupled to at
| east oAdGol0 s sxgheviscy pregess flow Hi0Hfor fabrizaiing thefstrpgtures

st qfr | poi nti ng
deorBRRrIsIOF dhifituef of £53PA00 1l Cn Bty Cy

10 conponerktsl (40 ca birdenaskxad dicédc Wi lard patetrsduboes a
system 1200 such as_ nodens,  device driver cards,
ad §FMIcORGUCtVe WPREfSUREIte that isdi1gposed o semiqongdpgivejawer
ap@{lﬁs@aﬁé ed that the processor 101210, the nenory
system 1212, the I/O circuit 1220, and partially
I sol at ed\tslt020,4 firse stchipedettaessintr thg @ppensuctase wfform a first

conmput er . system 1200 can .be incaqrporated on a single
o n;%ﬁ%wgﬁ Faaress Defjoh g fheicapendiGhY PRRSE ST
15uni ts mey 18GURE pkRRsCRABRMA! fortira fil FBpdeet t{%_ﬁ}ﬁllli 1o the first

processor 1210 and the nenory system 1200. '
DetredebebutMaadedves iherfinsefeeess botsfomhmcavarodplieryspacer etching.

d i t h by. foill ' i fj

s pect o Aleah, B8 areeRY it fifeoh stennif Rlch S Fipp PAEBth e
di %éﬂl%ﬁﬂ&tﬁ?@hp?ét Jbedte 6fd the RS NATRAM 16WeE Subdirfe.
described in sufficient detail to enable those skilled

in the d¥t1068, the aradesseinelvdesifosmingseburéadherddaratricsure, followed

a nbadi S d I, logical,
20 2 8 368 ¢ PR BT 0B e w thout

depar ti ng 11060/ tht Beoceswipeludés fondiny £hiede s §la0sy b enetal
The vari ous enbodi nents are not, necessarily nutually
ex 8pqpadpRaceang srida o Seneie isplation abpve Be byTiedaxidet h
one or r t d . '
The Det o DFOrHEprRERHLARE fhihs PUBLORNY RIBR I
t akeask ithat @xposes prentpusbrmetec2l aanidondudeppper subbtrate material.
di scl osure i.s defined only hy_the appended clains

25 a iﬁﬁ@ n@ptlimiting examplesids Bé‘}/dﬁf‘z Eymed 3 dhstrated MAICr s uch
cl ai ns t : T ¢ rodd
"substr 2’92,99%,8%5 bfdr%eﬁwlgdg ggsc{??g%ﬁdrﬁ?ttr}dgﬁgggn%ny ove the
st dikeur e havi ng an exposed surface with which to form

an el ectrani evice or devigce conpone such as a .
o omonortt 107% e Pt e B OF iR Y aPle- S ngS prlterial
30sAASIrY AbSvd the BBASHAQAYdEO i ncl ude sem conduct or

waf ers. " The term substrate is also used to refer to

30 seni condudi0@6, the prasess ingludes forgingr iopshictrgde abbvieehe variable-
i ncl ut%e ot hgﬁ@(ers such as silicon-on-insul ator

(S(rfs)ls, angg Lnatg H2VE been fabricated
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t hereupon. Both wafer and substrate include doped and
undoped sem conduct ors, epitaxial sem conductor |ayers

wGepposd7ed by a base sem conductor or insul at oOPCT/EHS2008/010870
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wel |l as other sem conductor structures well known to

one ski lghad 1 ﬂlutsﬁﬁteg‘gutn electlfic gg\rng% ?ijﬁ’lg{ fﬁﬁldd\%s buried word

under st 00 udé sem conductors an
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e para to the conventi onal p ane or surface
of embmdmmntsorE:smmﬂcmﬁfh,st caapponghiekl20ghclude Hgnamic random-

ientation of the IWaf er ,or,. su L The t 1
" asesemeRiorg 18 2 “eadisge i oh Bl cnePBurn Teg e
hoptFegdof thad nctifdeks REHalO Qééi%tanlaé @rib@@ia‘l infiory 3H@ls B8t are used
on," "side" (as in "sidewall"), her," "Il ower

» ofasrbootiag #p theprecessar. eIndberser%@mmeﬁ avisenperatiog is Haproved
O WRhE SRend St5rR1c THGLARE RRERA RlnbREhORAUELAce

of "t or su regar
ori ent atth @ eﬂi‘botiiaﬁmuahe tewdte swmsmﬁaéxemcmaam péwsit somede 1130.

rovided to co with 37 CF. R 1.
aﬁp PPWET @mlrfaeow:drglé plepmllwwneateﬂéwth%férsr g%vd%ﬁ’ cqrgponent
qu'l?#é Msnﬂ%%ﬁ%xtcﬁhﬁlechﬁg cﬂ-asl 611926 frhﬁn SR6EMIAL, the
osur e u

di sc 'S Su n1tt nder st andi ng
t hadteicbnwdcting oivtuibry 1U46 indlwdes nranahicﬂsmandm materigllmeemory

f th d h
© o PBGefmeTring BRcesEE TPy destabei AoV o eddon R,
beldgﬁ& sﬁagmeaes&%e%%bc@awhhr@eg aechddsaﬁh@@yﬁ with

met hod of disclosure is not to be interpreted as
r efilasks amijorasiching etet taybe kead te hasterh aprdvgtingoueiifent s

require. nmore fe tur an a e essl rec:lted

cach cf 4 A Sprprpentué Rdeq Lo PRE BrlaRES HePfg pvice

| N¢eMbbNdht 39 P0.eThe ﬁbh@ deviBY cdrhforieht lElS)SlsTetb%&lc&ﬂlbl connected
features of a single disclosed enbodi nent. Thus the

f ok theifrat Qgr@nqmntalrléZOH@rr@bytermewpsmg&@r@ultmk #2¢ Hekewise, in
20 25 BRE b8l Ghd Rhd Ohnelid'ciFRGHy 718 MoRIRYIAdbIO Fesistance

erar I's claine
material memory embodlments that are formed using methods descrlbed above.

Examples of second device components 1110 include signal amplifiers, flash
memory, logic circuitry, or other microprocessing circuits, etc. Aside from
interconnecting circuitry, in an embodiment, the first device component 1120
and/or the second device component 1110 include variable-resistance material
memory embodiments using methods described above.

FIG. 12 shows one specific example of a computer system including
variable-resistance material memorys formed as described above. The computer
system 1200 contains a processor 1210 and a memory system 1212 housed in a
computer unit 1215. The computer system 1200 is but one example of an
electronic system containing another electronic system. In an embodiment, the

computer system 1200 contains an input/output (I/O) circuit 1220 that is coupled
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1. A process conpri sing: formng a first
recess by use of a hard nmask, in an upper

W@ 0evossTduct i ve Ssubstrate that is di sposed abp@BEUS2008/010870
| ower sem conductive substrate; form ng a spacer in

;{" ?cf felfg g)t%cers?o(feﬁ% and the m&ﬂﬁ? sﬁfgteﬂl PEEONE LEEAEGiMRAL the

enetrates Into per sem conductive
su beﬁmaﬁee sys&rml IBO(atorftamsmsem iptettheer compdﬂaatsupmere coupled to the
conductl e _subst e; 10for buri ed saL|C|de

WOIIL(P firqhet §299; AR apem 8 m%ran‘i'q’i’g'l E? “ERlsiangoMaretiRt pemory
| seh@blifenttl & ?Wd thBRe BF 4 bﬁfrahty of /O p&As'or 'ﬂ)&'hsal 2@0%@@@ I/0

in a recess of the hard nask that exposes the pi
5 at ciouitipR24r. BheVQedrcuind22®Eéan rzlmm bé goupled)tapat least one of a

! enciar b « P25, Sl s TR 260, F R E2 A0 anc

f oarponﬂmtgf&vtw negl. &ablulwed@pmwﬂed thaCothér édMepdichisate often
i ncl udes: formng a netal over the pillar

an@ssogiatedevisle therrompuies systemn 00 shetnes mgdems dewicg driver cards,
f of H%ll&l Sal%wré\% dde%'éeg' qu ttr%vﬁlr}‘ﬁretffécﬂ ﬂoe gplrecgatecir e e %?(fc%%or

in form a recess

10 t hezh@rtde mealory b;asterﬁpraese I/0ecieuitl 1220 adndtpaetiadlypieslated
surface thereof includes: tchln the recess in the
haSEUGHRIER o dajp @m eYHeR B s%naplapr gysesp 1204 ?ﬁ%@@%ﬂ@ted

on
epf%*%%“%lé riferd bl RRER Shiilc PRagcllods Al Ay reduce
fi tha cordmuriibatiqr tiroe bst“cefcn thegprocSsomitdOaind theomeinogy syseem

var?ﬁgle-resistance materi al 30nmenory that is coupled
di ode includes: siliciding a portion of the

15 ?glr tma)r(ll @gls;%t@t?ggnd fglbgdi‘itphgré 281524 tta I}]ﬁé édc@h@ﬁ d}ﬁﬁ@ﬁ?ﬂf&m%s that
show gby way of 1llustrat?oc;1 ggec?ﬁcoe?spectse ar?cli e&ggdlsnecr:lgsnm %&E:hlch the
present disclosure may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the disclosed
embodiments. Other embodiments may be used and structural, logical, and

20  electrical changes may be made without departing from the scope of the present
disclosure. The various embodiments are not necessarily mutually exclusive, as
some embodiments can be combined with one or more other embodiments to
form new embodiments.

The Detailed Description is, therefore, not to be taken in a limiting sense,

25  and the scope of this disclosure is defined only by the appended claims, along
with the full scope of equivalents to which such claims are entitled.

The terms “wafer” and “substrate” used in the description include any
structure having an exposed surface with which to form an electronic device or
device component such as a component of an integrated circuit (IC). The term

30  substrate is understood to include semiconductor wafers. The term substrate is
also used to refer to semiconductor structures during processing and may include

other layers such as silicon-on-insulator (SOI), etc. that have been fabricated
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form ng a variabl e-resistance material nmenory on the
bottom el ectrode; and formng a top el ectrode on the

W@ 20000887¢7 r esi stance material nmenory. 55. The pPODESH0%610870
claim1, wherein formng the diode in a recess of the

ha ' t surface
¢ natemef, BOR wEIP ARG Rt hOILEE dSed a1 B SUT o
f osgmicgndutt@p) dpitakial sédnicsiductdr iayebosigpparted by atbhse

pillar at the u r surface; and 10formi ng a second
F1 PIsBBINStof Yl TEMIAG a5 el 4k PHIST SFTRISEngaloh sTisCaes well
Pr A& ObnClNa Mnyhrein form ng the

vari abl e-resi stance material menory that is coupled to
5the di odéeiterol cahegctor is understood teiindledeientjcendugtors amd b term

the second fil m.t ilicid t act ; . 15f '
- Bt RS disteeibS e B Bl ng b B i Rrea gty
vagbmilcBvé BahShemaf ARl tFBdEdndubdrd. he bottom
el ectrode; and formqr;g, a tgq[i) el ectrode on the
t

var i abl dhegermsthenizenightasrused imdi licatpn iy defipgdoseasplane
of cl al i ' fi
RN RN i

10 i nedeustiengitioh @f thdgafer sEQMIHate D dE terin viehtical ereas t@ndirection
on the first sgacer,; et chi na bel ow the second spacer
t oPependigwar fodhe borizodal as de gecbqt]qvgf Prepositions, such as “on,

“side” (as in “sidewall’””), “higher,” “lower,

<6

over,” and “under” are defined
with respect to the conventional plane or surface being on the top surface of the
wafer or substrate, regardless of the orientation of the wafer or substrate.

15 The Abstract is provided to comply with 37 C.F.R. §1.72(b), requiring an
abstract that will allow the reader to quickly ascertain the nature of the technical
disclosure. It is submitted with the understanding that it will not be used to
interpret or limit the scope or meaning of the claims. In addition, in the
foregoing Detailed Description, various features may be grouped together to

20  streamline the disclosure. This method of disclosure is not to be interpreted as
reflecting an intention that the claimed embodiments require more features than
are expressly recited in each claim. Rather, as the following claims reflect, '
inventive subject matter may lie in less than all features of a single disclosed
embodiment. Thus the following claims are hereby incorporated into the

25  Detailed Description, with each claim standing on its own as a separate

embodiment.
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and 25filling the undercut with a buried oxide. 8.The
process of claim1, wherein the spacer is a nitride

wo peos3spacer, after formng the nitride firstPGPHES®NS/010870
and before form ng the second recess, the process
I Nl Qrmng a second spacer in the first

. & . ﬁ!!{
recesslézjma1 on 1?he nitride first spacer. WO
2009/ 038747PCT/ US2008/ 010870 9. A process

conpri si ng: formng a first recess by use of a
hald madkPrOCRSSAMASSYE: seni conduct i ve substrate that

i's di spgsesingaqust RcdsQ9usS 81 RAAGHEK Mea t E@hRonductive
form ng a tenporary spacer in the recess; ormng a

5 sesubriratecthetsis dispasednrbore ndower semiepndhetivepsubstrate;

sem conguctii ye sugsrt.rﬁ{?g.{r and St,hat forms a pillar in
the upp PrOdeRASBATI & U5EEPat e; formng a buried

oxi de i Hornhiag la@eEdndsretess et uClehst Penethnss iatcethangpem t he
pillar; renpving the tenporary spacer; 10form ng

a
ni Semigendygtiye sy , apgh thap forpis|a rilar indheprer semicoaductive
seg‘g&graf.éoacer on the nitride spacer; formng a shall ow
trench 13ol ati on adjacent the pillar; formng a
10di ode i foranihgadmsiedkalidide Wwardlineiakhé pdiar;exposes t he
pillar at an upper surface thereqf; and 1hformng a
vari abl 9‘F’é‘§8§t~°‘§ ‘@”Fﬁﬁ{‘é}‘isallat‘% F‘?F"ltﬂ%ﬁp‘ & coupl ed to

the di o¢§rming a diode in a recess of the hard mask that exposes the pillar at an
upper surface thereof; and
forming a variable-resistance material memory that is coupled to the
15 . diode.

2. The process of claim 1, wherein forming the buried salicide word line in
the pillar includes:
forming a metal over the pillar and in the second recess; and

20 heating the metal to form the buried silicide in the pillar.

3. The process of claim 1, wherein forming the diode in a recess of the hard
mask that exposes the pillar at the upper surface thereof includes:
etching the recess in the hard mask;
25 forming an epitaxial first film above and on the pillar at the upper
surface; and

forming an epitaxial second film above and on the epitaxial first film.

4. The process of claim 3, wherein forming the variable-resistance material
30  memory that is coupled to the diode includes:
siliciding a portion of the epitaxial second film to form a silicide contact;

forming a bottom electrode on the silicide contact;

29



10. The process of claim9, wherein formng the diode
in the recess of the hard mask that exposes the pillar
wa@eooviss7epper surface thereof includes: 20et chPEyUs1v8/010870
recess in the hard mask; form ng an epitaxial
first f'f&ﬂiggg%rigﬁg-rgﬁstﬁﬁ@ I‘H%tL:lliQrméHl %ﬂﬁﬂ'ﬁ@%ﬁ&om lectrode;
surface; an orm ng an second fil mabove and on {he
epabhdxi al first film 2511. The process of claim?9,
wher ei n _for.m ng the variab e-res%st ance materi.all
menory (PEHNE & TR EIGFIERAS Q R ¥R RIerEes g duaerial memory.
siliciding a portion of the epitaxial second |layer to
forma silicide contact; formng a bottom el ectrode on
5t hé. si | iThegdeoacsnofalaim Bovkgreinfgrming the diode in a recess of the hard

vari apl.e-resi stance,.material nmenpry.on the bottom

o1 BUSK b e ARG S BipeERAREY yitedsife iges

vari abl @tdhﬂg' the 26126 MBhehardimasgpory. WO :

2009/ 038747PCT/ US2008/ 010870 12. An appar at us

conpr i sifefgning an epitaxigfirstfpar aboygiand oa tle pillar aftbe vppare

di d ove a |l ower sem conductive substrate,

V\h%?%l?c%’ %’ﬁug upper sem conductive substrate includes a
10 5pi | | ar férddihg asedond filiregaboby and shdid epitakiabfiess filmol at i on

structure; an epitaxial first filmdisposed on an

upper surface of the pillar; - a second film

di ﬁpo.seq’h@kﬁi’%%s@&fjclfm} S,I"ﬁhe‘??htf@ﬁhiﬂ thd &a?rfabié-{ég}sfance material

wherei n an epitaxia Irst Tilmand an epitaxia

s eawnubrf ithanif anplea tditiddipdairshidesi de word line that is

di sposed. bel.ow t he, epitaxi al fLrs ilm .10..13. The
appar at G4ICKNg f gPTHopoft ‘Eﬁefﬂ‘é‘; h["ﬂ&:‘? fP&i“rPg?‘iL‘C‘de contact
15 forming a bottom electrode on the silicide contact;

forming a variable-resistance material memory on the bottom electrode;
and

forming a top electrode on the variable-resistance material memory.

20 7. The process of claim 1, wherein the spacer is a first spacer and forming
the second recess, the process further including:
forming a second spacer in the recess and on the first spacer;
etching below the second spacer to form an undercut below the pillér;
and

25 filling the undercut with a buried oxide.

8. The process of claim 1, wherein the spacer is a nitride first spacer, after
forming the nitride first spacer and before forming the second recess, the process
including:

30 forming a second spacer in the first recess and on the nitride first spacer.
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a silicide contact that contacts the epitaxial second
film a bottom el ectrode disposed on the silicide

W@ orwmsd737 a vari abl e-resi stance materi al menorBCT/US2008/010870
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di sposed on the bottom el ectrode; 15and a top

el gctro I-SRO he vari abl e-resi stance materi al
me?f)ry. %R%{Cg%w%%g%%g} atus of claim 12, further

i ncl udi fgrming paaet recdss py e ofibd bare rhdsk, buan wgbes a¢rmiconductive
word line, 20 .15. The apparatus.of claim112 further

i nSHRRimaRyhat Hhypese OH‘éaﬁ‘é‘y%rrseflﬂ%\‘tndPF‘i‘Y"_ss‘é’ﬁtrﬁfﬁder cut

in the I%hhi"i\g-a teﬂaﬁoraEh aRBPRMAE Hgef Claim 12, further

i ncl uding: 25a spacer” di sposed above the buried. '
sal i ci ddomuping al see@nd rapeks shab penasthtesxinethe domeer semagonductive

fills an undercut in the piJlar. 17, aratus
corfifatEfe gha B Hispisr il B st i shicB R R R ks o
above a fHaHRE asRALKRIRAH Bhd MR e SEIsichRd R tiveEtsBiate 4nld€n the
upper sem conductive substrate includes a pillar that

i s pillasl at ed by a shal l ow trench isol ation structure;

an epitaxial.fi i j sed on an upper surface

of the %F‘:“?g‘P? tﬁﬂenfpoﬁ&%b%%& axi al second film

di sposedoahinge riftidledlisttdpeces Pntthepidlar;f i rst film

wherein an epitaxial first filmand an epitaxial

second fIPTMINEATASIAl CORASPAGETAN B NEFE SPACRE that i s

spaced 3Bahing anflafbw RRAGHisBRYbn h@jabdf till GHiGr;

forming a diode in a recess of the hard mask that exposes the pillar at an

upper surface thereof; and
forming a variable-resistance material memory that is coupled to the

diode.

10.  The process of claim 9, wherein forming the diode in the recess of the
hard mask that exposes the pillar at the upper surface thereof includes:
etching the recess in the hard mask;
forming an epitaxial first film above and on the pillar at the upper
surface; and

forming an second film above and on the epitaxial first film.

11.  The process of claim 9, wherein forming the variable-resistance material
memory that is coupled to the diode includes:

siliciding a portion of the epitaxial second layer to form a silicide
contact;

forming a bottom electrode on the silicide contact;

forming the variable-resistance material memory on the bottom
electrode; and

forming a top electrode on the variable-resistance material memory.
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518. The apparatus of claim 17, further including: a
sui ci de contact that contacts the epitaxial second
WO 200a03814bot t om el ectrode di sposed on the sui cPCEUS2008/010870
contact; a variable-resistance material nenory
di sposed on the bottom el ectrode; and 10a top
el ectrode di sposed on the vari abl e-resi stance nateri al
menory. ArPappaeatepuangrisisg:of claim 17, further
including a buried oxide |layer that fjills an undercut
in the PBRIUPRFT serHoRAnCHYs fubatrate disppies abgve & loyersy
de\éér?lfcoﬁ B&Bbstrafe, SR t&%ﬁg@?s&ﬁ@&ﬁ RiVe SRR Rdes a

the first device conponent; and a vari abl e-resi st ance
5 matpdiar that meivolateddiyodshatlewi toamch caopdtion struciezsond devi ce

conmponent, wherein {.}Eg_\ vari abl e-resi st apce ter.hal_
momory AN SRLSEU! BT (Bpisd e dy URPEC LTS of By myllat
buri ed gaktsidRm\@ifodeliABovH SROSEMHe RBltAUAILIEt Binddheréih an

a netal spacer disposed spaced apart and next to the
di epiaxialfirst fiineantban epitagial s¢conehio, fopardiede: t he di ode

25 2o rmudi YR Raf O Bidionk0ed nABDARE ] il

loresi stance material nmenory is selected froman all oy,
a guasi -nmetal conpagsition, a netal oxide, and a
ch

Bcogdie@gparatys of claimdapfitrthsyinelndingy  conpri si ng:
a silicide contact that contacts the epitaxial second film;
a bottom electrode disposed on the silicide contact;
a variable-resistance material memory disposed on the bottom electrode;
15 and -

a top electrode disposed on the variable-resistance material memory.

14.  The apparatus of claim 12, further including a spacer disposed above the

buried salicide word line.

20
15.  The apparatus of claim 12, further including a buried oxide layer that fills
an undercut in the pillar.
16.  The apparatus of claim 12, further including:

25 a spacer disposed above the buried salicide word line; and

a buried oxide layer that fills an undercut in the pillar.

17. An apparatus comprising:
an upper semiconductive substrate disposed above a lower
30 semiconductive substrate, wherein the upper semiconductive substrate includes a
pillar that is isolated by a shallow trench isolation structure;

an epitaxial first film disposed on an upper surface of the pillar;
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a processor; a menory system wherein the
menory systemincludes a vari abl e-resi stance nateri al

WOoreewo03s7di ode devi ce coupl ed to second devi ce PCT/US2008/010870
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conmponent, wherein the variable-resistance materi al

menory ghmgﬁ dgﬁlvée&? fql%ln qugg'sgatabb s{"%{d %Pﬁng%&t@x&%ﬂs?ﬂlm

salicid s oseée el ow
e tadlereip as epltasdalsﬂmsfﬂdq apaegpitapial tecand fixbrrh @ diddz;

di ode. 24.The conputing system of c|laim 23, wherein
the di oddnstALYpdethatis pgaca a%hw@smﬁsa nggripdls diode.
the di ode. 1025. The conputing system of claim 23,
wherein the variable resistance naterial nenory is
sellgct edhtrapparatus aif laym 18, ﬁMst mebtdaig:conposition, a
met al O)a(lls 1c1deag]0dntz?ct h?lcgr?tgcts the ep1tax1al second film;
a bottom electrode disposed on the silicide contact;
a variable-resistance material memory disposed on the bottom electrode;
and

a top electrode disposed on the variable-resistance material memory.

19.  The apparatus of claim 17, further including a buried oxide layer that fills

an undercut in the pillar.

20. A device, comprising:

a first device component;

a second device component coupled to the first device component; and

a variable-resistance material memory diode device coupled to second
device component, wherein the variable-resistance material memory diode
device includes at least one of a buried salicide word line disposed below the

diode, or a metal spacer disposed spaced apart and next to the diode.

21. The device of claim 20, wherein the diode includes a silicide contact that

contacts the diode.

22.  The device of claim 20, wherein the variable resistance material memory
is selected from an alloy, a quasi-metal composition, a metal oxide, and a
chalcogenide.

23. A computing system, comprising:

a processor,
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a memory system, wherein the memory system includes a variable-
resistance material memory diode device coupled to second device component,
wherein the variable-resistance material memory diode device includes at least
one of a buried salicide word line disposed below the diode, or a metal spacer

disposed spaced apart and next to the diode.

24, The computing system of claim 23, wherein the diode includes a silicide

‘contact that contacts the diode.

25. The computing system of claim 23, wherein the variable resistance
material memory is selected from an alloy, a quasi-metal composition, a metal

oxide, and a chalcogenide.
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