; €3e$T$| F6TTitV. i . , WO 03/ 065456 PCT/US03/01498 L\;Et hods Of Forning
Non- Vol at.l | e, Resi stance Vari abl e Devi ces And Met hods .F 1.0 Ll ver

* Sel eni de%?ﬁ%’?ﬁng Structures TECHNI CAL FIELD This i nverﬁq%‘ﬁgo?@f‘é{; es to
met hods of form ng non-vol atile resistance variable devices) and to nethods

of for naghods! O FoRhRTY Worf-VBRItieS IREsiStahbé t Wirkible BBSEEOUNRY (Melitdd

s
I NVENTI ON Sem con@CFrmir rSiker | S8lenfid ICbifpriséiAg SEtrukkiré® nake indivi dual
el ectroni c conponents snaller and small er, resul?ing in ever denser

integrated circuitry One type of integrated circuitry conprises nmenory
circuitry where information is stored in the formof binary data. The
circuitry can be fabricated such that the data is volatile or non-vol atile.

Vol at HJE%{"ﬁg {\N ﬁﬂ)ry devices result in | oss of data when power is
i nterrupte ﬁ%%—'vo atile nmenory circuitry retains the stored data even

when power..js interrupted. This |nventiQn was princjipally .nobtivated.n
ki e ThlrRREoD Fefates dB.altiadion Jominn Rotolafk, ris SRinch: YaipnIe
disclosed in U S, Patent Nos. 5,761, 115; 5,896,312; 5,914,6893; and

5 05498068 3R, 12 KMCBIOAR Of RTEI SNSHSRIaTde cAPRsIng  SRYGHIESS. pat cnt
Application Serial No. 08/ 652,708, filed on May 30, 1996, disclosing what

is referred to as a programmable netallization cell. Such a cell includes
opposi ng el ectrodes having an insulating dielectric material received
t herebet ween. Received within the dielectric material is a l WO

03/ 065456 PCT/ US03/ 01498 vari abl e resistance material. The resistance of
such BXCKGROUNID OF drHEgNVENTIANN | ow resi stance and hi gh resi stance
states. In its normal high resistance state, to performa wite operation,
a vol tage Semnicuriduictdrs falidation tontinwesc &6 t strive otoe nodkd lirdieideal releetsonivd t h
the other of the electrode being held at zero voltage or ground. The

el ect cofpoRaMisNGradiferV @inda &nafp) irééul'tih?r & Oevern&iengBh infegrated iRt | €
the . electrode held at zero or ground functions as a cathode. The nature

of theydef e HPCimtegratetP| i Uﬁiye'bbﬁipris&sS%&&%ir&ditryﬂ{dﬁéﬁoﬂﬁpﬁnsﬁmgg at a

. C
certain applied voltage. Wth 'such voltage applied, a | ow resistance state

s | nQhiGg il AR ity SHEt,  "he SLRGIi) CBhn O HBHbARAC oA

bet we etop a tome odes. “Once i S occurs, | ow resi stance
st at el aj n / e p ' are e h&alk i
effecﬁ%eﬁaﬁlgrg{ﬁﬁlwﬁ Phgﬁ?igbgﬁgﬁce%ﬁ%ﬁ%%@@és or 'r s;ase%’?é%ervarl abl e

mat er i al between the el ectrodes, dropping a tor of 1,000. Such .
ot o 1550 L AT AR o X (RTUpey T AW TploRf Hapon, LRI elbinge
vol t age p?tent igal bet ween t he anode aﬁg cat hpde. Again, the highly
resis Qred: data eyRl) WhEmRPWRICE IMEMUBlRY-se vol t age potential s are
renmoved. Accordi ngly, such a_device- can) for exanple) function as .a
pr ogr anmabfBiSndRYERoRe Was PHRGRAIY motivated yin Tmakipg cjraproygments sto,tbe
vari able material received between the el ectrodes

design and operation of memory circuitry disclosed in U.S. Patent

Nos. 5,761,115; 5,896,312; 5,914,893; and 6,084,796 to Kozicki et al., which
uitimately resulted from U.S. Patent Application Serial No. 08/652,708, filed on
May 30, 1996, disclosing what is referred to as a programmable metallization
cell. Such a cell includes opposing electrodes having an insulating dielectric

material received therebetween. Received within the dielectric material is a




typically and preferably conprises a chal cogenide nmaterial having netal,
ions diffused therein. One specific exanple includes one or nore layers of
ger mani uW@e¥es#de havi ng silver ions diffused therein anBCHHE3@49%0r e

| ayers 2 WD 03/065456 PCT/ US03/ 01498 of silver sel enide having excess
silver ions diffused therein. IS VEF s Tkl tcanf BeMcRhhy&d rich
si | veyar ‘%rfiealg[a“cW?@"Fhe Fh%eﬁ%%'g%q‘%sst)ﬁ%& pa%l yl not i vated | nd

addressi ng the above.issues) it .S i [ mted. wIh 1S il
appr RetWEENa AW EaSISIRRCE o?*‘f‘h@'?ﬁvé%tsﬁgan ™ (é) t(LééF' asg'gct'% ?n?e éa{t Z-EQWO t he
above issues, with the invention,only being |im o Mol

cl ai nmesistange &tate topegesmyar WElle ‘P'}/‘?‘ﬁaﬁpﬂg éﬁ‘oet%ggch{eyﬂ? hggs%g@l i ggt i on,
and as appropriately interpreted in accordance, with the doctr.ne

equi val esrtain @ne of\th®3eleskades,pwithusns, ot 3980%%Wtfﬂ€eil?ﬁ/bat ng‘i’ at

i ncl udes met hods of form ng non-volatile resistance variable ,dﬁvi F.esg and
met hogsroofvditagsi my growred. seTkei electtods: i kavieg sthaicyeltags 3rplisHe thereto

i npl ementation) a nethod of form ng a non-volatile resistance variabl e

devi cRiriciehsides dromamote, aviilet tiss nefdcireds heddpat Zeny of| grundy fURGHONSy a§ver a
substrate. A |ayer conprising elenental seleniumis formed over the

subst Latayrd. | Ncinedi gtutdieopahkerraeidtaraes variable simaterigleiensuch sthakeit. The
substrate Is exposed to conditions effective to react only sone of the

el emeppalragkey! Hg%mgé hatt Be cHaIE Hpliedi VoRagé.0 Wit $uch (valtagenapplieds t o

conprise ver selenide. Unreacted elenental seleniumis renmoved fromthe

subst Lat e, \ﬁﬁsi}i]étﬁﬁcgo'% gtiye iﬁJt:lﬁEéd OGiftol SthB' Oiviatisithli rsuehe Cthat c @lectrical

conne@tilSW one portiron of e patterned nmass conprising silver

sel eni de.. A germani um sel eni ) AP BB irSdes.Provided in

el ect PPE‘A‘FCt!Oq\cﬁﬁe???lbrn%e&%%?atﬁ%t”ﬁsebr Sé;‘)ﬁc;dr;t i on oféltb ﬁggp%?ter ned mass :
conprising _silver, selenid sec Ve, el 8c de v'(q%ein
el ectri cal Q‘fﬁﬁngﬂﬁi BECYIPt ﬁh?ﬁ@vger%%&’ﬁﬁ%;%%{eenﬁ%elleg%hré)gi g’.hh"g ﬁrma?e*i al”. In
one inplenentation, a method of form a silver.s e LeSigR0

st r uctpotentiale | @@ JeMOVRANg gu%‘iﬁbﬁ?? a?@g%‘b"ﬁ&i%eféﬁbt gﬁlﬂ %S? e%igﬁgirc Lepc<)>rliﬂtt|hc()en and
a second outer portion. . The first outer portion conpris t

nmass ooags iof iregistanoes MaEable F‘é‘é‘?r.'a|Th%t"‘ée€t§bﬂ'be &'ﬁ@FC’%& Pf?ﬁ?ﬁ%@e@a tﬁofé&&d
conprise elenental silver. A layer conprising elenental seleniumis fornmed
over tdfe1f000st dSurhsematerialucan ks t feiHedry s'Eﬁ)s'i"ﬂé@e rie§'sg'>‘(§oss«§%ét otW
,oxidizing conditions effective to both) a) react el enental selenj un}

recei vederirgy thbe vbitage potentiah betweesl dhenenpde and calhodg m AG8INha H&r ned

mass to conprise silver selenide, 4 W O 03/ 065456 )
highly resistive state is maintained once the reverse voltage potentials are

removed. Accordingly, such a device can, for example, function as -a
programmable memory cell of memory circuitry.

The preferred resistance variable material received between the electrodes
typically and preferably comprises a chalcogenide material having metal ions

diffused therein. One specific example includes one or more layers of

germanium selenide having silver jons diffused therein and one or more layers




PCT/ US03/ 01498 and b) renove el enental sel enium of the I|ayer over the

second outer portion fromthe substrate. 5 WO 03/ 065456 PCT/ US03/ 01498
* 3 BRI EF BEBORIPISON OF THE DRAW NGS Pref erred enbodi nent SCITUS0HB14Pvent i on
are described belowwith reference to the foll ow ng acconmpanyi ng draw ngs.

Fig. 1 is a diagrammtic perspective view gf.a_sem duct.orn
f r agrafntsilvec tselgnide pavings xeess RIYPHIRBE ajﬁi“ﬁeanwhei%@a ?)tf '%’\A@B%\ygﬁti on.

Fig. 2 is aviewof the Fig. 1 waferfragment at a processing stepsubsequent
to t hdifficnttwto Hormi gilver. Fich. silyer sseloNid&: of the Fig. 2 waferfragment at a
processi ng stepsubsequent to thatshown by Fig. 2.Fi

she g . %.4isav'ewfthe
Fig. 3 waf\hileatieninvention pwase peingipally cprativated dit addressingn a&?vgi g.
3.Fig. 5is analternate view of the Fig. 3 wafer fragment at an .
al t erjgahe®r dcesshngosway: seulimitedentThe astisamiwill 3pRFGEFIAG Fapplicabiity ofg j s
aview of the Fig. 4 waferfragment at a processing stepsubsequent to
t hat sfRMinBAtiBhYin btiiéi0 aspedts anietatedf tol tiee Fibpvetisaesr Withg feninvantion
processi ng stepsubsequent to thatshown by Fig. 6. ,Fig. 8 is anaklhilﬁy nat e
view ghnt B8inGi BmAedBE thé 'AEBRIPanging? Blaihs eag diterplip weorded gwithayt Bwisgquent
to thg 'ysﬁgl\?/ﬁ g’;‘)Fi g. }g Fig. 9i sngdig:gr amati c perspective view of an
altern L ' UghQrad\abBropriad@yEiRtérprstéd dn accopdarcss witn
accorﬁeghgeer%b?ﬂkﬁ%s%%em&%ﬂg ' 1(:é e ?nvfggt i‘{)n. Vgl WO 03/ 065456
PCT/ US03/ 01498 Fi.g i view of the Fig. 9 wafer fragment at a
proce ng°°§'t"éep °§u82é§ﬁ‘!§ t@'to that shown by Fig. 9. Fig. 11 is a view of
the Fig. 10 wafer fragnent at a processing step subsequent to that shown by
Fig. 10. ~



Fig. 12 is a diagrammati c perspective view of another alternate enbodi nment )
sem conduct or wafer fragnentlsection in process in accordance with an

aspect of whe3has¥®nt i on. Fig. 13is aview of the Fig. 12 waf ePCT/PS¢pHEM8 at a - °
processi ng stepsubsequenttothatshown by Fig. 12.Fig.14is aview of the Fig.

13 waferyié&grrent at a processing stepsubsequenttothatshown by Fig.

13. Fi"?’é-."\i| view of the Fig. 14 wafer fragnent at a processing

t b tt ot hat sh by Fig. ,14 - / B

LB LR R bl P

' ti ' bmtted in furth f L. i ' f th
"l S 08, BB SRR, ke P
Article 1) Secti 8) . Exenpl mbodi t t hod ' ;
e o S A S S e

reference to Figs. 1 - 8 Fib. 1 depicts a substrate,fragrrent 10, conpri si ng

a basgcludest foring 2 attenéd snasereanaplisiag eelemantal sierePVel 3 PUPSH AR

t hereover. Base substrate 12 m ght conprise any suitable suﬁ;;&ort%g

substg atigyerf OgorApASIPLE elementalorstleniom sishsformed \Wegh thacswpevats,| gnd

nonocrystalline silicon. In the context of this docunent, the term

" semi condiitd Ofhes UpattdrAbe " niiss'’ Scomptsidgc elemestabssilvare”  Thedsubalate dSmean

any construction conprising sem conductive material, including, but not

i mit Oﬁte%’ tBULEn§RiBhE Cafe@iveY Qo "Rt Bhly Sorie aof the ealeotentalc sEignivES er

(eith alone or 1n assenblies ~ conprising other materials thereon)) and

sem copdugt iy i (fid baftea tnads it cunprisd isisec seenidé.ng

ot herW t@ﬁ gfegﬁ.gﬁ%esq‘%’%}r?ﬁﬁéﬁgsﬁa?e" refers to any supporting structure,

including, byt not Limied (0. st Rnordd G UL ¥abstidtel r A disstdeondudthe
S R

aboveln hi's docunent, the term"layer" enconpasses
both the singular and the plur.al : ] | petkicft 8fl-thEXpaREATad
pr ef eelesirode is iR{PVidsd F%)@?&Tﬁa\ ;é%hﬁéﬁtéé)rﬁewgw t?ﬁeng'st e‘%ﬁ g\ﬂ ti nsﬁl ative
.material 16 is formed over first conducti.ve el ect Ehé A jalSKeh
hashpmssﬁwt i w&mt e b%l'vﬁhfef,%n'g‘abl &?’P@N?'ﬁg?ﬁ%&%ﬁd‘?@ﬁﬁ?i t aégrr%phy,
>t g?ofidgdoinl elg%{rﬂ:gl y%onn%ctigﬁm vﬁtq'n Oé)r?o%gp portionero? B{é) U;S’éhérﬂeﬁ mdss

comprising silver selenide. A second conductive electrode is provided in

electrical connection with the germanium selenide comprising material.

In one implementation, a method of forming a silver selenide comprising
structure includes forming a substrate comprising a first outer portion and a
second outer portion. . The first outer portion comprises a patterned mass
comprising elemental silver. The second outer portion does not comprise
elemental silver. A layer compriéing elemental selenium is formed over the first
and second outer portions. The substrate is exposed to oxidizing conditions

effective to both, a) react elemental selenium received over the first portion with

clemental silver to form the pattemed mass to comprise silver selenide, .




WD 03/ 065=t 56 PCT/ US03/ 01498 first conductive el ectrode material 14.
Qpening 18 conprises sone desired shape of at least 'a portion of a final

‘ resi stan®™ &3d68456e structure of the device being fabricat€d/USs/014P8 | be
apparent fromthe continuing discussion. Referring to Fig. 2, opening 18
has heen filled wi I i r gver Stheg seedred | adte? Oportion

el ec?Pﬁch r@%’?f&c?ﬁ%ﬂ%fh@?ﬁ%ﬁ c%?ln(k:lwuftliaygoel ectrode materi al ?21 An

exenpl ary, prefer g material for material 20 includes at |east 50 nol ar

per gg'ﬁ‘f“ épgr@mgfaet flver, even nore preferably at |east 95 nolar percent

el emental silver, and even nore preferably greater than 99 nol ar percent

el enmental silver. In the illustrated preferred exanple, insulative nateri al
16 has a substantially planar outernost surface proxinate opening 18, and
patterned mass/ el enental silver conprising material 20 within opening 18
has an outernost surface which is co-planar with the insulative materi al
outer surface. Further, - patterned mass 20 can be consi dered as having
some nmaxi mum ftrst thickness, with an exanple thickness range being from
about 50 Angstrons to about 2000 Angstrons. One exanpl e nethod of producing
the construction illustrated by Fig. 2 would beto deposita | ayer of silver
conprising material blanketlyover thesubstrate, and thenpl anarizing such

| ayer back at |east to the topof outerinsulativelayer 16. By way of exanple
only, such deposition m ghtoccur bychem cal or physical neans. Further, the
polishing or planarizing could occurby resistetch back)chem cal polishing,
mechani cal polishing , or any conbinationthereof, or by anyother existing
or yet-to-be-devel oped nethod. Further, alternately and by way of exanple
only, the illustrated Fig. 2 construction mght 9 W) 03/065456

PCT/ US03/ 01498 be. fabricated by an el ectrol ess or other deposition of
silver conprising . material 20 within -.the illustrated opening such that
material 20 effectively only deposits therein and grows upwardly, with the
grow h preferably being stopped where material 20 approxi mately reaches

t he upper surface of insulative material 16. Regardless) Fig. 2 depicts but
one exanple of formng a patterned nmass conprising elenental silver over a
substrate. Referring to Fig. 3, a layer 22 conprising elenental seleniumis
formed over substrate 10 and including patterned mass 20 conpri sing

el emental silver. Preferably, |ayer 22 conprises el enental sel enium of at

| east 90 nol ar percent) nore preferably at |east 95 nolar percent el enental
sel enium and even nore preferably greater than 99 nol ar percent el enental
selenium Referring to Fig. 4, substrate 10 has been exposed to conditions
effective to react elenental selenium 22. received over the el enental
silver of mass 20



to format feast a portion of the filled opening/patterned mass to conprisé
silver selenide 25. In the depicted and preferred enbodi ment, such exposing
to the c¥RIDY65#$ are effective to react only sone of el eREHVN/WEE8eni uni * °
conprising layer 22, with those portions fornmed over . insulative materi al

16 bgﬁ%ﬁfﬁﬁé‘ﬁ#ﬂb“nw .DRAWINGS1 9. 4 depicted and preferred

enbo exposing is 1llustrated as formng the patterned nass to
entirely rise si i gfibi| ardSdediamrddbelow withe refieparadeng
pr ef er abl r]ggq,rﬁ% t t}gcgéret%?%??otﬁ%t {@Epatter ned mass which is transforned to

conprise at_|east 50 nol ar r Skl ver selenide, and nore preferably at
| easttogtherdelewing, @&ﬁ?mgﬁw@ﬁ ?gﬁ%'ﬁ‘?’éé. ,. 10 WD 03/ 065456 '

PCT/ US03/ 01498 Further- preferabl th of:t . j | F Qghfes -
i deal |y subigt aht il Ry Q'ﬁﬁﬁﬂ'}éﬂ%% Kéﬁs .egévege\glgé;t)gofana \é\? @Ebr?gtagagrrbodi ment

10a. Like nunerals fromthe first enbodi t_are- i )4 :

appr dragmeat/settian dnfPOCcERS e BECAEANRRI g’g e b@sqarlé ét?ﬁ?xlwgﬁtﬁ"h g. 5
depicts form ng an outernost Eorti_on 25a of the patterned mi%ﬁ 'hB &P rise
silver selFigid2, isvhal viesn ofnitbenbig. Jorwafgh aament &k aPsPREUTnas

remai ns as the deposited silver conprising material initially formed. By
way ofutsseyudnt tonlthat shewnebwi Rigaglt hi ckness of innernost portion 20a is
preferably fromO to 10 percent of the total thickness of the i]lustrated
patterned ppss3 Rach ofewri gf.thé &igl 2 depfect frapmentnat eabBEACEEANGWRIER | n
the exposing fornms nore than one-half of the filled opening to conprise

silve | I | yw Pig.way of exanple only) one-half or |ess than
Gypeuiltop, Barsnain by Pl

one- ha e l ed. Further: in the preferred enbodi nent as shown,

t he exposi pg fgr hgidR@t bErthed Fgss3 twaftrv ragnienti atinas pranessing clepss
which is g?&it g’r I'f%héneqtmﬁ'?a1 ?raxi rrurlr:{r?i rst thickness. One exanple preferred

process, for the, sybj i i Rcl udes annealing the substrate at a

t enpefdPIPAUEI 19 3%{3;%8%%?0% gbout 100C at a pressure of from about 30
mrorr to 760 Tarr for from.ab e t0 Fihir genafer $raghdhtest ammadteaiatees
typically %é%u t'9 r?"aaﬁﬁea?%? g#&lve;q?i trllltge rFflat 'e.g USndi 1 ons and time can be

controlled to achi eve a desired,a f s to be transforned to -
si | vePraeessingiSteBnghrqign em%{})gﬂéﬁﬁt R’Z;Fﬁggslssmy of exanple only,

annealing in a suitabl e oxidizing_atnpspher.e . 0 0S5 hadddirk Y, is
nmore ful |y Rigsd i Bed b@?‘ﬂw.o?lihe g% gg/ 8’@3%5&%&%@8(@/ %13’3@%5#@%?%8 to
Fig. 6, unreacted el enental selenium 22 has been renpved fromthe

subst rsabsequdhie tpr thaérshawn b \fil8g 4-as shown) renmoves alt renai ning
unreacted .elenental seleniumfromthe substrate. e exan‘grl g,osfigéee ing ,
conpri ses dfigmitais e cviewg ofathe pFig ePamiajer fragmephat whiRMRCPNR) 3&P ve
to renove el enental seleniumconprising material 16 selectively relative to
si | vers ifiegiefl® toothati shown niy &figal6.25. An exanpl e wet etch for doing so
woul d include utilizing hydrogen peroxide, for exanple at fromroom

t enper at ur effy0 $GE andakerhatentview estine. Fign wafsr dragmept & el lsrngte

i ncl ude plasma etching using CF4. Further by way of exanple only, an

al ter eceggﬂgegﬁ.;ﬁ QubsEgINAtN g0 Uhabashowh dyefigit & sel eni um conpri ses
i ncreasing t tenperature of the substrate to closer to the nelting

t enper at ur eF@:‘. §elend umaﬁmn{arﬁemp%%cme%% afncinatalizrmate plembasimest sur e

for from 10 nutes to ofe hour, effective to cause evaporation of .the
unreact ed. sel oot UM [ k@Mt dimettAdctiBhein process in accordance with an aspect

of the invention.




Referring to Fig. 7, a germanium sel enide material layer 26 (i.e.,
preferably 40 nol ar percent gernmani um and 60 nol ar percent selenium is
‘formed oWQ0HMMS6N el ectrical connection with silver sel ROTHS0YOHES i si ng
material 25. A second conductive electrode material 28 is forned thereover,

and t her ey, i oy @l ROLy il EPTWECIFIGN o wafeh kisimera! anl & cpRebiingustop

mat eri al Second con trode material 28 night be the sanme as
first_conduct] oC te@r i 14) or be different. An exenplary

pr ef &@é&ﬂ“ﬁﬁ{ é&. ﬁia%f%'ﬁ&g'ﬁe@r@éé 8 in the depicted and descri bed

enbodi nent_.is gl emental silver. agdl [ prefer di t
such provifd8s ﬁxéﬁ‘p?a?’!?“br?fcg‘g%i E@qoﬁﬂp%?rdifﬁhg&rgg?ti Pgtgcgﬁogggtg?ge stey!

.electrode in electrical connectiopn with one portion of 12 WO 03/ 065456
PCT/ thsequaot taathal; faewneRY é'g' cbirprising silver selenide, providing-. a
germani um -sel eni der conprising material in electrical conpecti wi_{ h
anot her pdFigi ol 2of ig h@ pdiagsamiatifas PEESPRFIVE; nYeW; | Ok ADOINES; d%l?ergﬁ\ge
provi ding a second conductive el ectrode in electrical connection with the
ger neainbodiedren semicanductari waferafragment/sestion iy BIOGESE riNHRECAIARCH aW'@‘
preferred enbodi nent processes conducted the exposing and the renoving in
di f f eaenaspyct sepahat imventimressi ng steps. The invention al so contenpl ates
conducting the exposing and the renoving in the sanme or single common
processi ngrigt ep3 1 @ Viewlepf the #ig.alterwafee feagrodntreatt alprocsissiig &P ct s
an alternate processing of the Fig. 3 wafer which produces a slightly

modi f'ﬁ%é‘cﬁ%ﬁirwttﬁé’tnsh&ﬂhhﬁ Fryi t2ed by Fig. 4. In Fig. 8 the exposing
and the rehoving- have occurred in a conmon processing step conprising at

| east 100Gzgnd, Qnisatmée;?ebp trysi q:t%_r P Upsfer Nfragiekat #tl amprocEssing estepm by

oxi dation-. “fhereof: Preterab e oxidizing atnosphere utilizes a weak
oxi di 0 i | Ldizer,, rqgxanple at less than or equal to five
perceﬁﬁg%ﬁf{'{%\tgﬁsq%% glﬁg‘gb) 88\& ﬂ?ol ég's than or equal to one percent being
nore preferred, An exanple preferg:.ed i JLel € pFOEBYSIfF Sst

| east one EP'NQB, "N, V0¥, ngﬁ‘gnf'% ﬁ(égé‘f\%;ﬂ% gﬁgﬁ%leg c??il Y, sfﬁf e?ﬁr’ed
condi tions i ncl ud(aI wégl eva&)ed terrltjgr ature of from40C to 250C, a pressure
at fr SHPSRAYRRS 10 B3y 6HOWDr PYaRP-f #8m 30 minutes to two hours. The

oxi di zing conditions and atnosphere are preferably selected to be
sufficiently dilute or weak, as identified above) to prevent the conplete
oxi dation of seleniumconprising material 22 over patterned mass 20 prior
to driving (either physically or by reacting) elenmental 'seleniuminto
patterned mass 20 such 13 WO 03/ 065456 PCT/ US03/01498 that. an effective
silver selenide mass 25c is: formed: However) such oxidizing will typically
result in sonme renoval of elenental selenium by oxidation at the out.ernbpst
portion of elenental seleniumconprising |ayer 22 over the patterned . nass
during the- oxidizing. Mst preferably in this and any enbodi nent) the
exposing - drives at least a mgjority of that portion of the el enental

sel enium recei ved over the patterned mass into the patterned nass.



The invention further contenplates a nethod of form ng any silver sel enide
conprising structure regardl ess of whether such is utilized in the )

f abri cat ive@ 08/66585non- vol ati |l e resi stance vari abl e devi ce. PR3 HHod cl
contenplates formng a substrate conprising a first outer portion and a

mmes AR BRI R, I T R NN conpr 1 & ng.
el enent al N %gﬁ:ﬂ?gé%‘x\'%yoﬁg Oﬁéagﬂlgnggﬂ yié’:mguwtg%dr me)ﬁ-pefdrtherlsﬁcgl @F: theand

3,: an : p rned mas rising elemental silver

conprises an, ex | ary first, out PALLI QN it Rt r t JOMN¢Of
i nsul a@QRﬁé'tlit@”?igf’m n ?awee*g#pl g?&f@eiﬁw& offt 3’? oﬁ%{t?i t:)ﬂr%.s p)&Bgééfesr of
conprising el enental seleniumis forgcg, ovs& the first and second outer
por t i oseiengs eand pirefigh artss (Adidlecd. (RLDYNIPY ng conditions, by way of
exanpl e only such as those described above, effective to bot, ag?r_eact

el enent al sExemplary r &mebadiment cmethedsi raft feEMNINGnavi RIN-¥platie Igsistange, (o
formthe patterned mass to conprise silver selenide, and b) renove_

el enenvaviabie! device afe airlitiallyr deseribehewithcrefarensectopbigs. oh fr8m t Kig. 1
substrate. Preferably, the exposing renpoves all unreacted el enental

sel eni ggpictPra t Sisbsirdst fragmenFut 0 heompeisihg ra doaser datbstrate t12t aed a first
above-descri bed preferred enbodi nent) such exposing 14 WO 03106546

PCT/ USQGAGIARR \dlddtrdcRNtnbferial e1dViorfeae thérdover. elBasentsabstrateen 2inmightf
the layer over . the. first portion fromthe substrate, but still

- prefer %ﬁ%rﬂé' Vel sURASIE dsupporfing Y subsfra®l, Fer t iexample t lae  sémioomidaictor

sel eni u ecei ved over the first portion into the patterned mass, and nore

pr ef ergﬁi&g/%%%t WiiSh RRIE bule HERborSHIRMST siliéin QNP @8 NeoriteRf sfalthis

forns erned nmass to hav maxXi num second t hi ckness which is

bk T e RS oyt o
e Qo B oy BRI S s it g,

an alternate enbodi nent' 10d., Li ke nunerals . fromthe first. i he

enbodi Rhtnodrlimiteqd | tpy bylkysepc MBI @?ge,"ﬂkf Y PP eﬁ?&é!gg'ﬁ‘i%% ﬂ' ¥at ed
by the suffix "d" or with different - nuperals., : Fig.. .9 depicts .an

al t er n4either caloneal ok i e@ssemBlies| RPMRIISNG a10tHeYy F‘%&%ﬁ'@'@d %e{?ﬁ'}?- o ng
18. Such conprises a | ower exenplary germani um sel enide portion 21 (i.e.,

pr ef er sbmjicartiystivec matgtiahdayaie (githesoaloaec ORt Ins AssaMmblips SEMPHFING, Bthes g
preferred 99 percent-plus pure elenental silver region 23. By way of
exanp! enatekigls)sucThe ol Beubistrate?l refersuite aany sunresting osfrugtbirgy Nedings i on
relative to insulative |ayer 16. A seleniumconprising layer 22d is forned
t her eowgt et Giitedg té,0the gendifondudiiver atbstiftes hdesdribed abbyect Adse gnt the
preferred exposi ng and renovi ng processing (either together or in different

st eps) @htdat b¥ &hisd dorument s ithe eterme Mlapirte enaompaSses rsbthothee raingulat anshst
sone, and preferably all, unreacted el enental seleniumfromthe substrate.

15 V\@ggf’é@ﬁeﬁ@@{?@g{)ﬁﬁ?\ﬁfs@lﬂ%d@&er Exaehplary0 pFeférred I matertdinfor Byermatd un

sel eni yer and a second el ectrode 2%d are forned thereover. The

above- dg:glrgh%qgapr{r@ﬁ%gﬁnts descri be and depict exenplary nethods of

form nd rne Ss’ conprising el enmental silver Such enbodi nents

ST o oA AR AR 18, 41 = o oo

substrat e, li'ng e opening w an el enent al

silver conprising terial . Howev he_ i nvent| o] k hod
of for MALETRI p?ﬁ-teﬁ@g hﬁ§sbwﬁarﬂ%d thye t%"‘ﬁél?|§v§%&g@§%eo e 'érﬁ’:)l e
only, one such alternate process is, described with reference to,Fi -
15_y lithography, such as p%otolithography) to form an opening 98°%h %h 6

erethro




Fig. 12 depicts another alternate enbodi ment 10e, with like nunmerals from
the first enmbodi ment being utilized and differences being indicated with

‘the suf fMOU3065456 With different nunerals. Fig. 12 depi ctPCTVUSO3/0HP®SI t | Ng
of a silver conmprising material . 20e.. Material 20e : has been patterned,

for exanple hot ni n md,4 % hen ChhV [ f - f he
patte?ifﬁqg&on@ﬁ@ © p%ge{ééﬁ n'B,a%§%éh1%'s I Q&B‘ﬂﬁt@%rﬁﬁﬁﬁ%@aﬁ’“gt Hgélr%r‘gt hod
of patterning, .is_contenplated, e . existi 40,2 he-dev d. '
Ret or ShABE o Bt J2=853 BN, pEin AL dERistaRE. siptie, iy, BF 398 Be B o
over patterned mass 20e. Referring to Fi 14 he substrate has been
exposg’Gi"tﬁ) f@%‘i\'iﬁtﬁaorﬁs il be iQRPaF%mr g’é’é‘f g%‘ﬁl 92>§ﬁml"8f BRI al sel enium
22e with the elemental silver to forma patterped mgss 25e to conpr|se

si lver sel Befersingaty 9. teonpoing d8sbaspbeen fled withy an glemental silyer

oxi dation process which renoves 22e from1l6 WO 03/065456 PCT/ US03/ 01498
t he prooowsising dmaterialt B8 dxpelectriigal connastiopmith dirst esmdustive eglegttader e
only preferred exanples. Referring to Fig. 15) a preferred gernmani um

sel enimistetial 4. 26eAanéxamplarye preférest omateriac tfoodmatdiaiai29 fioehdes at
t hereover. The above constructions can be effectively preferably fabricated

to f ongadir sgr molEbberdent aéleineatal osilvee| bsenvimoregeferablydabidast 95 traglaat ed
circuitry. In conpliance with the statute, the invention has been descri bed

in | angyedit nemenfall @AvesPaRYT ieveRS rhorest pretérabhl gredteretthadi @31 rhekdrur es.
It is'to be understood, however, that the invention is not limted to the

speci fdercd @Al HefRrthO ARG 9RCTMBCIuSAeE {proISRSDS danile, dnsalamwed

conpri'se preferred rms of putting the invention into ef‘fe_ct_. The
e Rgl o RO A iy el i RS g,
i;.&-?ﬁcor " ?p%itgg%é hmtars],gle?eorﬁérrmtiapesiﬁlfer ec%i'mﬁﬂgiﬁat ?nat%ﬁal ij\n%{ilqtsééeﬁﬁng 18
has an outermost surface which is co-planar with the insulative material outer
surface.  Further, patterned mass: 20 can be considered as having some
maximum first thickness, with an example thickness range being from about
50 Angstroms to about 2000 Angstroms.

One example method of producing the construction illustrated by Fig. 2
would be to deposit a layer of silver comprising material blanketly over the
substrate, and then planarizing such layer back at least to the top of outer
insulative layer 16. By way of example only, such deposition might occur by
chemical or physical means. Further, the polishing or planarizing could occur
by resist etch back, chemical polishing, mechanical polishing or any combination

thereof, or by any other existing or yet-to-be-developed method.  Further,

alternately and by way of example only, the illustrated Fig. 2 construction might



CLAIM5: 1. A nethod of formng a non-volatile resistance variabl e device)
conpri si g‘g: form ng a patterned mass conprising el enmental silver over a
substrat O 968436g a | ayer conprising el emental sel eni umREBBSBHA498ubst r at e
and including the patterned mass conprising elenental silver; exposing the

subst et efabpicatutfi b},onén elei@stdi¥gs t orr ARér OBEPOSIABR f tdiINer! LoRiPrting .
sel eniumw th the efemental silver to formthe patterned mass to conprise

il sani i t I I f ; te;
S| Vefmétehgnl w.ﬂﬁﬁvwéﬂguwm ec§g%r§h5rfsaém thﬁ?_rﬁQ?éHQl wr@ﬁaﬁw%}vowgﬁee

provi di ng I rst conductive e e in electrical connection w'th
porti : t e S | S§ ' | enkded, p el
Ger maieRan fichéh’ ShaTgros hyeio, S, e, (RpwEf iraiorabi bR s,
anot her, porti g ft tern ma onprj,sin L]V eni.de;
ot ovi ies oafstdl A oBBIMalen: FEadR LicHpPbt.) Sl cBf odneiffis e
ger mani um sel eni conpri si terjal. ' 2. The thod_of .claiml wherein
She AR EHAEdam eGSR a0 MBI iyt i S aEIRIe AT eV dhipabert
prior to the expgsi g% 3. The_method of claim 1 wherein the patterned nass
conpr iMARSS HKOMRIEING olemantal shyere over|a fltbsiate | ver prior to the exposing.
18 WO 03/ 065456 PCT/US03/01498 . 4. The method of claim 1l wherein: .the
-l ayer conRefeiring toeFigredt & laysre 22ueoomiising clementalaselepdimuisaformred ent
el enental seleniumprior to the exposing.
over substrate 10 and including patterned mass 20 comprising elemental silver.
Preferably.r layer 22 comprises elemental selenium of at least 90 molar percent,
more preferably at least 95 molar percent elemental selenium, and even more .
preferably greater than 99 molar percent elemental selenium.
Referring to Fig. 4, substrate 10 has been exposed to conditions effective
to react elemental selenium' 22. received - over the elemental silver of mass 20
to form at least a portion of the filled opening/patterned mass to comprise silver
selenide 25. In the depicted and preferred embodiment, such exposing to the
conditions are effective to react only some of elemental selenium’ comprising
layer 22, with those portions formed over_ins'ulative material 16 being essentially
unreacted. In the Fig. 4 depicted and preferred embodiment, the exposing is
illustrated as forming the patterned mass to entirely comprise silver selenide
material 25. Regardless, the exposing preferably forms that portion of the

patterned mass which is transformed to comprise at least 50 molar percent

silver selenide, and more preferably at least 80 molar percent silver selenide.
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5. The nethod of claim 1 wherein the layer conprising elenental selenium
conprises at | east 95 nolar percent elenental seleniumprior to the

* exposi ngW®03/0ph¢d6 et hod of claim 1 wherein the exposi ng RI/§398/014880Vvi ng

occur in a comon processing step. 7. The nmethod of claim1l wherein the

exposi d Vi 0 ian N viliElk erigNt fopfnReeS i Nideatil e PSub 5 e
met homr@g'l aé%?ei{amr etﬁ%t t ﬁ)ew%?('t)osvﬂ*r{gﬁ an'd t hemrégm)vi ng eoc?:,ur i nStgﬁt(':%IM]mn

procegfd eﬁo%g conprising at |east 40C and an at nosphere which renoves
unreacte enental sel enium by oxidation thereof. 9. The nethod of claim1l

21;%?%3 af ?@geﬁﬁlééﬁ%ﬁérﬁEfe*i'%?%ﬂ%*ﬁ@?iﬁ*oeﬁ“ﬁ?@%-l a?ﬁie‘i“&ﬁe@fr'%'?%‘é‘? ERVIRy of

. . ' 4 ' . hng. 19
10 05/ TRRRBepETEsIIGad owRare SHRSORtn Rl “BRernEh, Rel HERERIE Y g
Sl anithe. SuBx "o FiBAIGRICS) (RTINS Al AUISTTHORS RGS: 247 o e PABemed

patterned mass to conprise at |east 80 nolar percent silver selenide, 13.
The nomassl tsf eomprise wilveri selenidecx philen@nir Inpesmast | Badiona 288 off t theof
that portion of the elenental seleniumreceived over the patterned mass

i nt o tpattepeed emass merwming 4as Thee ndeperitedofsiltyeni somprisinge i matetial pinitialiyned
mass conprises greater than 50 nol ar percent elenental silver prior to the
exposifoghed.he Byowang dforexanplan only, eithe s remainingn thickneéss pof t innesiostass
to conprise greater than 50 nolar percent silver selenide, with - an

I nner ngsitio 02da 08 Prefebdbipatront N@dioneids peroantiofgtie totalathdckriessn ofOtheol ar
percent elenental silver. 15. The nethod of claim 1l wherein the patterned

Mess GGatdis§ Spatténbar masan %dﬁobﬁrﬁ?@r aeghd eb edepit®! bat loner epbodiment t he
exposing ) the exposing form ng an outernost portion of the patterned nass

to CorWﬁ%r%ﬁ\ %@%ﬁoﬁﬁ%% bR H%ﬁr{a orelhalf lofStheS il iopahing td cdmprise

i nner most "por t1 on o e patterne Ss renmmi ning at greater than 90 nol ar
ot noc Bt cPPhRe- o AfEmateRl by, vyl SRRAPICCGAYT dieniflol NegRlueh The
mos oot BiGf PR lebco s Rnale RRTeffoRC SiftibdibRt [t 'sHpuRe R T
R e N R S A SN R
is greater than the maximum first thickness.
One example preferred process for the subject exposing includes annealing
the substrate at a temperature of from about 40°C to about 100°C at a
pressure of from about 30 mTorr to 760 Torr for from about one to three
hours. Higher temperatures typically result in a higher annealing rate.
Conditions and time can be controlled to achieve a desired amount of the mass
to be transformed to silver selenide comprising material. Further, by way of

example only, annealing in a suitable oxidizing atmosphere is also a possibility,

as is more fully described below.
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18. The method of claim 1 wherein form ng the patterned mass conprising
el emental silver conprises depositing an el enental 'silver conprising

mat eri al WQpsiss4sat t erning it, and subtractively etching iRCEU$BSHO14%8e

phot opatterning. 19. The nethod of claim1l. wherein formng the patterned

Mass conpr 'fé}gingl ?&Bﬁp?' SuhVédcted WMBHicheA Belehiute 22 Pivdd Deerd rémontad
within insulativeé material over the substrate, and at |east partially

1Y R S8 SRS i e Aol sbmaning
g T R N e T

per coRONEHISRan AP o RIRGy B, ALEtetRT 1n; 8 ShamieRCyBlot 3¢ 9elSRNE 487 o

mass conprising elemental, silver; exposing,the_ substrate to . conditions

ef f ectre@veoelespeatab $gjeriym: ¢AMPIgn |€\?é$ﬂad| (’?@eP%'ﬁP{hYﬁ'w ﬁ?ﬁtlvﬁeq& gt al
silver to formthe patterned mass to conprise silver selenide, the exposing
f or ni regleride scomprisingl anatesial 02Be rArnexample et elely fo5, #PING (30 WAYEer ned
mass to have a maxi num second thi ckness which is greater than the maxi num
first indludanedilizingheyeitpgan ngeraxide,ndor hexampleer akedirams Sopd clomperaturg:

| east 80 nol ar percent silver selenide, the exposing driving at |east a .
maj or itby 50¢C t &ved ' ambient quressuriehe Ah esxample dnl processr woulds intlude rplasma
patterned mass into the patterned mass; renoving all unreacted el enental

sel enigiBhihgousinge )st FatAer Myoway f exdmplet onlyndarctalleenateeptocess for
el ectrical "connecti onh with one portion of the patterned nass conprising

si | verreatdviny dfreféRYi Bidiertal YelBHNiMMc6mbriBes cinersaRIrics ithe temiperataire i of
el ectrical connection wth another portion of the patterned mass conpri sing

CommerrBCh Bk BB RO, ApRRSCRSaRile: o seBioh 8 yonei2ow"G oo
to 250°C, and at atmospheric pressure for from 10 minutes to one hour,
effective to cause evaporation - of the: unreacted selenium from the substrate.

Referring to Fig. 7, a germanium selenide material layer 26
(i.e., preferably 40 molar percent germanium and 60 molar percent selenium) is
formed over and in electrical connection with silver selenide "comprising
material 25. A second conductive electrode material 28 is formed thereover,
and thereby in electrical connection with silver selenide 25 through material 26.
Second conductive electrode material 28 might be the same as first conductive
electrode material 14, or be different. An exemplary preferred material for
electrode 28 in the depicted and described embodiment is elemental silver.

Regardless, in the preferred embodiment such provides exemplary processing of

providing a first conductive electrode in electrical connection with one portion of
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WD 03/ 065456 PCT/ US03/ 01498 21. A nethod of forming a-non-volatile

resi stance vari abl e device, conprising: formng a fi rdt conductive

‘el ectr odBY®P4581 over a substrate; forming an insul ati PETRI0PI4ES over
the first conductive electrode material and an openi ng therethrough to the

first g lgact : ek idePeBt iRQTR' et i ' shape
of " at PRUSEHE, e A0 CfEriqliy Jpver | sSISRIdS BIVRIIRG B! BTGt ARlgrite shap
device: filli P ' W Ly Sk afe E Sy gal in
el ect PPBisign frdfiat REHIGGrel BoRle A arbhgtCpoRRIV ! the thaliripd ™ | 0
a layer_conprising elenental .sel eni t i | af DAt er over
e SRS FAMPLR e SINATBPESidRG g oSy ) 3eoBid' Gird(eul deedbadlf 1o
substrate . tqQ conditions effective to react elenental .selenj recei ved over
the ePtgrirical cpnertion. Wt'@ flag 9eMmaniyL, sﬁfeﬂbchictﬂm%r#smie'%?ﬁ?%d opening to
conprise silver selenide; renoving unreacted e| epental sel eniumreceiyed
over the i hbal ahovecdessrihads exempiary nredenred r%['f‘@?d'mﬁi‘tp?rWF‘?ﬁ%gcﬁngﬁ‘it ni um
sel eni de conprising material in electrical connection with the silver.

sel enthie; expoging @nddihey remasing dncdifigtenti pe saRaraler MEOCIsSHNGL St9RTal The

connection with the germani um sel enide conprising material. 22. The nethod
of cl #ventibnwatsoeicontdmplatem scorgluctingsthet éxpasinga and the removing in the

same or single common processing step. Fig. 8 depicts an alternate
embodiment 10c which depicts an alternate processing of the Fig. 3 wafer which
produces a slightly modified construction to that depicted by Fig. 4. In Fig. 8,
the _exposing and the removing have occurred in a common processing step
comprising at least 100°C and an atmosphere which removes unreacted
elemental selenium by oxidation. thereof. ‘Preferably, the oxidizing atmosphere
utilizes a weak oxidizer or a dilute oxidizer, for example at less than or equal
to five percent by volume oxidizer, with less than or equal to one percent being
more preferred. An example preferred oxidizing atmosphere comprises at least
one of N,O, NO,, 03, F, and Cly. - By way of éxample only, preferred
conditions include an elevated temperature of from 40°C to 250°C, a pressure
at from 30 mTorr to 760 Torr and from 30 minutes to two hours.

The oxidizing conditions and atmosphere are preferably selected to be
sufficiently dilute or weak, as identified above, to prevent the complete oxidation
of selenium comprising material 22 over patterned mass 20 prior to driving

(either physically or by reacting) elemental selenium into patterned mass 20 such

13



majority portion of the filled opening to conprise silver selenide. 23 2

WO 03/ 065456 PCT/ US03/ 01498 23. The nethod of claim 21 wherein the exposing
forms | e¥0 0¥e63456ne half of the filled opening to conpri sBCHUBQBEH4Se| eni de.”
24. The nethod of claim 21 wherein the elenental silver conprising materi al

cornpr Hﬁ&ﬁeﬁ ggﬁg@ei Givep! SlefileC PdssCDBEE R Fbrniéd v eHawevar, tsach hexigighpi ng.

25. The clarm 21 rein the elenental silver conprising materi al

conpr h@ﬁﬁ{;\ﬁ%@?g?&éﬁgi‘ﬂ ePRIRER BF %H{eé\kalsbél\éﬁiurﬁrbwoiiéaﬁ&ﬁ AXBRS| NQ.

26. T wherern the Layer conprising elenmental selenium
conprises' . at wleast 90 I ~per ; "ﬁVa' ebgdp kefnd® the
exposi‘?i'a.e"Q?s.t '?ﬂ'é'or?epioﬂg%n@agﬁ%i&ﬁmgﬂmab ﬁe a@e%éc{))‘?régrltﬂsgi %" el enent al
sel eni um conpri ses 'at, | east | ar . perce e ' [ to
*he. exPBSS gD thenaXslNGa JMoR ATRIRONnT) JIF e b ariabdigh, e
renovi ng occur in a commobn processing . step. 24 3l >0{_:85456 .

PCT/ USo@asinggirives ahelegst b MEHORY B t%fpm'gnn\é\?h S BROPHR Selepivm
removing occur in different processing steps, 30. The nmethod of claim 21
wher ei receivederpesithg paitemed massyintg e atteingd c®3§Bn processi ng step
conprising at |east 40C and an atnosphere which renoves unreacted el enental
sel eni um byTtexiinladrition furthezoéontemnplates aemathodopf fouming2 anyrlver gelefde
removing of the unreacted Il el emental seleniumconprises chenical etching
after &SpA¥RGSstNGctuR?. regardiass hold wifetherisuch lisvutilized inhther dabricatipnofoft he
unreacted el enental sel enium conprises evaporation after the exposing. 33.

The ey hagnQblatilctirEsidtandeevariablddevivepossuch fmethwdacohtasplaisydarmingea
filled opening to conprise silver selenide. 34. The nethod of claim?21

S PP TR, WpCoulr e o sesnd mtercpaon o o,

Into thes el GaF Pdtion (orftitGtEP d Se@rABd Ghhsd -cofRprising elemental silver and
the second portion not comprising elemental silver. By way of example only
and with respect .to Figs. 2 and:3; an:outermost portion of patterned mass 20
comprising elemental silver comprises an exemplary first outer portion, with the
outermost portion of insulative 16 constituting an exemplary second outer portion.
A layer comprising elemental selenium is formed over the first and sécond outer
portions. The substrate is exposed to oxidizing conditions, by way of example
only such as those described above, effective to both a) react elemental
selenium received over the first portion with elemental silver to form the
patterned mass to comprise silver selenide, and b) remove elemental selenium
of a layer over the second outer portion from the substrate. Preferably, the

exposing removes all unreacted elemental selenium from the substrate. Further,

and in accordance with the above-described preferred embodiment, such exposing-

14




r*WoO 03/ 065456 PCT/ US03/01498 35. The nmethod of claim?21 wherein the
filled opening conprises greater than 50 nol ar percent’ el enental silver

< prior toWes/edsi ng) the exposing form ng an out er nost R6FFES0901498 t he
filled opening to conprise greater than 50 r nol ar percent silver selenide,

Wi th agil MRS TBSterhéVed isom@Toft fife. fdlémentab seteniont oftihel fayent ogsretherfirshan
50 nol ar percent elenental silver. 36. The nethod of €laim 21 wherein the

fill ed?&%ﬁi ROnF QRB' bastraAb CH R stilh PreRPaby| aFive eatc ttistehenaidrity 6f [tHay
prior to the exposing, the exposing form ng an outernost portion of the

filled S’Rﬁﬂi pled tﬂ?ec q’%}ﬁéﬁ@, gg?%gﬁ{"lllt Pedkived MelaF B Chist gbhmr ined efiedle,

with ahiiher fros porti on of | ed opening renmaining at greater than

90 nol ar,. pergent ele Si. |\ bl LAt 21 [ e
nsul obne@rRd: Bacs) HEC vibreChlgfBhatiyi oty Ras a0 Hofr oG FURAEE, Sud
proxi mate the openin d the elenental, silver copprisiLn | a L.t hin
the fi ?*M'%eﬂ&%ﬁmﬁ’& a&ﬁ""ﬁuﬁ@?w@ etgd J0asHnle hng‘éé céplq%%%vh\} t %e%ré
insul ative materjal outer surface prior to th osin th L, enent a

si | ver thigknsse swhighnis @reater WheRi Ks tMeXIgPER; {i@?p‘ﬁf@@f‘eﬁ qhmeﬁaﬁ%%i b"’htﬂli ng
a maxi mum first thickness, the exposing formng the patterned nass to have
a maxi themexposing. t hi ckness which is greater than the maxi mum first

thi ckness. 38. The nethod of claim 21 wherein the renoving renoves all

unr eact ed eTherdepittedeodi ahove-descriked; \grpbediments sshowypipgesses;jsherein
PCT/ US03/ O1a98 39. A nethod of formng a silver sel enide conprising
struct gt eleasbngpr nwjodty famdniing ones uteser atsseatially i all ngf athel rvatesial ewithisy t i on
and a second outer portion, the first outer portion conprising a patterned
nMass CepBhRing 18 Rkl o@neditos comprriset Biensartahdilvet. er Figs: t9 on Moillustrate ian ng

el enental silver; '

alternate embodiment' 10d. Like' numerals from the first described embodiment
are utilized where appropriate, with differences being indicated by the suffix “d"
~or with different numerals.: Fig..9 depicts an alternate elemental silver
cémprising material 20d received within opening 18. Such comprises a lower
exemplary germanium selenide portion 21 (i.e., preferably 40 percent germanium
and 60 percent selenium), and an overlying preferred 99 percent-plus pure
elemental silver region 23. By way of example only, such could be formed by
suitable deposition and planarization relative to insulative layer 16. A selenium

comprising layer 22d is formed thereover.
Referring to Fig. 10, substrate 10d has been subjected to the preferred
exposing and removing processing (either together or in different steps) effective

to form a silver selenide mass 25d and to remove at least some, and

preferably all, unreacted elemental selenium from the substrate.
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formng a |layer conprising elenental seleniumover the first and second
outer portions; and exposing the substrate to oxi'dizing conditions '
effecti vav@ a3/455436, a) react el emental sel eniumrecei ved oPET/USHROIAIS St
portion with elenental silver to formthe patterned mass to conprise silver
sel eni de angeflrifigBVPRiE! $NEahsihetegermaniomoselsnide dyper 28dr ahdiea seeond
outer portion fromthe substrate. 40. The nethod of claim 39 wherein the

exposi QacfrBdRVEsd SHeE f&¥medanatésrit al sel enium of the layer over the’
first portion fromthe substrate. 41. Thenethod of claim39 wherein the

exposi ng dr4 a HO LI Ji &l em
recei ved ov?r{gt ec#vlg?&é ss%irﬁt%!d o%ﬁ%@tbﬂg IS‘z%t%‘ Hﬁ%e dnysé? .|&4§£@?’hgwngtﬁﬁ@§u§f
claim 39 wherein t Sj dri . I 8Q: ar c t
ort 1 ot JPTRG & TR seds: shlrEdisie, 8Hlpufal RV, T SBEH " Etbolimedt3; |
patterned mss.. . 27 7 . WD 03/065456 .PCT/ LUS03/ 01498 43, The hpd of
cl ai m 8ePighdPENING 3 Ratiemed; Aeeung, Wty 'ﬁs‘ﬂ{@ Br réaelopv?rr ;ﬂnsé@%hff)e40c
to about 250C. 44. The nethod of claim 39 erein the %MFI ng conditions
conpr i aad apt deast prartially ofilipg sthe gpenipgs Wit 2R elementRloSilves "ceprising
Cl 2. 45. The nethod of claim 39 wherein the exposing renoves all el enental
sel eni materialt he Howevenov&he t irventiopndcontemplaisest iasly fmeHiadheok uigsming ea 46.
The net hod of claim 39 wherein the exposing renoves all unreacted el enent al
sel eni pattémexh niesss cbsprising elementad silyenodByf way avfirezamplaventy.i one rssich
patterned mass conprises at |east 95 nolar percent elenental 'silver prior
-t 0 t hglterats i proceds. is THesenisdtbdviti  referenc@9tonfdgei 12t helS.ayer conpri sing
el enental sel enium conprises at |east 95 nolar percent el enental sel enium

prior to thpiexppsidpicts4@nothee dikirhaté emttidiimenddloshewith nikehrumatdle rfram
mass as forned prior to the exposing has a maxi nrumfirst thickness, the

CAPZR, P EPSLBCHRoRE M OMIARE ke TR Enceg e T AR i
"e" or with different numerals. Fig. 12 depicts the depositing of a silver
comprising méterial .20e.. Material 20e: has been patterned, for example by
photopatterning and then subtractively etching after the patterning. Other
patterning, such as laser patterning or any other method of patterning, is
contemplated, whether existing or yet-to-be-developed.

Referring to Fig. 13, an elemental selenium comprising layer 22e is formed
over patterned mass 20e.

Referring to Fig. 14, the substrate has been exposed to conditions
effective to react only some of elemental selenium 22e with the elemental silver

to form a patterned mass 25e to comprise silver selenide. Any of the above-

described processing, including an oxidation process which removes 22e from

16




28 y . , WD 03/065456 PCT/ US03/ 01498 50. The nethod of claim 39 wherein
form ng the patterned nass’ conprising elenental sil ver conprises depositing
“an el eneM®3/06545¢er conprising material, photopatterni ng PCIJUSAFOI1498
subtractively etching it after the phot opatter ning. 51. The nmethod of claim

39 whitieti prob@sdN. adrind) ethealdxpoRfl, Mhs ScoftBmplateady &f aBuédl id V&e rises
formng a patterned opening within insulative material over the substrat e,

and aprdrered @,@gﬁ,b@g[y filling the opening with an elenental silver
conprising material. 29 CAA2 L ACAAYE A2 LAY LCAU& LA & AY LA L AS&2 . A&

. AFF LA Aﬁ‘gferﬁngq tdA‘Wﬁ. 15, a preferred germanium selenide layer 26e and a
preferred second electrode 28e are formed thereover.

The above constructions can be effectively preferably fabricated to form
programmable metallization cells over memory and other integrated circuitry.

In compliance with the statute, the invention has been described in
language more or less specific as to structural and methodical features. It is
to be understood, however, that the invention is not limited to the specific

- features shown and described, since the means herein disclosed comprise
preferred forms of putting the invention into effect. The invention is, therefore,
claimed in any of its forms or modifications within the proper scope of the
appended . claims.. appropriately- interpreted - in accordance - with the doctrine of

equivalents.

17




A& LAY LAY LAl ALY A& AL LAY A2 LA LA A LA TY?8%HAZO
" =BC zupke ZU] caU] ca] calj ca] ca] caj ca] caU] caj caU] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] caM@pyedsew] ca] ca] cal ca]ca]jcaljcalca!l 'sx y ~ PCT/US03/01498
{vgl fa] Vke ZU] ] cal] ca] calU] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] cal]c
aU] c atlLAamBca) ca] ca] ca] ca] ca] caU] ca] ca] cal] ca
"HBBPWBA & '+ (WOX( Q- -

D/ / 06f.zupky a\ﬁ@thb@abfa]fsﬁﬁm] c&] eehorjatnd] cadisaial oalremls abegkeal cal
ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal 6111734444455] 5589;
% ; <Qom BB
CTOCCFr €]} upﬁf aVW]]ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] cajcalc

ﬂ gﬁ}:’gﬂ?g’%] @E@Rmm%][ ’f‘ﬂ’@ %ﬁﬁ@% ca c a caa]séj tj; cal ca]
TPy eRRing & Bt O BRERNG ?4%@%@%4 BTGy praL By %&?%ﬁ%@af%ﬁ cal o
Z] gg]l ﬁg ca]tﬁg]ﬁ%ﬁgﬁg]“cqas%] (i‘::%}n&r] ca, Cﬂ! ]‘tcaa] C.ia‘\,]ecaU] calcal] ca]lcalcalcalc

nnkoNpWjl C]OC]XC]}XSI’]I d"Ykf a\ V\]] ] cal ca] ca] ca ca] c cal] ca] caU] ca] caj] ca] ca] ca
] ca] ca] ca] cRPASH%: dlve a5 ebgtest cgandif] caagtc gnly ‘'some of the
Xxqqqqr Urrr 7ss?u} uuvavvvwv-Irvmvvszwaxx yJyyy&zt zz| w mhc”Y] cal ca]ca]ca]calc
a] ca] ceipogntal] cgjenivma MitU) the) (ﬁi?@&]ltﬁi] §&\]Qfa]t@a]q,ra] il :i’]al‘& ned c@psd] ] ca]
calcalcal zzzI {h{{{]| _lelglilt|]||} ~~] VAH{~ytoj d"Yrmc"Y] ]1]1caU caU] ca] ca] ca]c
a] ca] cedroptise] silvef cadlenitien] ca] ca] ca] ca] cal ca] cal] cal] ca] ca] ca] ca] ca] ca] ca]
cal ca] ca

3X} 3sS' s$i gempvirg Wrirkacledaeleménia) csei@niabc fijona] the] sabsindtea] ca] ca] ca] ca] ca]

cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] cal]c

a] ca] ca! { 1#4%Gvrfingl| sakigst\ \bbhiaetiva Lbieairoas c ] slatticht a¢erievtibAa it ceeal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca$¥&kHa?!

* $109 9 9 Y&10%&: () - Hdj aB! (L$10%
e ()%ubﬁ%&{ ﬁljé; %%ltt&gé@ /ifass) caﬂ%ﬂ%u{g -Siér/id&idnidd/ () - Hdj aB! (

T $10%& () - r%Qf’@iﬁ?g @ gé%ﬁiu(ﬁ *s@lémae,@diﬁﬁﬁs{ﬁg(ﬂ"a%q)nglﬁcfr"éail%@n&tlon

with another portion of the patterned mass comprising silver selenide; and
providing a second conductive electrode in electrical connection with the

germanium selenide comprising material.

2. The method of claim 1 wherein the patterned mass comprises at

least 50 molar percent elemental silver prior to the exposing.

3. The method of claim 1 wherein the patterned mass comprises at

least 95 molar percent elemental silver prior to the exposing.
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selenium comprises at least 95 molar percent elemental selenium prior to the

exposing.

6. The method of claim 1 wherein the exposing and the removing

occur in a common processing step.

7. The method of claim 1 wherein the exposing and the removing

occur in different processing- steps. .

8. The method of claim 1 wherein the exposing and the removing
occur in a common processing step comprising at least 40°C and an

atmosphere which removes unreacted elemental selenium by oxidation thereof.

9. The method of claim 1 wherein the removing of the unreacted

elemental selenium comprises chemical etching after the exposing.

10. The method of claim 1 wherein the removing of the unreacted

elemental selenium comprises evaporation after the exposing.
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13. The method of claim 1 wherein 'the exposing drives at least a
majority of that portion of the elemental selenium received over the patterned

mass into the patterned mass.

14. The method. of claim 1 wherein the patterned mass comprises
greater than 50 molar percent elemental silver prior to the exposing, the
exposing forming: an-.outermost:portion-of :the patterned mass to comprise greater
than 50 molar percent silver selenide, with-an innermost portion of the patter.ned

mass remaining at greater than 50 molar percent elemental silver.

15. The method of claim 1 wherein the patterned mass comprises
greater than 90 molar percent elemental silver prior to the exposing, the
exposing forming an outermost portion of the patterned mass to comprise greater
than 90 molar percent silver selenide, with an innermost portion of the patterned

mass remaining at greater than 90 molar percent elemental silver.
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$ $18. The method of claim 1 wherein forming the patterned mass

comprising elemental silver comprises depositing an elemental silver comprising

material, photopatterning it, and subtractively etching it after the photopatterning.

19. The method of claim 1 wherein forming the patterned mass
comprising elemental silver: comprises - forming a patterned opening within
insulative material over the substrate, and at least partially filling the opening

with an elemental silver comprising material.



10 d$6 10% d$& () -, s3:10% d$& ()- & : 10% d$& () - *$10% ,
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silver over a substrate and to a first maximum thickness;
forming a layer comprising at least 90 molar percent elemental selenium
over the substrate and including the patterned mass comprising elemental silver;
exposing the substrate to conditions effective to react only some of the
elemental selenium with the elemental silver to form the patterned mass to
comprise silver selenide, the exposing forming the silver selenide to be rich in
silver, and forming the patterned mass to have a maximum second thickness
which is greater than the maximum first thickness, the exposing forming the
patterned mass to comprise at Iéast 80 molar percent silver selenide, the
exposing driving at least a. majority of that portion of the elemental selenium
received over the patterned mass into the patterned mass;
removing all unreacted elemental selenium from the substrate;
providing a first conductive electrode in electrical connection with one
portion of the patterned mass comprising silver selenide;
providing a germanium selenide comprising material in electrical connection
with another portion of the patterned mass comprising silver selenide; and

providing a second conductive electrode in electrical connection with the

germanium selenide comprising material.
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forming a first conductéve electrode material over a substrate;

forming an insulative material over the first conductive electrode material
and an opening therethrough to the first conductive electrode material, the
opening comprising a desired shape of at least a portion of a final resistance
setable structure of the device;

filling the opening with an elemental silver comprising material in electrical
connection with the first conductive electrode material;

forming a layer comprising elemental selenium over the insulative material
and over the elemental silver comprising material within the opening;

exposing the substrate to conditions effective to react elemental selenium
received over the elemental silver to form at least a portion of the filled
opening to comprise silver selenide;

removing unreacted elemental selenium received over the insulative material
from the substrate; and

providing a germanium selenide comprising material in electrical connection
with the silver. selenide; and :

providing a second conductive electrode in electrical connection with the

germanium selenide comprising material.

22. The method of claim 21 wherein the exposing forms at least a

majority portion of the filled opening to comprise silver selenide.
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material comprises at least 50 molar percent elemental silver prior to the

exposing.

25. The method of claim 21 wherein the elemental silver comprising
material comprises at least 95 molar percent elemental silver prior to the

exposing.

26. The method of claim 21 wherein the layer comprising elemental
selenium comprises .at “least- 90:- molar- percent elemental selenium prior to the

éxposing.

27. The method of claim 21 wherein the layer comprising - elemental
selenium comprises ‘at least 95 molar percent elemental selenium prior to the

exposing.

28, The method of claim 21 wherein the exposing and the removing

occur in a common processing step.
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occur in a common processing step comprising at least 40°C and an

atmosphere which removes unreacted elemental selenium by oxidation thereof.

31. The method of claim 21 wherein the removing of the unreacted

elemental selenium comprises chemical etching after the exposing.

32. The method of claim 21 wherein the removing of the unreacted

elemental selenium comprises evaporation after the exposing.

33. The method of claim 21 wherein the exposing forms at least 80%

of the filled opening to comprise silver selenide.
34. The method of claim 21 wherein the exposing drives at least a

majority of that portion of the elemental selenium received over the elemental

silver comprising material into the elemental silver comprising material.
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x$&' () - wxRgxxyJYHE Mlethod of claim 21 wherein the filled opening comprises greater
than 50 molar percent elemental silver prior to the exposing, the exposing
forming an outermost portion of the filled opening to comprise greater than 50
molar percent silver selenide, with an innermost portion of the filled opening

remaining at greater than 50 molar percent elemental silver.

36. The method of claim 21 wherein the filled opening comprises greater
than 90 molar percent elemental silver prior to the exposing, the exposing
forming an outermost portion of the filled opening to comprise greater than 90
molar percent silver selenide, with an innermost portion of the filled opening

remaining at greater than 90 molar percent elemental silver.

37. The method: of claim 21 wherein the insulative material has a
substantially planar outermost-surface’ proximate the opening and the elemental
silver comprising material within the filled opening has an outermost surface
which is coplanar with the insulative material outer surface prior to the exposing,
the elemental silver comprising material within the opening prior to the exposing
having a maximum first thickness, the exposing forming the patterned mass to
have a maximum second thickness which is greater than the maximum first

thickness.

38. The method of claim 21 wherein the removing removes all unreacted

elemental selenium from the substrate.
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1F- &10% k) F&fnhing 1O shibsfraty) {conjprisind #9Miretodiftef )portion and a second outer
portion, the first outer portion comprising a patterned mass comprising elemental
silver, the second outer portion not comprising elemental silver; |
forming a layer comprising elemental selenium over the first and second
outer portions; and
exposing the substrate to oxidizing conditions effective t6 both, a) react
elemental selenium received over the first portion with elemental silver to form
the patterned mass to comprise silver selenide, and b) remove elemental

selenium of the layer over the second outer portion from the substrate.

40. The method of claim 39 wherein-the exposing removes some of the

elemental selenium of the layer over the first portion from the substrate.

41. The method of claim 39 wherein the exposing drives at least a
majority of that portion of the elemental selenium received over the first portion

into the patterned mass.
42. The method of claim 39 wherein the exposing drives at least a 80

molar percent of that portion of the elemental selenium received over the first

portion into the patterned mass.
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an atmosphere comprising at least one of NZO, NOx, 03, Fsp, and Cl,.

45. The method of claim 39 wherein the exposing removes all elemental

selenium of the layer over the second outer portion from the substrate.

46. The method of claim 39 wherein the exposing removes all unreacted

elemental selenium from the substrate.

47. The method of claim 39 .wherein the patterned mass comprises at

least 95 molar percent elemental silver prior to the exposing.

48. The method of claim 39 wherein the layer comprising elemental
selenium comprises at least 95 molar percent elemental selenium prior to the

exposing.

49. The method of claim 39 wherein the patterned mass as formed prior
to the exposing has a maximum first thickness, the exposing forming the
patterned mass to have a maximum second thickness which is greater than the

maximum  first thickness. .
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50. The method of claim 39 wherein forming the patterned mass
comprising elemental silver comprises depositing an elemental silver comprising

material, photopatterning it, and subtractively etching it after the photopatterning.

51. The method of claim 39 wherein forming the patterned mass
comprising elemental silver comprises forming a patterned opening within
insulative material over the substrate, and at least partially filling the opening

with an elemental silver comprising material.
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