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St ruct ur ewo 03B6&HHEBE CAL FI ELD This invention relates to net rodassos/ofses m ng
non-vol atil e resistance variable devices, and to nmethods of form ng silver
selenid risi st.ructures., ..BA ND THE | NVENTI i conduct or
f abri ca?\f%ﬁo %n@H}Q nipg &Pma?l%%%ig ?Efg \%dlﬂﬁe ﬁ%/‘(:'f:?%%l'&dsﬁ% ent s
smal ler and smal | e -FRUOING RYVEL IK/ERIGe é?pri'sr\‘?%gs VeSS rcuitry. one
type of integrated circuitry conprises nenory circuitry where information
is stored in the formof binary data. The circuitry can be fabricated such
that the data is volatile or non-volatile. Volatile storing nenory devices
result in |oss of _data when power is interrupted. Non-volatile nenory

ci rcui TEGHNCALNEIELRe stored data even when power is interrupted. This
invention was principally notivated in nmaking inprovenents to the design
and oper at iTdis dhvertimr yelates 4o tmethddscob ferthing narcvoRditee nesistidnse Grigtle 115;
5,896, 312; 5,914,893; and 6,084,796 to Kozicki et al., which ultimtely
resul tedevi¢esomand So Patthots ApplforaingosilBar salenie dinifisdng O&rudtutesd on My
30, 1996, disclosing what is referred to as a programmable netallization
cell. Such a cell includes opposing el ectrodes having an insulating
dielectric material received therebetween. Received within the dielectric
material is a

BACKGROUND OF THE INVENTION

Semiconductor fabrication continues to strive to make individual electronic
components smaller and smaller, resultihng in ever denser integrated circuitry.
One type of integrated circuitry comprises memory circuitry where information is
stored in the form of binary data. The circuitry can be fabricated such that
the data is volatile or non-volatile. Volatile storing memory devices result in
loss of data when power is interrupted. Non-volatile memory circuitry retains
the stored data even when power is interrupted.

This invention was principally motivated in making improvements to the
desigh 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. 08/652,706, 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



1 WD 03/065456 PCT/ US03/01498 variable resistance material. The resistance
of such material can be changed between |ow resistance and hi gh resistance
states. IwWOiB®65366 mal hi gh resistance state, to perform &Curish®omper ati on,
a voltage potential is applied to a certain one of the electrodes, with

the other of the el ectrode bei hel d.at zer I . Qr
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the el ectrode held at zero or, groynd functions,as a cathode n re of
the r &etweemcow arPsiladChat 37d aF"Q E%ﬁiﬁaf‘ﬁ%t sﬁt%esundglﬁgggss go%ﬂglngﬁllgg(t a
certain applied voltage. Wth such voltage a ' W resi nce
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occur between the top and bottom el ectrodes. Once this occuLsi tnell ow
r esi staamedadt ane iof thet slenttbdgsewithethgolothrye of pifiee flachiode, PEING d® Such

can effectively result in the resistance .of the mass of resjstance

var i ablefo mMadleagenl obegronead. t hdhel ezlectvade bevipgi rthebyolageceppliedr theretso,
Such material can be returned to its highly resistive state b reversing
the valhamsPakeahi aodigt white thee elotrdeleahdld at horte. ongapund tfhactiong asy
resistive state is nmaintained once the reverse voltage potentials are

removed. . AG6QE di NGhy. naHEB dfded Cesistance f variablenphaterialiist isoshaghat it

programabl e menory cell of menory circuitry. The preferred resistance

vari ah| & iet el iAlcHapgel Weda bedriaR Nappliec| wittagedesWith such voltage applied,
a low resistance state is induced into the material such that electrical
conduction can occur between the top and bottom electrodes.

Once this occurs, the low resistance state is retained when the voltage
potentials are removed. Such can effectively result in the resistance .of the
mass of resistance variable material between the electrodes dropping by a factor
of 1,000. Such material can be returned to its highly resistive state by
reversing the voltage potential between the anode and cathode. Again, the
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 ions diffused therein and one or more layers



typically and preferably conprises a chal cogenide material having netal
ions diffused therein. One specific exanple includes one or nore | ayers of
ger mani unweaBmei4de havi ng silver ions diffused therein an®Cansosni4oor e

| ayers 2 WD 03/065456 PCT/ US03/01498 of silver sel enide having excess
silver ions diffused therein. It is, however, difficult tg formsilver
rich of sitversselenidte. hauiing cexaessi sivern iions \wiffuped nthesaint v ﬁoﬁ»vgﬂe{&"?h
addressing the above.. issues, it is in no way so limted. The artisan wll
appr ediiffitelt ajopforonksilvet yridt silvee selfRidR.i on in ot her aspects unrelated to
the above issues, with the invention only being linmted by the

acconpanyi Wghid aihes imgertionereas yprincigaly winotivated iini addgssingr dhen@OOVE t he
specification, and as appropriately interpreted in accordance with the
doct rijgsued RO Rl Ntway SOMIMIRAI65756 RAF0SHSH odpweciatu\mtivaliliyy of

i nvention includes nethods of formng non-volatile resistance variable

devi cqfie ARYENHEA NAdStHRF dspeBrewifblated teetheniabovecispuési withstheudnvension | n
one inplenentation, a nethod of formng a non-volatile resistance variable

devi ce, .\ el; O ByNEhe? aBabtBaARAg "BIaS aiEp liiesalyy walrdew nvithouti imitingover
a subgqr]rl%ltr%'wzﬁwgéye%conp?i Si ng eﬁe?rent al seleniumis fornmed over the

subst @ eerezri\@g to the specification, and as appropriately interpreted in accordance with

the doctrine of equivalents.



I ncluding the patterned nmass conprising el enmental si [
exposed to conditions effecti ven}t)o reagt only someso:c Vﬂ]é llhgrr:ﬁ?;t rate s
sel eni umweaitsiosidbe el emental silver to formthe patternedpeadsos/oeonprise
silver selenide. Unreacted elenmental seleniumis removed fromthe

substr at e.AAYfl rst conductive electrode is provided in electrical
conneBYMMARY h one portion of the patterned nmass conprising silver

sel eni de. A gernanj um ' | gi ' ' ' '

electr ;am%lrmgemm bes el o7  RERTE S{diEvolafie, FEAYREE Variabie
onprising silver selenide,. ' ' ' [
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one inplenmentation, a nmethod of formng a silve]\r sel.eni de ¢ i sing. .

st r ucimpleniemtatiotes af snetheg f siasarnG: 8 BERNIAIAYIR o rePIFAPSE 8%‘{@5'%6’?9%"& and
a se_cond out er _portion.. The first outer portion conprises a patterned
mess ineludes $omyngl enpaitethedi Mmass. camerisigo riproatiel PYPE i%’ﬁfd%e%”t}%g‘iate-
conprise elenental silver. A layer conprising elenmental seleniumis fornmed

over phelafer Stompridirecelechemisler sgleniuronds  Tareesbover S

oxidi zing conditions effective t%i both, a) react el e?rtetr?teials ?jﬁ?ﬁ?gs"@
recei yRauANG" thdephiteiiedanasoncanplising eemeatalsisilver. t dheorsihstiate is
patterned nmass to conprise silver selenide, 4 W 03/065456 PCT/ US03/01498
and b, g&g%&g%e'c%ﬁamo% SHLEMeIMoofreadte only esomeeof tthe stamentabiaedeniyBy ti on

fromtﬁ strate.

with the elemental silver to form the patferned mass to comprise silver selenide.
Unreacted elemental selenium is removed from the substrate. A first conductive
electrode is provided in electrical connection with one portion of the patterned
“mass comprising silver selenide. A germanium selenide comprising material is
provided in electrical .connection with another portion of the patterned mass
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

elemental silver to form the patterned mass to comprise silver selenide,



5 WD 03/ 065456 PCT/ US03/ 01498 BRI EF DESCRI PTI ON OF THE DRAW NGS Preferred
enbodi nents of the invention are described below wth reference to the
f ol | owi ngwaasosgaaeyi ng drawi ngs. Fig. | is a di agrammati c PO@rEspectdye vi ew
of a sem conductor wafer fragnment/section in process in accordance with an
aspect. of the invention., Fig, 2 1S i ihg- sbcovd eduter agontioh at a
pr ocedrd n@ §?'@Bvesﬁ%&%@ﬁt&'%’ﬁ'h‘at&swgem%%r E’PS' Fﬂ{\g Fig. 3 i1s a view of
the Fig. 2 wafer . fragnent at a processing step subsequent to that shown by
Fig. omgihe sztﬁl%raéevi ew of the Fig. 3 wafer fragnent at a processing step
subsequent to that shown by Fig. 3. Fig. 5is an alternate view of the Fig.
3 wafer fragnent at an alternate processing step subsequent. .to to.. that
shown by Fig. 3. Fig. 6 is a view of the Fig. 4 wafer fragnent at a
processing step subsequent to that shown by Fig. 4. Fig. 7 is a view of
the Fig. 6 wafer fragnent at a processing step subsequent to that shown by
Fig. 6. Fig. 8 is an alternate view of the Fig. 3 wafer fragnent at an
alternate processing step subsequent to that shown by Fig. 3.



Fig. 9 is a diagrammuatic perspective view of an alternat [

: e enbodi nent

sem conductor wafer fragment/section in process in accordance with an
aspect owotieesssvention. 6 WO 03/065456 PCT/ US03/ 01498 [PiCg/Usifoidgs a vi ew
of the Fig. 9 wafer fragnent at a processing step subsequent to that shown

by Fig, i i L ey of i8s 10 waf i
ot ep BRIBEESGRET PN SEREHE HRAMNGE ™ e o, St agrammatic

per spective vjew of anather, al ' . ;
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Fig. 13 is a view of the Fi 12 wafer fragnent at a [
, . _ processing ste
subsetudhe fellowing W%’iﬁ'ﬁg g‘.;raﬁngﬁfl g. 14 is a view of the I%i g. 5)3 waf er

fragment at a processing step subsequent to.that sho | '
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t hat shown by Fig. 14. 7 WO 03/ 065456 PCT/ US03/ 01498 IPEt Al LED RE‘?CRI PTI ON
O .

OF THEragREHRREDNOEMBODFOEaSESin accordance with an aspect e mven

Fig. 2 is a view of the Fig. 1 wafer fragment at a processing step
subsequent to that shown by Fig. 1.

Fig. 3 is a view of the Fig. 2 wafer fragment at a processing step
subsequent to that shown by Fig. 2.

Fig. 4 is a view of the Fig. 3 wafer fragment at a processing step
subsequent to that shown by Fig. 3.

Fig. 5 is an alternate view of the Fig. 3 wafer fragment at an alternate
processing step: subsequent. .to .that. shown by Fig. 3.

Fig. 6 is a view of the Fig. 4 wafer fragment at a processing step
subsequent to that shown by Fig. 4.

Fig. 7 is a view of the Fig. 6 wafer fragment at a procéssing step
subsequent to that shown by Fig. 6.

Fig. 8 is an alternate view of the Fig. 3 wafer fragment at an alternate
processing step subsequent to that shown by Fig. 3.

Fig. 9 is a diagrammatic perspective view of an alternate embodiment
semiconductor wafer fragment/section in process in accordance with an aspect

of the invention.



Thi s disclosure of the invention is submtted in furtherance of the
constitutional purposes of the U S. Patent Laws "to pronpbte the progress of
science awooawessns arts” (Article 1, Section 8). Exenpl arycantsosihrment

met hods of form ng a non-volatile resistance variable device are initially

described wth reference to Fi.gs. - B ital- i ihat
fragment 15'%odfril¥; ﬁgvﬁ%agitgébgﬁ'atgg vigfegngégm%:ﬁ?s% S“ci%'?ﬁgﬁ'bg Step

el ectrode material, 14 fornmed. t eqQver. Base substrate 12 might conprise
any s&i-‘gﬁ‘l’oq“ée'%tub?)o'ih?f rﬁj"og‘ﬂ'bg}yr gﬁé %f‘or exanpl e a seni conductor substrate
whi ch includes bul k nonocrystalline sjlicon. | copt ex his
document, fie (1§ "3eHfWo uaﬁ)rﬂgubﬁ’r ?:ger 3'%9"12%}% ggn%uéﬁ&%gg@gbss%erpat e"
is defined to mean any construction conprising sem conductive material,

i ncl ugubhgequent: teothat i shome byt §19: Wl k seni conductive materials such as a
sem conductive wafer (either alone or in assenblies cgrrpri ﬁjﬁgg o{ther

mat eri al s Higr edR) , isand diagryomalict | PErspaciye al ViIeWyePs @8P QNSNS in
assenblies conprising other materials). The term "substrate" refers ,?o any
suppordmivgdiatentcsemizonductondvafgr fragmendfseriion tiedProsess HB agsAreaner WitNe
substrates described above. Also in the context of this docunent, the term

"| ayeran eppeepasts e ovdntidne singular and the plural unless otherw se
i ndi cated. Exenplary preferred nmaterial for layer 14 is el enental

tungsten. Angi nmiliat bveiewteh ithe Efy.i 42f ovafed foagment radt acprenessinge step
electrode material 14. Such has been patterned by any suitable patterning
met hod; {Hsefuent to that shown by Fig. 12.

Fig. 14 is a view of the Fig. 13 wafer fragment at a processing step

subsequent to that shown by Fig. 13.

Fig. 15 is a view of the Fig. 14 wafer fragment at a processing step

subsequent to that shown by Fig. 14.



|'i t hography, such as photolithography) to forman opening 18 therethrough
to 8 WD 03/065456 PCT/US03/01498 first conductive el ectrode material 14.

Openi ng IWoadpissces sonme desired shape of at | east a porcirarsonfi4as fi nal
resi stance setable structure of the device being fabricated, as will be

appare I t [N [ Metan re | 2, opening 18
nae. bobr A FFRG B SEREON . FES FIRIERRER TeBIONENTS S 20T
el ectrical nnection withfirst.cao ti.ye de ' 1
exenpl ary p?g'lserﬁi'é‘dmﬁ’dfeer P h'f.eor' B§§ al'¥2§%:bﬁgﬁé§e§na?m lﬁéeﬂgg%" eSéjfrmAt{“gr
percent elenental silver, even re ferably gt | east .95 I er cent
el errenPﬁFStétPt‘Q'éﬁ?l, pé‘ﬁEPQﬁPerP?nﬁ?eeWgrsef grai%n&/%y‘éat &9 ?rﬁghOthtrﬂ%I@{ogrg%ﬁ' c%%nnt
el emental silver. In the illustrated greferred exanpl e, insulative
mat er i &pienee hard qussfigk @' | EVHigleplandfctiat Snost surface proxi mate opening
18, and patterned mass/el enental silver conprising material 20 wthin
openi ng 18 Exampéaryoembadimeniurmathedanhi eh farmieg piaanapnwiolalile ndesisancs: i ve
material outer surface. Further, patterned mass-., 20 can be consi dered as
havi ngvadakle meviceurari irstialtyhidslseebseg withh refereneslioe Rigs.clnes$- r ahie Hei ng
fromabout 50 Angstrons to about 2000 Angstrons:. One exanpl e nmet hod of
pr oducidepictdea c sulsstratet fragmeritudOr abegrising Fagbage substhtdel12oaddpesifirsta
| ayer of silver conprising material blanketly over the substrate, and then
pl anar icahAdctikc relbatySde bmalerill H4agfdrnied ttheréayerof Badeersubstrate 12 might
comprise any suitable supporting substrate, for example a semiconductor
substrate which includes bulk monocrystalline silicon. In the context of this
document, the term "semiconductor substrate" or "semiconductive substrate” is
defined to mean any construction comprising semiconductive material, including,
but not limited to, -bulk “semiconductive materials such as a semiconductive wafer
(either alone or in assemblies’ comprising other materials thereon), and
semiconductive material layers (either alone or in assemblies comprising other
materials). The term "substrate" refers to any supporting structure, including,
but not limited to, the semiconductive substrates described above. Also in the
context of this document, the term "layer" encompasses both the singular and
the plural unless otherwise indicated. Exemplary preferred material for layer 14
is elemental tungsten.
An insulative material 16 is formed over first conductive electrode

material 14. Such has been patterned by any suitable patterning method (i.e.,

lithography, such as photolithography) to form an opening 18 therethrough to



insul ative layer 16. By way of exanple only, such deposition mght occur by
chem cal or physical neans. Further, the polishing or planarizing could
occur  bywoesiostsset ch back, chemical polishing, mechanicalpcpalSosthidog. or
any conbi nation ther eof or by any other existing or yet-to-be-devel oped

met hod urt rna b ed
Fi g. I Egnlgcfr?ﬁ'ﬁtﬁvSn 8!’,/ %4654588E@Ugﬁi/ %@-ﬁé%s%st h:forg“ ca%ilig‘ilE
an el ectrol ess_pr other r r [
i t hi rSRARE ie.fsemtea : 'ﬁﬁ 0ol refeialie, pefeD uilelte; BE6E dpyite
deposits therejn and pwardl rowt.h preferably bei ng
stoplpe e'“ﬁh%{hﬁ!'cﬁﬁ r IW bgh BPBRT tﬁAPQ‘ tb%cﬁ‘g%t"f"wéq (HREISSQIkf ace of
insulative material 16. Regardl ess, Fi 2 depjicts hut one exanple
forning a pRetesAn@dto figs 2% oRRANIEg ngB “gﬁe é“qd\/&'t Ay eéergﬁigt%g B/gr
Referring to Fig. 3, a layer 22 conFrlsmg eI enental seleniumis forned
over sctmprising Toatenial |21@I rdielectpaat cxanegctienswith dsipracsdrgtied eplgrirgde
silver. Preferably, |ayer 22 conprises el enental seleniumof at |east 90
nol ar peatenialt 14. norAn perémpkdry y peeferiedst materiadl dor pmaterial 20enpalugdes at
sel enium and even nore preferably greater than 99 nolar percent el emental
sel eni |yast Y anolangpéreeht GleMentalibsilvent everd rhaee hreferablyosedeasy Somaptarons
effective to react elenmental selenium 22. received over the el enental
si | ver pgfcefBseletRentad EiVen aind easén amuret ipreferbbiyhegrbbtdredhan 99 molar
openlng/patterned mass to conprise silver

percent elemental silver. In the illustrated preferred example, insulative

material 16 has a substantially planar outermost surface proximate opening 18,
and patterned mass/elemental silver comprising material 20 within opening 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 méthod. Further,

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



sel enide 25. In the depicted and preferred enbodi ment, such exposing to the
conditions are effective to react only some of elemental seleniunt
conpri si ryo lBaysse 22, Wi th those portions fornmed over inswcatisegomas eri al
16 being essentially wunreacted. In the Fig. 4 depicted and preferred

erbod Qg hAGYPR5 A | Siockbloi 4 ke gl Bt PEINGY NedhERsRg

enti re ise si1ver en| mat er egar dl ess, the ex
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di fferences being indicated by the suffix "a". 5d t f
out er nowateqi@r flPon mfélesﬁhé:@)a?t@?ﬁﬁé blHé@é"et 8"%’8%&1 |°§ef% |Cr\92f“ gé{p%rm%g

whil e an innernost portion 20a of the patterned mass remains as the
deposi esss comprisingneienentplnailveri aver @ suasirgte.f ormed. By way of exanpl e
only, the remaining thickness of innernost portion 20a is preferably from
0 to 10 perRefarriofj tdeFigotdl at hayskn22scomprising islemeniaht selepsm 48 nEdmedss.
Each of Figs. 4 and 5 depicts but one enbodi nent wherein the exposing
fornms ewee substratmetthalrd dficlubingl phttetheshemassy 200 compising: elemental silver.

Preferably, 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 insulative 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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silver selenide. Alternately, by way of exanple only, one-half or |ess than
one-half mght be filled. Further., in the preferred enbodi nent as shown,
the expoworgobésases the patterned nass to have a maxi mnum exarsd3/otaivgkness
which 1is great er than the maxi mum first thickness. One exanple preferred

procesg, g,  RERUBLECT EAPORLARN NGIIES :BNTEANEAY is! NRIGAPS!d Hskariall

t enper rom bout 40 0 about 10 at a pressure 0 rom about 30
mrorr FIO %6% -ﬁr\(} r for fromabout one to three hours. Higher tenperatures
typi ca PEP g&l in a higher annealing rate. Conditions and tine can be

controlled e a de ed anmount mas 0

silver sel e%ﬂd?cdﬁ% ?s?'ﬁga palg M %%&Fﬁghﬁ)aﬂy %e glf'p'g{a%!%rar%?% {I'ﬂfqirét
anneal i n |naSU|tabIe i di zi ng _at nosphere. .is Isoap55|b|I|t

mor e f EMBpdBSRY [3sed UiEresl, Whare\BPBETRI RS s aviEitTd %%f?mﬂgg hopipdipdted, B
Fig. 6, unreacted el enental sel enium 22 has been repove r

subst r the suffive "3t ef Bigr & depil i flegings a§h8mrn?oéﬁtﬂ%§°'&l é’?rgt}"ﬁl Hatterned
unreacted el enmental seleniumfromthe substrate. One exanple of renpving
conpr i swasscHenicunprsehbilvgr elepdes ewhidey am anpEmAsk Wﬂ'@ﬁ 2035 ePlecthieye
to renove el enental seleniumconprising naterial 16 selectively relative
to sil yetterreel emads cempirissiamy thet edepusited. siveexeappdsingt reatefial omitidiyng

so would include utilizing hydrogen peroxide, for exanple at fromroom
t enper fdrierd. By way of example only, the remaining thickness of innermost

portion 20a is preferably from 0 to 10 percent of the total thickness of the
illustrated patterned mass. Each of Figs. 4 and 5 depicts but one embodiment
wherein the exposing forms more than one-half of the filled opening to comprise
silver selenide. Alternately, by way of example only, one-half or less than
one-half might be filled. Further: in the preferred embodiment as shown, the
exposing forms the patterned mass to have a maximum second thickness which
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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to 50C and anbi ent pressure. An exanple dry process would include plasm
etching using CF4. Further by way of exanple only, an alternate process for
renovi ng woroeaecised el enental sel eni um conpri ses increasi n@Crhesos/enper at ur e
of the substrate to closer to the nelting tenperature of selenium say

from 200C kgfe%ﬁ.? 1?1 26, a ArRseter ieferﬁémf%fu{e@eﬁaeﬁq f220Rad ObBB A Uidtfojdy ONne

hour, effeciive 1o cauSe- evaporation., he unreacted seleniumfrom
the su : I'NGH0 i , i n}%ﬁﬁo\;@t aiti &dmh 26
(1.e. 19%%?@(?61%}%%{1%&%%# ;?Era%e"netZi égrp%gfr?%m a;lgc?% g’é‘? nol ar per centmsyﬁi um
Is fornmed over ,and | lectric ect. i tha~sil Vv end :
T conpr PET%{? eﬁa?'gmeﬂg‘]z%?% "'érgcg'lr?ﬁ g@%d%‘é‘? ?@%@él e@eofgg@%r&aﬁg%v&g
fornmed thereover, and thereby in electrical connectiaon .t Ll v
sel eni GQWQS?%rgl?dﬂ'cﬁgt%Pﬁ'é‘ﬂ’ 2N @8%6%%6’?10%&‘?{788%%@% ogegﬁlﬁcgp Pal® 28
m ght be the same as first conductjve el ec.tgo%e n?etecgris(l 14.. ortbe i
di f f er E2MOverelementala spleniune cPEWrisg: dnatgriat 516 selectivelyyLelBlive ntq (Rilver
depi cted and descri bed enbodi nent is elenental silver. Regardless, in the
pr ef er Belgnisieb wNARTIRInG uBateRal iZfes eiamBle pisE e8taNnJobrdoing 059 deyld
first conductive electrode in electrical connection with one portion of 12
WO 03/ Uedudss @ilivingsoBydoged peroxidenefprmey@nmye - atofigm sropinsitemperaldreni de
providing.-. a gernmanium -selenide conprising material in electrical
connecto c50°@ tamdamonibient pozssuoe. ofAnt bramate aryderocess sveddpinckideg pEsSmar
sel enide, and providing a second conductive el ectrode in
etching using CF4. Further by way of example only, an alternate process for
removing unreacted elemental selenium comprises increasing the temperature of
the substrate to closer tb the melting temperature of selenium, say from 200°C
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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el ectrical connection with the germani um sel eni de conprising material. The
above-described exenplary preferred embodi ment processes conducted the
exposi ng wod3pb@se enoving in different or separate procesecmgises/enss The

i nvention al so contenpl ates conducting the exposing and the renoving in the

gﬁg‘:ﬁ?f irg%in\%‘%&?_@d&bﬁﬁﬁéﬁfﬂﬁﬁﬁP%%Fé@se3%%224%5%?5?@5@?@?‘%%% 3
i C ro “ght i fi ) ' ] ' '
o T adrgerG matsal s eles B bauneig, MIB' R0 eAbatEr Y Hastipge o

processing step_ .conprising at, least 100C and an_at nosphere which r v
i eacmags caremising| SIer ciAlanidsy ) FEPVEING. & AEPEHT CONSLES SFdroddan °°
oxi di zing atnmosphere utilizes a weak oxidizer or a dilute oxidizer, for
exanpl elegtricaboonnggtionrwithuthe gesmenium peslepide EMRIISING MREHRZer, with
| ess than or equal to one percent being nore preferred. An exanple
preferred okialiabiong-deseobpteexcrplay inveferead (embedimant ppcesass fepdugied 2
and Cl2. By way of exanple only, preferred conditions include an el evated
t enper thieuegpoding r and 4@ rem2SDQ im qiffessnir er separatemppocessia stepsz60Tier r
and from30 mnutes to two hours. The oxidizing conditions and at nosphere
are prighenadn yalsel eshiethplatsse condiitiing ethiel yexpobinge amd whekrenaevindeirt itheed
above, to prevent the conplete oxidation of seleniumconprising nmateri al
22 ovegapat tE NSifgRRS sorhdM | Protessig Vistap. (eiRiger 8phyepicial | an orlteynate
reacting) elenental seleniuminto patterned mass 20 such 13

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 N5O, NO,, O3, Fy and Cly,. - By way of example 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



WD 03/ 065456 PCT/ US03/01498 that- an-effective- silver selenide mass 25c
Is:,formed. However, such oxidizing wll typically result in sonme renoval
of el emerwalo3®ed46mi um by oxi dation at the outernost portipem/ush3/el4esrent al
sel eni um conprising |ayer 22 over the patterned mass during the oxidizing.

Mbst . {I"fgft e%fi‘ bc%]fy%ch@et Ffl\feraggleﬁaalee' zﬂg%i s, vflohﬂedex W@W@Qerd | J6RS ondn;-lﬁ& st a

I'TB.] OI’I por fon O entum recel ve over

gaﬁr;[ateL@ﬁp 8¥p'?%iymrﬁ ulgn‘é gsﬁ?e?Q@%vgﬁisogeelwﬁeﬂtgl\’%@érﬁ@mf Wt BRIGaBORt SIMhKAT es

comnpr i Structure regardless of

whet h h t the fabricat i ol

Var | abPuSRget FO 16 rrs&ew?)@teﬁﬁi@é#&agé%és%mq@aﬁe?“ RAL ﬁa?‘#pe?fﬁ% g a
f t t t t t th .

por | ofassngbiea ey K anaer nUPShoRETeiBRM 18] HUF Pk SEPSYERHI, dhe e

second portion not conprising el enental silver. By way of exagfl e onl and
wi th rexpesing . divesigys! egst aad mRjoritya of - that ePAGiON pﬂfrfh%rﬁ"@'ﬁ"eﬁ t 88188 s s
20 conprising elenental silver conprises an exenplary first outer portion,
with t receivad @vepstheppattegiedfmass unte ithe paiterprdt massi ng an exenpl ary
second outer portion. A layer conprising elenental seleniumis forned over
the first afe devcentibrofdrthier ponteimpiatesThemetiad rodtfermingeapyssitver sadenidezi ng
conditions, by way of exanple only such as those descri bed above,
ef fect bdmpﬁeinbobfrueture ertfardlesseof athethet emichnis aditizod dinoties fabecdtions tof
portion with elenental silver to formthe patterned nmass to conprise
si | ver aSsabgRofiile aedishkandeeVayiabRl eigkideal Satiennethod contemplates forming a
substrate comprising a first outer portion and a second outer portion, with the
first outer portion constituting a patterned mass comprising 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



of a layer over the second outer portion fromthe substrate. Preferably,

the exposing renoves all unreacted el enental seleniumfromthe substrate.
Further, wandossasaccordance with the above-described pref @cratogotsetli ment ,
such exposing 14 WD 03/065456 PCT/ US03/01498 will, tend to, renove sone of

the, gﬁﬁ%@ﬂ' tésﬁ'hﬁﬂ\}éms?n@ ot el %Yé‘t"ﬁer‘i’t‘é?rseleﬁle BF IRk layer t ot . fHO Mrshe

substr pre erably rive at least a mpjority of that portion

of the %éﬁs'ﬁnﬁ&h el)igiikEC pLY nPiﬁéfeHlﬁ fijFiod é?coiéds@na' HibR)rIF%eof that

gﬁéther nmass f nore preferab Ieas d80 nol ar per cent rther,

Si n e er p S d
';):1: grnf(sfo{?t A I'ge g?@ﬁiﬁgfgﬁeh?%n@%ﬂﬁff P% tthhlsﬁlg{égsarltm | at eﬁ,pecon

e, exposin e _depi.c g ﬁpbogb

pr oces fdtefped an ss,ata%peggqre ‘gﬁ; %X A lr?%f 8‘% §Sent ?"F
the material within oenlng T {o)r?rredto co rlseeeIeZ?rgnlas?/a
Fi gs. ®Xposing Iﬂ’rﬁfﬂrﬁﬁl TS 4t %r Rattemedh JBRsRNt R i %a)hﬁm Jféé/ S m
t_he first described enbodinment are utilized vvhe apprqpri a
di f f er dhiskpeswiwhichnigi geeatar Bhan hits Juaximum drst d Eﬁs \Q‘F‘P%‘i %‘HY rRﬂPérhq s.:
Fig. .9 depicts an alternate elenental silver conprising material 20d

recei vddevaKMsing;peni ng 18. Such conprises a |ower exenplary gernmani um

sel enide portion 21 (i.e., preferably 40 percen ermani um and 60 percent
sel eni um, &gt atepisted| gndgabowE-deserthesd giabedi er&o ushqwirerocesses wherein

at least a majority and in one case essentially all of the material within
opening 18 is formed to comprise elemental silver. Figs. 9 - 11 illustrate an
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
comprising 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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el emental silver region 23. By way of exanple only, such could be forned by
sui tabl e deposition and planarization relative to insulative |ayer 16. A
sel eni umwomrsi4sé ng | ayer 22d is formed thereover. ReferpcagsopoEpy. 10,
substrate 10d has been subjected to the preferred exposing and renoving

processi ng (RiréMpg. IPF§ N9, AnotierdgehRbRNIM Sctdside clalyef 26¢e antiOa f S8dBrd
silver selenide mass 25d and to renove at |east sone, and preferably all,

unr eacigfshtRl ek s SofmbdMHidregvéne substrate. 15 WO 03/ 065456
PCT/ US03/ 01498 Referring- to Fig. 11, another germani um sel eni de. |ayer

26d and a nggngbo .aggg@rggdpi?egﬁbéaiﬁérﬁé r@é&&nﬁggggae%?pigmxeﬁgv&ydﬁ.%ﬂ{d‘d%ed

enbodi nents descri be an exenpl ary net orm a” patterned

S I T . _ . et
pat  or AbasBURT ) GRGRY Man S sonbiiclnd B AE! SivEED Suche otfepts

I t tially filli th ' i t.h tal, si | Si

ot or | SEPIoRENIRG ¢ HRERGTREH: BBNEGh LN SPeCIeNG EtRDel SVeF of niusizte
Ctch” AerAadessh BREEY, STk nPDabeh Vi oPBn BB galvero somipeitg g
12 depicts another alternate enbodi nent 10e, with |like nunerals_fraom the
first ongledrhent Howevgnrutthei Zeventien dreptempiaies b%'%gm%ﬁ‘i’n@apédf‘?/m'ﬂgt e .

suffix "e" or with different nunerals. Fig. 12 depicts the depositing of a
si | ver patterned mass comprising elemental silver. “By way of example only, one such

alternate process is described with reference to Figs. 12 - 15.

Fig. 12 depicts another alternate embodiment 10e, with like numerals from
the first embodiment being utilized and differences being indicated with the suffix
"e" or with different numerals. Fig. 12 depicts the depositing of a silver
comprising material . 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
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conprising material .20e. Material 20e : has been patterned, for exanple by
phot opatterni ng and then subtractively etching after the patterning. O her

patterni /g 306iIs@s | aser patterning or any other nethod eCcTpsos/enss ng, is

contenpl at ed, whether existing or yet-to-be-devel oped. Referring to Fig.

mass 305, FRETeryi g, By SRS, 0k, BRempERRls of Tilseontly 1S Ay

condi :ﬁrgrérecfféfa%é%g to react only some of elenental selenium22e with the
el enertal 'silver 0 forma patterned mass 25e to conprise silver sel enide.

Any of the - seri b pr.o NG, Jncluding i dat | [ 0CeSS
whi ch rem)\fg%géﬁlg 350%5’9'13%\7@&?%%%6 qg%ﬂh@lﬁ/ 6%%@33% ﬂgy%'sr)or%ﬁgassgn * i ng
t he expgro?i % i S _con eg?)l at gg of ours&, and are only preferred
exanpl RIETETEet 3800R] elscipge £8€ are, fRfmed othegRPYRni um sel eni de | ayer 26e
and a preferred second el ectrode 28e are forned thereover.,K The above
construct i o @PvEe capsiEustions ;Pa&r@reer%ifﬁcvabpmf&f%yt brigatgd to form
programmabl e netal lization cells over nenory and other integrated,
ci r cuiRTegrammablsnetafiizatiant pelisover ameneoryt Aadi athent indeomated wakwitiescr i bed
in language nore or |ess specific as to structural and nethodi cal _
features. Iln icomplianpe writherteoostatuienether | invention hbas nberni atescgibadt in
limted to the specific
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.
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features shown and described, since the nmeans herein disclosed conprise
preferred forns of putting the invention into effect. The invention is,

t her ef or ewo ocloed4sed in any of its forns or nodifications WwCThisas/otaes proper
scope of the appended clains .. appropriately- interpreted , in accordance
with tioeadms:rine of equivalents. 17 WO 03/ 065456 PCT/ US03/01498 CLAI Ms:
1. A nmethod of formng a non-volatile resistance variabl e device,

conpri si ng: 1f or NANGMathRAL t &F NBFAMIRF SaCHBH-ISEME SeSf@a@ Faliae Akiced
substrate; formng a |layer conprising elenmental seleniumover the

substrab@pifhg:i ncluding the patterned mass conprising el enental silver;
exposi ng the substrate to conditions effective to react only sone of the

Chomer ! SIS At b B Sorh D b SREt SRR
et ratel BOARE' 09 dhck FaS R HRB TSy bRt L Rl o
DoVt il i et S RG' Skerdaarc, Lol ectrioal
sel eni de; aggposing 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;
removing 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.

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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provi ding a second conductive electrode in electrical connection with the
germani um sel eni de conprising material. 2. The nethod of claim 1 wherein
t he patt ewoadossse conprises at | east 50 nol ar percent elpemarsbabid4gs | ver
prior to the exposing. 3. The nethod of claim1l wherein the patterned nmass

conprises a#. | eJHe Ghetddarofpadigigmt 1elvemeneia! thel Lig rpéérﬁbr|§|ﬁgt I'é‘?emental
exposi ng. 18 WD 03/065456 PCT/ US03/01498 4. The nethod of claiml

wher ei Belddigm lcaysprise@Rt | [£h8E' 9! BRI Pbrce‘iﬁf" él'éMéﬁt&PfBéiérﬁ&% gh etﬁsgh
nol ar percent el enental seleniumprior to the exposing. 5. nmet hod of
cl ai m gkpobpigei N the layer conprising elemental selenium corrpri ses at

| east 95 m)l ar percent elenental seleniumprior to the exposing. 6. The
met hod of claim 1 wherein the exposing and the renoving occur in a conmon
processing step. 7. The method of claim 1l wherein the exposing and the

[ el t t 8...Th t hod of
uher o1 n't he Sexpod g REOBN T ST nd %eirsﬁp e et G Rg s Renieh

conpri | east . 40C t no ere ch renoves unreacted
ol gpnenﬁgrggtémeﬁomﬁrws(ﬁ?gg??%@f pf 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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9. The nethod of claim1 wherein the renoving of the unreacted el enental
sel eni um conpri ses chem cal etching after the exposing. 10. The nethod of
cl ai m 1 vWerogiopssshre renovi ng of the unreacted el enental Pelrarsosim4eoONpPri ses
evaporation after the exposing. 19 WO 03/065456 PCT/US03/01498 11. The

met hod of ¢ ai %ﬂem@%&nﬁdﬂ SMRIAMP IS Vidserbi Nhe! BRpSsthg STdIAE" thémﬁéttéMed‘

conprise at least 5 ar percent silver selenide. 12. The nethod of claim

1 whepeida weccﬁﬁpﬁéénﬁ féys.'?%éh‘fn Rat EEF&%@ siffa? Ssdi@nfg@npri se at |east 80
nol ar ‘percent silver selenide. 8 The nethod of claim 1 wherein the

exposing drives at least a mmjority of that portion of the elemental
sel enium received over the patterned nmass into the patterned mass. 14. The

met hod. of ,glaim 1l wherein the.patterned. lse e 50
nol ar per cégt el 8freft 'Po‘ii‘?ff/é’fa"g‘ri1orWQ%r%fﬂ%§x%g§$%é,a f%rg%r g@%oé?ﬁgﬁ%grm ng
an outernost, portion -of .t atterned Ss to conprise greater than 50
nol ar "b%?spé‘ﬁtc‘gppvé? %tefeéﬁtdgg '%P[q{ Bﬁr?‘?{gsel?"ﬁ’@éts‘%SP €on of the patterned
mass remai ning at greater than 50 nol ar percent elenental silver. 15. The
met hod of claim1 wherein the patterned mass conprises greater than 90

mol ar percent el enmental silver prior to the exposing, the exposing formng
an out er mod8. pofheomethod hef paletrar dedvhergin + hec xpostg (Frivgserat 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: portionofthe patterned mass to comprise greater
than 50 molar percent silver selenide, with-an innermost portion of the patterned

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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than 90 nol ar percent silver selenide, with an innernost portion of the
patterned nmass renmaining at greater than 90 nol ar percent el enenta

silver. 200W06835065456 PCT/ US03/ 01498 16. The mnet hod of e@lcaiusodomber ei n
the patterned mass as formed prior to the exposing has a maxi mum first

thi ckness, t18 eXjesimghbdrefi olaihhe wheidierthedpamemedonizagead fSRneaUBtior
second thickness which is greater than the nmaximumfirst thickness. 17.
The nettbodhef expesimgl hazerei maxiBumeivst nahiglaEasesthl |e)kHUsﬂf§3tﬁ!i'miﬁ egRNt al
sel enium fromthe substrate. 18. The nethod of claim| wherein formng the
pat t er neftefAcé masdhol RVl £IneAaRiuf sddonar trﬁaméfsbsﬁﬁidi'ﬁpao%ré%ﬂég #3n the

el enental silver conprising material, photopatterning it, an

subt r aghhyigiom el thttkhkséf t er the photopatterning. 19. The nethod of claim
| wherein formng the patterned mass conprising el enental silver-
conprises - formng a patterned opening within insulative material over
the substrate, and at |l east partially filling the opening wth an

| t al P! ISl terigl.,, --.--: 21 WD.03/ 065456 PCT/ US03/ 01498
500 A ot hod Tor - AT ed e B LT wherei the Ao UNS | BRI RGe ol cunreatte

Comprl i éfental selenium from the substrate.
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.



formng a patterned nmass conprising, at lest 9:0 nolar percent el enental
silver over a substrate and to a first maxi mumthickness; formng a | ayer
conpri si ngoat/obaast 90 nol ar percent el enmental sel enium @earuSobreldstibstr at e
and including the patterned mass conprising el enental silver; exposing the
substrate t20condi tmethodefdfecforming oar amti-volatile srsistahcé heafheleendélice,
seleniumwith the elenental silver to formthe patterned mass to conprise
si | ver compeisinge, the exposing formng the silver selenide to be rich in
silver, and formng the patterned mass to have a maxi num second t hi ckness

whi ch is greminaig télafsetté}ﬁeaama@srrbwéﬁr&i@i@ﬁkl@@,ssao’trhsgaexaefdem dierfEntg the
patterned mass to conprise at |east 80 mol ar percent silver selenide, the

eXpOsi B by FubsHaR Fhd 8 O5 ! ikt Ghakiiiim BABkie; of the el emental

sel enium received over. the patterne mass, into thé patterned nass;

st condusriHis & dayer sERT ot Rlst ™50, ABIGr BeRetR bR nell, SEIHAg, °

first conductiv de i'nel ( W .
sl en, LTS ABSHEEed Metiib oY pPRe G L int 2ot e r PSRBT YBF | on
Conduct | ve STRRANGGES: RUBPEHE: 1R FoRdiPRE FORPHIE: 16 1 irechemns ol dhPde
conpriglier&genr{gf esfeilgrkihm Z\f%litr\l/\oth%slé)lg%dé%?alpgmgrs Ot%/ %rAfngigthe 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 least 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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21. A nethod of form ng a non-vol atile resistance vari abl e device,
conprising: formng a first conductive electrode material over a substrate;
form ng awoioamed4aé i ve materi al over the first conductive elcaatSosdasat eri al
and an opening therethrough to the first conductive electrode material, the
opening con@i.sify methedr ed foapiegofa ahoheadstile pesistamcedf varidblvaldevice,
resi stance setable structure of the device; filting the opening with an

el ementedmpiisimgr conprising material in electrical connection with the
first conductive electrode material; formng a | ayer conprising el enental

sel eni um ovebrrhing andirtatbN@udves eiddtrodntnatépibl tdvarehesiitaltesi | ver
conprising material within the opening; exposing the substrate to

condi tions gbirRflg WA (sUERE rﬁb@?ﬁpt@x}ersﬂ‘léﬂﬁr?‘f"}c @ﬂp?ii?’%%@é{ﬁédé hl‘?la{%rial

el emental silver, to format |least a portion o t? openi ng |
, . L enide: . I \ :
over S et pEFLET e IRN 10 HRE RS boRBER SeisRBoR: PETBE: HER: un
| eni [ .S materjal. | trical ti i.th the sil. :
el oni AP ATHBRRIR & b8ed] B G R, SSRCE: PRBn e chadh fagisiEnce

connectj Qn, w h rani um sel eni de conprising material. 22. The net hod
of cl aién%qﬁqlem%lg?éﬁuﬁet%‘gﬂ?—ﬁ(p%%‘f'ﬁ% forns at |east a

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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majority portion of the filled opening to conprise silver selenide. 23 WO
03/ 065456 PCT/ US03/01498 23. The nethod of claim21 wherein the exposing
forms | eswotohass4e6re half of the filled opening to conpri PETAISOYVEr498

sel enide. 24. The nmethod of claim?21 wherein the elenental silver

conpri si ng 23at efhiealmetopdr of edaiat A1eadterSid the axppeingefirn®l ¢eeNtiRAn Sdiever
prior to the exposing. 25. The nethod of claim2l1 wherein the el enental

si | verhaibrgdr the rfdledmapeningl te csompréses silvet e@$dni@5. nol ar percent el ement al
silver prior to the exposing.. 26. The nethod of claim 21 wherein the |ayer
conprising el enental seleniumconprises- . at |east 90, nolar-, percent

el emental seleniumprior to the exposing. 27. The nmethod of claim?21

wher ei n t hepd, ay athec ORBtHod & cRIIMMEA akheref) SNeUBISABRI Sghvert cbﬁf}g{sgﬁﬁ of

nol ar percent elemental seleniumprior to the exposing. The
claim SMIr 8l exHOosd d r Mo [ conmpn
procesrs%iétng stggﬁ’ﬁzr%%\s/\o)%sf%%?ﬂgg 5@%&8@%{@9@&8&%' Shvdr ?’WSP 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 80- molar- percent elemental selenium prior to the

exposing.
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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29. The nethod of claim21 wherein the exposing and the renobving occur in
different processing steps. 30. The nethod of claim2l1 wherein the exposing
and the rwomioesys6 occur in a comobn processi ng step conpr PETNHOR14bEast
400C and an atnosphere which renoves unreacted el emental sel eni um by

oxi dation tdger egfpe el'ilaeth-%e drethad oh %I@ér@ir?]{h\éh @b@lnbh%nﬂe'ﬁmé“ rfn&Ving he

unreacted elenental seleniumconprises chem cal ching after the
exposi fiskurih: diffsrelEL; @e%m 21 wherein the removing of the unreacted
el errenta sel eni um conpri ses evaggr ation after the exposing. 33. The nethod
of claim 21 wherein the exposing forns at |east 80% of the filled opening
to conprise silver selenide. 34. The nethod of claim21 wherein the

el ont um r bt v vERton Y SRR 27 -?W@ftt@%npe%%ﬂé hfe #ﬁ%%ﬁ%@%he

el enmental si.lver rising material. 25 WO 03/. 065 PCT/ U %01498 35
The neP¢t dp é‘?alcr?lr';gﬂoﬂh erfsYing fsit?FPecf’o(')‘bgr'ﬁ ﬂ% ??%tes‘/ﬁg

50 nol ar percent elenmental silver prior to the exposin t he exposin

f or mi NAMASPHEIRrWRISh FRINEVeR 'éﬂfe?ﬁ& o igleragnidh cseIRGIUT or?&fqaé@ngﬂé%f@gf t han
50 nolar percent silver selenide, with an innernost portion of the filled
opening renmaining at greater than 50 nol ar percent elenental silver.

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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36. The nethod of claim 21 wherein the filled opening conprises greater

than 90 nol ar percent elenmental silver prior to the exposing, the exposing
form ng awoaamesss®st portion of the filled opening to conpCTraesosn=as er t han
90 nolar percent silver selenide, with an innernost portion of the filled

openi ng 1 eg@i NifHE MetBbBSLEIiMaR1 Whereirithe SlRaNbpehia isds 7
The method of claim 21 wherein the insulative mat e?i al gﬁ?slﬁgn geeate?

subst afiihaldy/ MBI peRLA! Tishenfl” SARE dIcX kiR { SRl Bt a8foddifg

el emental silver conprising material within the filled opening has an

o A Sy ARy SITobng Y sntheraiatee .

3\;1{1;]@ b ( e exposi ng, I'ement onprising material

in e opening prior to.the o) | : ' fi e

e g BRI e b P SR LIS SN2,
ich is greater than t ' fi hi,ck . . [

21 uheFNANTRE 3t AtEHy thRoybaMalar BRieet, UAMeERanShVE el oni um from t he

substrate. 26 WO 03/065456 PCT/US03/01498 39. A nethod of forming a silver
sel eni de conprising structure, conprising: formng a substrate conpri sing

a first outer portion and a second outer portion, the first quter portion
conpri si ng 3B.patthe Heethedsel elaipr ?%i‘f{@e'@'%%ﬁﬁtﬁled opening comprises grBaler

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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silver, the second outer portion not conprising elenental silver; formng a
| ayer conprising el enental seleniumover the first and second outer

porti ons;wendoexdposi ng the substrate to oxidizing conditi @3/ush$/eads ve to
both, a) react elenmental seleniumreceived over the first portion with

el emental sBBver At onfedhod tdfe foahingy nad sSias tselenidpr | Q@mphgmgr seLanidle,
and b) renove elenental seleniumof the |ayer over the second outer

porti orcohipdisiidie substrate. 40. The nethod of claim 39 wherein' the

exposi ng renoves sone of the elenental selenium of the |ayer over the

first porti estriin@Mat Babstrdat E8kBristhy al APstTRuBRd pektic 3érﬁ]gage e ha! Butdie

exposing drives at least a nmmjority of that portion of nment al
sel eni i&F SIeC GV Eiitet ‘hhkS pe i t RS The
ot hod TP ol sty Blel Wortph CorifVicihg " ndlidingd Bt it iRG iemthtal’ 07
of that; td.an e . | epi um recep v el e first porti'on
into ttﬁg{?%éttb grﬁgéoi%s%&égwgﬁc&gﬁ@g%@/ %&ﬁgf}%g%"’%g The nmet hod of
claim 39 wherei.n 'the exposing.conprises a tenperature of _from about 40C
Lo about 25tRanig A7RyEh IRTRERIFS Eii SR PHE' aRe dirs M ARECRPons
conprise, an atnosphere conprising at |east one of N20, NOWO03, F2, and Cl2
outer portions; " and
exposing the substrate to oxidizing conditions effective td 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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45. The nethod of claim 39 wherein the exposing renoves all el enental
sel enium of the | ayer over the second outer portion fromthe substrate. 46.
The net howooB/oei4aé m 39 wherei n the exposing renoves all umCFasv& 0498
el ement al sel eniumfromthe substrate. 47. The net hod of claim 39 .

wher ei n- pat ern | se t (o rc ment al -
silver pr| o rhe grg%o ? E%i@h?’sﬁet l'loegéi(?‘)‘f @] aim %s'ﬁiercémf fﬁ'?% I%yer
corrprl In enen LHonprise ast 95 nol ar percent

el erren g?@*%ﬁl ﬁfn b‘?rf‘o? ?‘6 ?“@e& g&p%%‘?'ﬂg%ﬂ& *The nethod of claim 39
wherein the patterned mass as fornmed prior to the exposing has a maxi num
first thickness, the exposing formng the patterned mass to have a maxi mum
second t hi ckness_which is greater than the nmaximymfirst thickness. 28 WO
03/ 065456 P/ U0 oretwds®f ¢ialm ndP nyhersing the n?’g@'ZWQerC@PH't’PBPnFﬂ'@PE'ﬁ%
patterned mass conprising elenmental silver conprises de 05| t| n an

el enenaal atpiospdere obgnpesing atdeast ane PhdlpPat NOxni Ag: |

subtractively etching it after the photopatterning. 51. The rret hod of claim
39 wherein formng the patterned mass conprising elenmental silver
conprises formng a patterned opening within insulative material over the
substrate, 45\d arhd easthodaof ictdimy 38i Whergjnt the eppasing 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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with an el enental silver conprising naterial. 29

WO 03/065456 PCT/US03/01498

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 filing the opening

with an elemental silver comprising material.
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