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[0003] In many memory cell designs employing chalcogenide materials, a
film of silver-selenide (Ag,Se) is incorporated with a chalcogenide material layer.
The silver-selenide film is important for electrical performance. Accordingly, silver-
selenide deposition is an important aspect of fabricating the resistance variable
memory device. Most available research in silver-selenide deposition is limited and

evaporation deposition is normally chosen for silver-sclenide film formation.

[0004] Silver-selenide deposition by evaporation has an attendant problem
because the dissociative properties of silver-selenide make it impossible to achieve

precision stoichiometries of silver-selenide. It is believed that in evaporation
1



preci sion stoichionetries of silver-selenide. It is
believed that in evaporation 1 16 February 2007

techni ques, as the silver starts to diffuse to a | ower
concentration, it begins to agglonerate. As t

silver is tied up in clusters or agglonerates,ngem”myzmn
seleniumis nore readily available for evaporation in

t he begi nning of the evaporation process. Thus,

during evaporation techni ques, seleniumis evaporated

nore qui ckly, causjng the osition target to becone
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sputter deposition, or sputtering, is perforned by
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fil Mdesired pressure. A particle stream of the film material usually gencrated from a

target is then generated within the chamber and the deposition occurs by
condensation of the particles onto the substrate. In another sputtering technique,
often referred to as ion beam bombardment sputtering, a high-energy source beam
of ions is directed toward the target. The force of the bombarding jons imparts
sufficient energy to the atoms of the target to cause the energized atoms to lcave the
target and form a particle stream. The resulting deposition upon the substrate forms
a thin film.

[0007] Due to the high diffusion property of silver, low melting point of
selenium, and the memory properties of silver-selenide, controlling the

stoichiometry and morphology of the silver-selenide film during sputter deposition is
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[0007] Due to the high diffusion property of silver,

| ow nel ting point of selenium and the nmenory

properties of silver-selenide, controlling the.
stoi chi onetry and nor phol ogy of the silver-sel enide
filmduring Sputter deposition is 2 16 February Feeyay 2007
difficult. For instance, silver-selenide bulk materi al

is conductive, but its conductivity (about thousands
ohm'cm) is relatively |ower than that of nost

metals. Al so, silver concentration is critical_ for
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filmconprising both al pha and beta silver-sel enide.
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stoi chiometry and norphol ogy of “silver-sel enide for
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have.a nef ho f formn tter deposit.ed .

o | VilFertileBife i copis PR s sl senide.
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An exergaod]y embRdidBabe Yesitdbh B8R ihi?l’&:@ﬁ'nﬁ’&hod of depositing a

i ncludes a” nethod of depositing a silver-selenide
fi | msilogr-salenidesfilrmt ke wokile alvetbl aidsirabdd tedkesre a method of controlling the

stoichiometry and morphology of silver-selenide for sputter deposition. It would

further be desirable to have a method of forming sputter deposited silver-selenide

comprising both alpha and beta silver-selenide.

_ BRIEF SUMMARY OF THE INVENTION
[0010] An exemplary embodiment of the present invention includes a
method of depositing a silver-selenide film on a substrate. The method includes
using a low pressure sputter deposition process. Preferred sputter deposition
px:occsscs include RF sputtering or pulse DC sputtering. Preferably, the sputter
deposition will occur in pressures ranging from about 0.3 mTorr to about 10
mTorr. The invention is particularly useful for depositing a silver-selenide film with

better stoichiometric precision. The invention is also particularly useful for sputter
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using a | ow pressure sputter deposition process.

Preferred sputter deposition processes include RF
sputtering or pulse DC sputtering. Preferably, the
sputter deposition will occur in pressures ra

f$0n1about 8 3 niforr to about 10 ﬁﬂorr The |ﬂ§g§9P%H2007
is particularly useful for depositing a silver-seknide
filmwith better stoichionetric precision. The

invention is also particularly useful for sputter

i | CORAGE 4R tARC Dl BAUE FrmepRBITSH o, ﬁst%gh@amamn throughout
and Qﬂd bA%hS WirkRE %f e GI0&-Rln¥ R fIGE! ﬁg%lgﬁ tqu%IEk#gtﬁ pressures of

Finally, under sputter pressures 0O

and aboutt M mTovess] splirleepowel i labehih aBoOVE50WEthe invention is also
invention is also wuseful for_depositing

si | vapefuldpedeppsitmg sifketcsslepidedilmg comprisiaghiosh alpha pad heta silver-
silveLznige!l eni de. [0011] These and other features and
advantages of the invention will be better understood
fromthe follow ng detail ed description, which is

provi dg@0ih] conMhesd ol oththfehfigesaedUIRARYFR S the invention will be
dr awi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012]

FI G bettenundersgepdsfram tha dellowing dewiled dexcrippon twhich is provided in
d | eni de. f deposi ted usi
or b5 SoMECPh bYR e BE0 i VBB ) (TS an S i rmge

of a pulse DC sputter deposited silver- selenide film

deposi ted usi N@RIEF BESCRIPIION GFTHE DXYWINGS
1(c) is an SEMimage of a pulse DC sputter deposited

si | ver -[0882Eni deFIGI hiad éposSEMdmage ofj 2 puse EX3 spatarfdefosited silver-
mror r U& é@l shows two X- r i ffraction scans

of d&f QFWEF usipg @ frepsunciof Y Y08t er ed under

di fferent sputter pressures and powers. DETAILED

DESCRI Réof3 OF THG! %Wiﬁﬁﬂi‘a@: of 3 éfuﬁg Bek #Mposucd silver-

detail ed description, reference | to various
specsdmnd@ﬁmmdqwmmtdamdgpqm&mmso§¢baﬂlhﬁﬂts of the
i nvention. These enbodi nents are described wth

tsgf L'r ggﬁﬁt@d te L:I %I(t}ol(sc a0l Séﬁ%ﬁlggg L()If Llp se an ts;t]uettc?'rcfcpositcd silver-

selenide film deposited using a pressure of 3 mTorr.

[0015] FIG. 2 shows two x-ray diffraction scans of deposited silver

selenide films sputtered under different sputter pressures and powers.

DETAILED DESCRIPTION OF THE INVENTION
[0016] In the following detailed description, reference is made to various
specific su-Ll_lctu.ral and process embodiments of the invention. These embodiments
are described with sufficient detail to enable those skilled in the art to practice the
invention. Itis to be understood that other embodiments may be employed, and
that various structural, logical and electrical changes may be made without departing

from the spirit or scope of the invention.



invention. It is to be understood that other

enbodi ments may be enpl oyed, and that various

structural, logical and. electrical changes may be

made wi thout departing fromthe spirit or sco %$

the invention. 4 16 February 2007 [0017] The Bgf ruary 2007
"silver-selenide" is intended to include various

speci es of silver-selenide, including some species

whi ch have a slight excess or deficit of silver, for

i nst an 2Se, .. 96, and Ag2, .. Se, 18] ,The. . .
torm - AR Z8gen 3095 e ARG iend ifieddE various species of -
var i gier-s4aine shith@Rg Sbik GhetiQSviRas Rl slighe8RBisSor deBBit of silver,

g
Goup VIA (S, Se, Te, Po, 0) alone or in conbination

wi t hicgslinsres AgSonfgy, SaparidAg,SB¢. Ge) and/ or group V
(P, \As, Sb, Bi). [0019] The present invention rel ates

to a pr, for.deposiking silver- selenide., In .

accor GARBEEL th THE SR SrTRoReniis gy ds Rpaded tgyinglge various
exanpBpodch stil@ides bked RRAHlerdh I HRH GréyF VIR ?Si, $e0Te, Po, O) alone
sputter deposit silver-selenide. Also in~ accordance

Wi t hot imecambieatiarowith sldmesits Setnegrodp IV Sk IG) andfbrygroup V (P, As, Sb,
depogited using an RF sputtering process or pulse DC

sput Qring process. [0020] Silver-selenide itself has

el ectrical nenory properties, i.e. conductivity, and ‘
sputte Siti EESH r [ o siver-
currengPdﬁggltaggﬁgﬁggion %%ﬁ%§# ng%¥?a hg%%?g?g&@g%?%gmhwr

el ectalémidd. dndcdobdama with the dhventibaowt pressapas] dffior example, 0.3
deposi tion process can influence the silver-sel enide )

sput ot g thaut dQdnTaepysiused tosspukker dsppsitiltver-selonide. Also in

For . t By [ i .
o AR G5 o O - ARBRR AR e wing an K
si | Vﬁut&ﬁhQ@r@@sdﬁgﬂﬁ&&Dd@Q&&ﬁn@?ﬁﬁﬁssﬁ he conductivity

of silver-selenide is relatively [ower than that of

nost mnit als, D.C_sputtering has not worked. Regul ar .

DC nagh@826h spubileriselgnidgitselfbasclersieal memasg propertics, i.c.

ff i . .Dri il b h | ic i |
o1 oG IRl DR RS bR L BSIR IS 18Rl
depofdlidge AndliolbaMBArdM @S S Uhefefor?; Both Aketéal 48d Bkl effects from

or greater, result in filns with either |ower or
hi ghthe sputter deposition process can influence the silver-selenide sputter target and

deposited silver-selenide film. For the above reason, sputter deposition réquires

consideration on how to apply electrical power to silver-sclenide targets.

[0021] Since the conductivity of silver-selenide is relatively lower than that
of most metals, D.C. sputtering has not worked. Regular DC magnetron sputtering

attempts have not been effective, primarily because the plasma is not easily ignited.

[0022] Depending on the target age, sputter deposition at higher
pressures, €.g., about 20 mTorr or ércatcr, result in films with either lower or higher
silver concentrations than the desired stoichiometric silver concentration of about
66.7%. It has been observed that high pressure deposition, e.g., about 20 mTorr or
greater, of relatively new targess using RF or pulse DC magnetron: sputter deposition

result in silver-selenide films having silver concentrations of only about 60%, which is
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silver concentrations than the desired stoichionetric
silver concentration of about 66.7% It has been
observed that high pressure deposition, e.g., about 20
mlforr or greater, of relatively new targets usgi RE

or pul se DC magnetron sputter deposition resuﬁbegwumszOT
silver-selenide filnms having silver concentrations of

only about 60% which is 5 16 February 2007 ruch

| ower than the desired stoichionmetric silver

concentration of, 66. 7%, It has al so been observe

hi gRyshdewss thagahe, gFStlﬁcéﬁEm%h.l@mFﬂ%Po%‘H?f %ﬂm@ﬂ&% 864, Tt has
gre r : . sl pg

B At beer? bbucrfedthal igh o AeBBLBOHN. B ab0uc 0 MT0R%r greatr, of
si | velacvesit 6fditehetsi dsitiy RBvi pglse DU aiaghetion sputtdridepssition resultin
hi gher than about 67.5% [0023] The inventors have _

di séiveasdanidn flmyhadng Hlyes eomventratons higher than ehaut 67.5%.
deposition processes at | ow pressures rangi ng from

about [?)0%3?”1-“ R iIIQQ'IFBILIS h%\gc Ao Ver aP RF‘&Z%ISE DC magnetron
deposit nore precise stoichionmetric silver-selenide

fi | Bputedti deposidon prat@ssaostubarprestifs trengding fahi sbbut0.3 hiorr to
film It has also been discovered that the . oo .

si | wbputsH) Bfotemay bgatsed: neensisitinpreamesigetoighiometrifesilver-selenide

RTS8 e S e LA SRR o e
Pr © Qlise Sveté P Lt R HlvES-SlIEROBbd S chrngfﬁ%hfbh%gEs @Rer theWfetime of

ilver-selenide targets. [0024] F 1 shows SEM
i maghstapgetsazbthan tiesuse of rdow piessuredputtendepogitiad grocess allows for

silicon wafers with silicon nitri filnms havi .

pul PEGE SE‘BEFPP'@F“&e‘F&@F‘PefEOmQ?th efcf aed BRI sveF sp g targets.
about 500 Angstrons thick. The silver-selenide filns

shown 1goa4f! G o )MJED bAHARATHIRAH fprBaucti

a Dent[or?aé/ cuumj%ﬁgg)es\t/lg%?rg 24%%%0%% W th gﬁh netion
105@rade siliconavaférs wlith silivonaiaiiedias thapingarpusedPCyspofter deposited
150 W A, silver-selenide target having . )

st off -@#ﬁmdpéil@iqf\aép%gq{béns mohigh  Adssiivasselenidg fims shown

use d | | - hde. fi] ' ;

e AR by B Bl fip Ben SR PR ADiscoveryo 24
Si | ¢ePOSRERWHIR a (T056Ts Pulse Wil @ anBAQBREREpOWEH supply of 150 W. A
that low pressure sputter deposition ranging from
abosilveg-sgleniflo targebhasting a stoFhiroetric silvargopecnsragion of about 66.7% was
el im nates nodul ar. defect. fornmatjons.. |t bserve

el & fepp (AEHR entt Rl SEEHRSHE L SEMRIGECS of the pulse

Pr €350 surtdr depositddilive iR filmshit Fafods pré&iires indicate that low

pressure sputter deposition ranging from about 0.3 mTotr to about 10 mTorr

reduces and eliminates nodular defect formatons. It was observed that a silver-
selenide film deposited using high pressure, i.e., about 20 mTorr, has a silver
concentration higher than about 67.5% and has nodular defect formations on the
surface and through out the film as shown in FIG. 1(a); as shown in FIG. 1(b)a
deposited silver-selenide film formed using a low pressure of 10 mTorr has relatively
few nodular defect formations; and as shown in FIG. 1{c) a deposited film using an

even lower pressure of 3 mTorr has a smooth surface with no nodular defects.




concentration higher than about 67.5% and has nodul ar
defect formations on the surface and through out the
filmas shown in FIG 1(a); as shown in FIG 1(b) a
deposited silver-selenide filmforned using a |

pressure of 10 niforr has relatively few nodul ég\e{ebr“awzow
defect formations; and as shown in FIG 1(c) a

deposited filmusing an even |lower pressure of 3

mlforr has a snmooth surface with no nodul ar defects. 6

16 February 2007 [0025] In accordance with a first, )
enbodi[ﬁﬁzﬁ]ycf t Fre acapwdanice with afist pmbediseng of ghe inyengion, a silver-

i t d i ted usi RF it it
or oA SHarE e SERRE Fng R P S ryfroces ata low
m¥o?fcs§u?c ﬁﬁ’%ﬁg #OmNbuE 0. PR RPfFLatRAR 8T PbY, arkbbEe preferably

ofr to ab 3 mlorr, to provide a silver-selenide
fi | abde\2 mF ok tot dbeut 8 mBorm arpiavidecefibert-slande fimshaving little to no
concentration of about equivalent to the si]ve

conBedipdafents and & silyer GenccaEpEnp @k 2batitgary Blitq the siver
S pchSchrcngﬁ&‘f‘ bfa ELRJ%F%ILMSE Fﬁg&gﬂhg %o spuctdP'dep8¥it the silver-selenide
exanpl €, ere a siIver-selefirde target having a

si | gk, Bonecmiplatwitde afsilverdeldhideGarg¥ having € silicncddventRition of
sputter deposition process, the deposited silvgr-

sel aPRUEG: 1% in ueed in Han/RF spustendaposiag BreGess timdepositedadiver-

t han,about, 67.5% and .pref erablv. a 9 :
or orespy bins S P BGL s E o PRio P Brtels R 4P ST nd preferably
t heabdltd7% SPRGHBREHly hbSud 60.2%! A0ProdBi ik Gccesddiicé with the first
silver-selenide targets of any age, while still

pr ovinbodignentsyftibe Ewenkiposiay bd used farrsilwartselonigle tangetmof any age,
havi a.silver, concentrati.on out —equi ¥al ent to .

¢ haPhilF Silhprayidiog A spRRerAcposEes HVEr st B Biiu f siver

t he _si = ' ' ; i@ ta d to deposit
pr occ:é%ésdilﬁauglg%géu an ughivﬁ ﬁ‘g %%iﬂkgiﬁgﬁb%%nen?ﬁ ct)fusc © oot
t he thosileart ehmidd filen.sput t eri ng deposition generally

takes place in a chanber. An initial base vacuum

pressyre is established first. The initial hage yacuym,.
pr essu0826ay bgna@ugtamﬁgrcgcﬁlgggmrggnchaba} st embodiment of

Pr el 06L bR A0 WIRLAN,y b Glc BN dihiBer. An

pr ogfiss lasvacalifprdssaee FRbtabsheddirg! Thefihitabhsse vacuum pressure
rangi ng fromabout 0.3 mlorr to about 10 nilorr,

pr efnay Aslapy suivghle grasswm inswdingpremures highersbin aliput it mTorr,

mro erlﬁchTQSy B&S‘i&&%c the plasma. During the sputtering process, proccss gaé
should be maintained at a pressure ranging from about 0.3 mTorr to about 10
niTorr, and preferably ranging from about 2 mTorr to about 3 mTorr. The process
gas may be any suitable sputtering process gas, for example, krypton, xenon, helium,
neon, argon or combinations thereof, The preferred process gas is argon. Although
not wishing to be limited by to any particular amounts of power, power applicd
during the sputtering process preferably may range, for example, between about 100
watts to about 500 watts and is most preferably about 150 watts. Power density and
power requirements may vary and depend on the chosen system or sizc of the target.

For example, targets four inches or larger may require more power. The preferred

RF frequency is between about 100 kHz and about 20 MIIz and is preferably 13.5
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gas may be any suitable sputtering process gas, for

exanmpl e, krypton, xenon, helium neon, argon or

conmbi nations thereof. The preferred process gas is

argon. Although not wishing to be Iimted by tg_a

particul ar anmounts of power, power applied dur@ﬁﬁw’ﬁr@zom
sputtering process preferably may range, for exanple,

bet ween about 100 watts to about 500 watts and is

nost preferably about 150 watts. Power density and

power requirenments may vary and depend on the chosen__.

sy's tMHzorAs Ezemplirytshetteadepesition Fystern iaihs| Rentpn Vgepun Discovery®
four_inches or |larger may require nore power. The

prefzé*r-red RF frequency is between about 100 kHz and

about 20 MHz and is preferably 13.5 7 16 February

2007 71A0 eXBIRE S in&PWirh & seGABATBIRMeAY 6 tiFinv@ntion, silver-
the Denton-Vacuum D scovery(r) 24. [0027] In

accaeldaiieds sptter depesitod disiegiaquilsedDE sphittethdeposiionpressss at low
silver- selenide_is sputter posi t.ed ing a pulse DC.
sputRressuges snging GamAtuE 83 la'tdfeorfow aboug i@ﬁgeffrtg REPYde asilver
from abotlte; 0y liga(ﬁﬂ-ro{ {ﬂvEnﬁctﬂQQﬁﬁa&le Lokt EQuildiont v @h@silver

si | V&I seﬁlem %17 mhavi ng a silver concentration of

aboWonestitraRinesTta dilfert tfnidel timet uednoeapurrat daposiv thesilver-selenide
silver-selenide target used to_sputter deposi

t the .
si | vidm. sRoregyaunple, whern a ulyer-sslenign @raciharipsa silver concentration of

silver-selenj de tarqget havi a silyer . ' : ver-
i oo 5 5L B P R AGR R thd Oposic sve
de p%k&ﬁm RAES e khAvERBRSINkAH0S IDF YRS thanabent 6 5%iandpreferably
wi | ave a silver concentration of |ess than about

67. Sihoan 67 Hrantlanade] prefeebliuabod? 66 A% Adew pesere o fogn about 4 to

about 66..7%. A low pre re of from abput 4 a oy
5 nRHORE Bgmibpais Prederredr e fia SITGPre PEES™ Bk FRaR! fgposition and

sput el - | ddp@Sitibl f
¢ hatB ks BEPPRt Aepdion BihaGoPuBE G BufeRgs depasidbh pressure o

f r onfredQibloné 4116 abbetS nBLor,produqes adiepesited stlegressienisl¢ film having a
silver-selenide filmhaving a, silver cqncentration

subssilen dasicrytration yhsentialyequiralest to the Uneeancrairatee of the silver-

of the silver- selenide e for e 9 .-
PP RS o0F S ORY P28, sl Blsp BN 16 ppre deposition
Smo ngll?a%fdé Bbb&{er SRR deB8sifell|siedr-ssRhiie fll@s haViiB a more precise
havihg a nore precise silver-selenide stoichionmetry. )
The silves-srlemide stoichjmessur &he pecfemed) lava psessiap asrd may vary depending

on the condition of the target, for example, age of the target.

[0028] Similar to the process described above in accordance with the first
embodiment of the invention, the sputtering deposition in accordance with the
second embodiment also takes place in a chamber, for example, in a Denton
Vacuum Discovery® 24, where a suitable initial base vacuum pressure is established
first and a suitable process gas is employed. However, in accordance with the second
embodiment, during the sputtering process, the process gas should be maintained at
a pressure ranging from about 0.3 mTotr to about 10 mTorr, and preferably ranging
from about 4 mTorr to about 5 mTorr. Although not wishing to be limited by to
any particular amounts of power, the power applied during the sputtering process
preferably may range, for example, between about 100 watts to about 500 watts and

8



on the condition of the target, for exanple, age of

the target. [0028] Simlar to the process described

above in accordance with the first enbodi ment of the

i nvention, the sputtering deposition in accord e

with the second enbodi nent al so takes place iﬁ@%emuaw2007
chanber, for exanple, in a Denton Vacuum Di.scovery(r)

24, where a suitable initial base vacuum pressure is
established first and a suitable process gas is

enpl.oyed. ver . in accqrdance with t sgecond
enbdtHehREcLathy §50 FHs Spahepy m&w&&?@? HRPREL Bnge, for

gas d i | Ij 2
bRl byt b [P Rt an] JBORES0 REL A 1Py abour 200
r angiiig Homexenq power dersitp and powabriquirbmelinmay vant dmdigwill depend
not wishing to be linmted by to any particular .
aro U theshogsagysteny and /(95 Wize of i tegstd For Feanple targets four inches or

sputgerin S referahly .

pet vee! B MR IG5 ndiF, Wil Rl Blng? B3R pfour 1000 n
Febrigabyu? D200 h$ aiPiiprefe bl #duy 1056 neat t s and the

preferred pul se DC frequency may range, for exanple,

bet ween about 100 kHz and about 250 kHz and is .
pr ef er E12P] about Althonglkthe expisipschrnismageplaimdicopigimel

power requir nts..my.va and, t _wll depen
ChocereagerahPataspa s R Thintc 1 4 ko RREPE pofich gucer

t ar gatsufeOldn LiRCReen Ry, stAfIRE if@YceHWheldyGefBRIND ME or RF and
The 'pul se" wi dt h should range Trom about 1000 ns  to

abotuledDC plsmndedtsica) pedprrtadsl Foalpoaticalepelication] dgdgientors
Al t hough the exa rrechaaismto expl ai n Lge o(_r:iagin %f ..

ex peRIPRR (R USE AR &E SRUEERH SRS UANETSLTSS O 8P A sputter deposition
Con a) . . o . _ .
ol HhR LI A0L S ABRPM e gy sl
and filmslané alidp catuise defeec forimatibnomw per filie sAcdepdingly, pressure may be
practical application, the inventors propose to use

an Rarishwithin thrdewpressyre pase e&&o'@rawge?p md agpa akout 10 mTorr to
depagsi t.ion r.ocess at. | ower.pressure to 0S#

per Lt BRCEHBETE R EHERS R ST ARy 5 he popeg sources may
and wvaiidd aodiellarrhsiek oF kreaf i rt2a8 i Hediftefabritation in that many
Accordingly, pressure may be " varied within the | ow

pr estayices requiye elmdntdmonbuutationgslighelyrdevistesidgt, +14% at.

mrorr to fine_ tune the,.silver cangent jon,of the, .
i | VOPCISTASIORd SO g P ﬁgrcgaf\ﬂ,{y,c @aﬁpegégk”gy 'A% ordingly, since low

pressure sputter deposition can also be used on relatively old targets while still

providing more precise stoichiometric concentrations of silver, the invention expands

the target lifetime thus reducing process costs.

[0030] According to the present invention, in addition to controlling the
stoichiometry and morphology of silver-selenide during sputter deposition, it is also

desirable to control the crystalline structure of the deposited silver-selenide.

[0031] Silver selenide (e.g. Ag,Se ) is well known for its low temperature
phase transition point of 406 K (about 130°C). At temperatures below 406 K,
Ag,Se forms an orthorhombic structure, known as the “beta phase.” At.

temperatures above 406 K (about 133°C), Ag,Se undergoes a structural change in

9



be varied as well. This is of great inportance in
device fabrication in that many devices require ,
el enental concentrations slightly deviated (i.e., 2%
at. concentration) fromthe preferred val ue oﬁsibgut 2007
66. 7% Accordingly, since low pressure sputter ' eruay
deposition can al so be used on relatively old targets
while still providing nore precise stoichionmetric
concentrations of silver the invention expands the
tar | if redu0| g process.costs. [ 0030
nc o JPRIF s s B DRGE e Eis DI GBI nd NG AR gndergoes a
cont [ 4] @ »
il v‘*éf“’é% “Sﬂ%‘@éﬂdﬁé Flae S Gl R g DTS Yol pliasey” he Ag
des iiomsdxhittivliquidilike ldiffiséonc rAtsdrathd De76 K (89713, tie Selsablattice will
dep ited silver-selenide. [0031] Silver selenide
S0 02 meltpe ransikioRn for its | ow tenperature
phase transition point of 406 K (about 130C). At
t enmper S bel thar
<t :TE o fjfrdgﬁ? N omlﬁ‘g.scé& A aﬁ§ﬁ>a &h%v@ﬂu&{ PRGN Efor the
t enpiepadined afvazelenidé@mito (lﬁkfﬁﬂhchBﬁnmU&&Qtﬂ&hH nifthagad deta silver

a structural chanaﬁ in 9 16 February 2007 which the
Se Pelemde ahasss mistaee ig catical ftshe pptimel pwfqrrr@n@mf certain

Agl gﬂ%@i@éﬁgg@gﬁlfm% lssxfaflczg?cl%ﬁ&n%ag\é:w c{{%poAém S;?rs%gt mvcnnon silver-
exhisélehidt s éoﬂthiﬁﬁlgdbcﬁlﬁ%kﬁ%d%taaﬁlﬁd&dmiylﬂg fdHiRA#ia a sputtering

C, the Se sublattice will also undergo a nelting
tr amg@qeﬁﬁmdqr eosditionnofisbtivels hewecryiowerf highgr prsesate.
i nventi on, i's deS|rabIe for the dep05|ted

silver ni de forne

al pha I;\O%ghﬁet a SI-fIF{]g F‘Jéyﬁ w %14(2320 of
i's @pm&ér%bo&&ﬁ SI0& &I&ﬁd&ﬁiﬁn@e%&rm £f Xﬁﬁ"&ﬁh P00 of a silver
devices fornmed fromsilver-selenide films. According

to wtenide 8hvrputtervdnposiced atsi sputrer payaalfS30GF abid amsargon sputter gas
t th al ph d bet h be f
U1 = TGt Hgm, S‘Pgtégé%rca&a%ﬁee 3 TP RS Pigssire of sbout 7 mTorr

|
e U OIS B i i
Spupbeer oEFEGW eud a1 higeh Sﬁﬁh&rgad ﬁofvl fatsof BLalml wichGorresponds

an XRD scan 200 of a silver
to a sputter gas pressure of about 10 mTorr. The scans 200, 220 show that, under

the latter conditions, alpha and beta peaks appear around 23 and 37 degreesina
glancing mode 26 XRD scan.

[0034] While not being limited by theory, based on the XRD scans 200,
220, it appears that a lower energy impact of silver selenide with the substrate during
sputtering yields more alpha phase silver selenide in the deposited film. Lower
sputter power and higher sputter pressure decrease the kinetic energy imparted to
the sputtered silver selenide molecules, thus resulting in a lower energy impact of
silver selenide with the substrate. Furthermore, it also appears that heating the
substrate to an a temperature above room temperature (about 25 C) also enhances

the alpha phase in the deposited film.
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selenide filmsputter deposited at a sputter power of

350 Wand an argon sputter gas flowrate of 50 sccm

whi ch corresponds to a sputter gas pressure of about 7
nmrorr. Scan 2 shows an XRD scan 220 of a silver

selenide filmsputter deposited at a sputter p8kEprugy 2007
350 Wand an argon sputter gas flow rate of 75 sccm

whi ch corresponds to a sputter gas pressure of about

10 mlorr. The scans 200, 220 show that, under the

latter conditions, alpha and beta peaks appear around

23 anfo®B5]degr eBile theacryshlline stoartwshd sth@r xeenide 4ie. muxture of

0034] Wi ' limted,by th b d
TGN DR R A e ST

i, LY BlmsS Bl SRS olth folﬂ-rcttxgﬁn PetutalcSs. Ghidotehess) als
spu%ﬁélro?%'ésﬁ%txe ss’gkore aﬁ.ﬂwa phase glttl ver@{scg% eni de icﬁs) ) ?
t heafftepdsiideqitriorhancel B\iescribed abder. Troweto thecxkingldeereases in
sputter pressure decrease the kinetic enﬁ&’gby xilh%arted

to SPUHEr BRWen AriBereasch IeIPUstEr BRFSTIEE Frovls &, filods exhyfyang a rough
resulting in,a l i . ' L,eal

w tIPeBHE s e WSl TRRHEY 8 HBREL e Bt ionng ot pfRsure

heagiridefehemust stk tn bRied fo prddepsnostl elcaitefilms ofthe desired
tenperature (about 25 C) al so enhances the al pha

er ph :
phasteichioniduy aieipplsise strutfurenexhibittboth aiphi apd bgtopymses. However, it
[ 0035] ile the grystalline structure of silv
Lot i be prmghasizegtchit, Rdebfiidshh obfs Hee pistiaiElsed go produce the
I mp i 8 BRRER iRfdcp6Miedaiver selenide films.
enp%?ﬁ%%ﬁfﬁ?‘%l%& dtq%!!elplf?f?m st oi chi omg ry and
texture (e.g. snoothness) also affect device
per f o{f836k as Hescordeade withwethirdireoemplaty embodimeag of the
decreases in, sputter power or i,ncreases,in sputter.. .
pr ¥R, asilyer %‘%ﬂﬁﬂ IR SAREIST EFRRTET PBATHPRL tfflitions such
or HNEQs thﬁfin&E QS22 QiR SleniBe RBH empritdd Hole isPalpli£phase and beta
power and pressure paranefers nust be struck in order
t 0 phaed)C8pegifiedlly) sibel sréride isishumerafepbiieediesing @eputter power of less

stol chionmetry and whose structures exhibit hoth al pha

an dﬂmwboﬂhég@éf. andARPREGET PICpsuLe HE%FI 1%@%%"%&%&%?& Filtthermore,

t hat, ,i ndependent.. of _t.he .pr . d th
or otes SPREET SolicHe e (R (s BORELs 6 Btfabont 250W and the
Phags, ik 9@ire i alldRP A9 thTrrSh bilver sctelidfilgie comnbrising both the alpha

[0036] In accordance with a third exenplary enbodi ment |
of tbbeta structural phases, having a silver concentration approximately equivalent to

the silver concentration of a silver-selenide sputter target, and being free of surface

defects may be formed on a substrate.

[0037] While exemplary embodiments of the invention have been
described and illustrated, various changes and modifications may be made without
departing from the spirit or scope of the invention. Accordingly, the invention is
not limited by the foregoing description, but is only limited by the scope of the
appended claims.
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invention, a silver selenide filmis sputter deposited
under sputter conditions such that the structure of
said silver selenide filmconprises both the al pha
phase and beta phases. Specifically, silver sel enide
is sputter deposited using al&putter power of |dgbruary 2007
t han about 250Wand a sputter pressure of at | east
CI8BMB 10 nTorr. Furthernore, under sputter conditions
wherein the sputter power is |ess than about 250W and
the sputter pressure is about 10 nmflorr, a silver
1. sel enipgtahdd loh depositingi N dayeptdf silver-adlphide tanfbrinet gportion of a
structural phases, having a silver c¢qoncentration
resigiBIcs YereRle mpmagy dgWre saidipethed,eomapmsfRg: concentrati on
of [ - i.fle- t : [
our AP 3 3B BRI GoMin Bh o Ao Bp T108 e b bputer
dep¥sition eroesysl dirynge tieofirmimg of ehidt pertionvefnsdid mémeny desuge and
descri bed, and .illustrated, various changes d .
a1 & ARG PSRl G0 UR ToR AR §0 i Lo g the
prvibd dftsaldf deﬁbﬁﬁﬂﬁ%‘%fa}cf fifet-EMENEL Blin hAGRS fiH fgthilla JfX,Se, where
Invention rs not [imted by the foregoing
x islelsmrt 2ptnd duayingstibstantiatiy yo noduleedefbstst he scope of the
appended clains. 11 12 16 February 2007 CLAIMS 1. A
nmet hod of depositing a |ayer of silver-selenide to
2. formg Rethbi YT Qhinf 1 fifths taMPASMATTHARING FARIBIlVer-selenide film
device, said nmethod conprising: depositing a . i
haging va silver| emicdeirdtionneh abeit cagaplk éyy ensityer goRestiatigeof a silver-
us.i,n sputter deposition process during the form ng
SelS’FldggTagerEZ'rti on of said nenory device and rmaintaining
a deposition pressure of about 0.3 mforr to about 10
mlforr during the process of said depositing, said
3. si | vdwe-aetheq iofielaim| 2ywhergimepid sidvarselenidg matengl aggginates from a
. re X i bout 2 and having substantially no
Sﬂ%\éo}%ﬁ‘%glrdé&%régﬁts. 2. The nmethod of claim11 further
conprising formng said silver-selenide film having a
silver concentration of about e&u ilver

al] to .a, i
4. conddwst mgthagn obfclains3 weereig epaithi 4 eﬁﬁ?lg?la‘al targgt hpjea silver
| ' ' i | ver-sel enide
ol Pl gl 13 gt i fyronde
5. The method of claim 4 further comprising forming said silver-selenide film on

said object having a silver concentration of about 67 atomic weight percent.

6. The method of claim 5 wherein said silver-selenide film has a silver

concentration of about 66.7 atomic weight percent.

7. The method of claim 1 further comprising forming said silver selenide film

having a silver concentration of less than about 67.5 atomic weight percent.

8. The method of claim 1 wherein said sputter deposition process is an RF sputter

deposition process.



silver selenide target. 4. The nethod of claim3
wherein said silver-selenide target has a silver
concentration of about 66.7 atom c wei ght percent. 5.
The method of claim4 furthg{ co_nprising_formngllssF_aejngawzo07
silver-selenide filmon salg obj ect having a silver
concentration of about 67 atom c wei ght percent. 6.
9. The Thetrheshod of clainng svherrin shid passyresrangey friog) abgel mTorr to
fil.m a silver concentration of about 66.7 atomc
ab%%ﬁdﬁ?g%ércent. 7. The method of claim1 further
conprising formng said silver selenide film having a
silver concentration of |ess than abgut 67.5. at

10ei e pehed M. claim ¥t St PP AAROpItigRoiSoPFTIQIEed using
i b j tt
pofBtiahEia Db 200 WS fpdhouP 56w s, SOUT L £

on 'process. ruary 2007 9. The met hod
of claim9 wherein said pressure ranges from about 2

mrorr to apout 3 mlorr.. 10.. The netho cl,aim1l
Hyherde ﬁleé%ﬁfofi%ﬂm l whersisomid maver & bta”? 1 ng
power ranging from about 100 watts to about 500 watts.

11. The nethod of claim 10 wherein said power is about,
12150 Thatrigthod 2f clhire $rethemin sdid aleppsition whesess is prafogmed using a

depositjon proc [ rfor ing a frequency
FreainRY L ASBEPOHOO DML S PREAT BB Wk~ 13, The. met hod
of claim 12 wherein said frequency is about 13.5 Miz.
14. The nethod of claim 1l wherein sajid sputter
13 depddi matiodofodains] 3 whereim daefrexgeneypistabent WeDBFi%.i on
process. 15. The nethod of claim 14 wherein said
pressure is between from about 4 niforr to about 5

14NTOMMhe réthod BE cih Nothefeirt b4l Rpdtfer Wikpo€tion pededss is a pulse DC
deposition process is perfornmed using a frequency

spWter dleRasitimaeces®0 kHz and about 250 kHz. 17. The
nmet hod of claim 16 wherein said frequency is about 200
kHz. 18. The nethod of claim 14 wherein said sputter

15depQhictrh@hodbDelRRs 14swipseeih Gaidestessure is between from about 4 mTorr

to about 5 mTorr.

16.  The method of claim 14 wherein said deposition process is performed using a

frequency between about 100 kHz and about 250 kHz.
17.  The method of claim 16 wherein said frequency is about 200 kHz.

18.  The method of claim 14 wherein said sputter deposition process is performed

using a pulse width ranging from about 1000 ns to about 1200 ns.
19.  The method of claim 18 wherein said pulse width is about 1056 ns.
20. A method of controlling a stoichiometry of a sputter deposited silver-selenide

film forming a portion of a resistanie variable memory device, said method comprising:

sputter depositing a silver-selenide film onto a chalcogenide glass layer to form



using a pulse width ranging from about 1000 ns to

about 1200 ns. 19. The nethod of claim 18 wherein said
pul se width is about 1056 ns. 20. A nethod of

controlling a stoichionetry of a sputter depositgfeenmary 2007
silver-selenide filmformng a portion of a

resi stani e variabl e nenory deyice, sajd, nethod

saigo BEFLON; 9: said pMemory desYics: ¢ REFeH <Said, SJePesifing process| s a
S R S s e e
abele o3 it Torgtopaboat $6& niTasr, aaidpilecedetenidentlin bating the formula of Ag
concentration using a sputter depositi ressure in a
Ser WS Xrip BAFUt4iABgthaping s Apisfly ngioglay &F‘r‘]'r%a’r"ﬂ sai d
si | A ' i Jiveon e Qfringthe process of
mhe@%l(é?gﬁgbgg%efrgggand haé@%%%ﬁgﬁ?ﬁ%?g?%y no gr?gldul? ar
depiesiteng wijd sihdr-seleyidefilmai d sputter deposition pressure
within said range during the process of depositing
said silver-selenide film 21. The nethod of claim 20
21Whergienndd ! M8t SB) Sitiedéinf sdidn diRgr-Beledilly efilm has a silver
concentration of |ess than about 67.5 atom c wei ght
copeentretion ofless e ot 3 atdmic| vegightPErégAkr ei n sai d
silver-selenide filmhas a silver concentration of
about 67 atom c wei ght percent. 23. The nethod of
22¢| aimhe2 etk @if Nclgigh K 1S v heedin S edi€ ndider-kélbniddaiing has a silver
silver concentration of about 66.7 atom c weight
copganiratien oDapoutrh 2 aleptinygisht PTEitm 20 wherein sai d
sputter depositing is performed using a power ranging
fromabout 100 watts to about 300 watts. 25. The
23met Ifed  efetliddaion AdinhEr aitiersini shid osibver-selemiloufilm Fps a silver
watts. 26. The nethod of ,c¢claim20 wherein said sputter
copeapiation plrbioyt 6@ ptame eight BETCsA RF sputter
deposition process. 27. The method of claim 26 wherein
said RF sputter deposition process is perforned using
24a f riguacibyd of ciimu20 kBerekizaid epatitayutepaitingizs p@mikdeusing a

nmet hod, of , cl aj m 27 wherein sai,d frequency is about
poygr sanging f%?a#?fgzlﬁgt%"d t?)f‘b‘?ﬂtéﬁ%wfgs'v\her ein said
sputter depositing is perfornmed using a pulse DC

sputter deposition process. ‘
25. The method of claim 24 wherein said power is about 150 watts.

26.  The method of claim 20 wherein said sputter depositing is performed using an

RF sputter deposition process.

27.  The method of claim 26 wherein said RF sputter deposition process is

performed using a frequency of about 100 kHz to about 20 MHz.
28.  The method of claim 27 wherein said frequency is about 13.5 MHz

29.  The method of claim 20 wherein said sputter depositing is performed using a

pulse DC sputter deposition process.



15 16 February 2007 30. The nethod of claim 29

wherein said pul se DC sputter deposition process is
performed using a frequency of about 100 kHz to about

250 kHz. 31. The nethod of c|.aim30 wherein said

frequency is about 200 kHz. . The met hod of cl};ﬁ'FﬁbﬁLﬁwzow

wherein said pul se DC sputter deposition process is .
30per fidermethad jof plaimp2d séheginisaidmmsi RG Tvuer derasitionoprgeess is

0 ut 12 n im 32
eeffabd R MR Bty PORZR0 M 20 KL 5%,
nmet hod of depositing silver-selenide to forma portion
of a resistance variable. nmemry device, gf'd t hod
31conmpiieanaiged pESlaipusd BheripBad Trdsnay & 2bpet SULKER| e
target onto a chal cogenide glass layer to formsaid
portion of said nenory device, wherein said depositing
32pr ocResmbhsd af ldine?9 wherehe shid giulenDES spaltter) tefgitatnopriocess is
wei ght percent while nmaingainin putter d ition
pepERad iunt Palss it TR PO 9D 00 Rt 200 P¥ng
the sputter depositing process, resulting in a
silver-selenide film wherein the silver-selenide film
33has Theanétbodrof clainf 32ghSejn sidpelsxwidth abahont X056amsd has
substantially no nodul ar defects. 35. The nethod of
claim34 further conprising formng said

345i | V;féhieﬁﬁidedﬁcfé?osﬁiiﬁ%%ﬂmweﬁda_t@'fdmearp&ﬁa@ 8P4 kidtaee Ghriable
l ess than about 67.5 atom c weight percent. 36. The
meraoryalgvisk, saiduingth®d cimprising: sai d sil ver-selenide film
has silver, cqgncent.ratign .of . about . 6 1.C el ght
por da Epuse dengilich HhR-orios eG4 BHESAGi4fd &tayer v
foRh 8518 YWoktidrS o PR inegndiYf devicé,OviRdReittsaidl depbeiting pBdtessThas a silver
met hod of claim 34 wherein said RF_sputter deposi %_idi)n i
copeangretien pEabqyé A7 arampid Wizl perseniewhilamgintyning snipaieRdeposition

oS8t GRS S Bre b RRaRY 00 ng G
resMiiSin Adilvertbederiied fild, of cl ai m 34 wherein said RF

sputter deposition process is_. perfaqrned usi n‘g a .
f r ediesiein tgqa siyswelensls iy hasoths fermuls @ ¥ &xSe, where x is about 2

and has substantially no nodular defects.

35.  The method of claim 34 further comprising forming said silver-selenide film

having a silver concentration of less than about 67.5 atomic weight percent.

36. The method of claim 35 wherein said silver-selenide film has a silver

concentration of about 67 atomic weight percent.

37.  The method of claim 34 wherein said pressure is about 2 mTorr to about 3

mTorr.

38. The method of claim 34 wherein said RF sputter deposition process is

performed using power ranging from about 100 watts to about 300 watts.



41. The nethod of claim40 wherein said frequency is
about 13.5 MHz. 42. A nethod of depositing
silver-selenide to forma portion of a resistance :
variable nenory device, sai Pel met hod conpri sing: 44 February 2007
sputtering a silver-selenide target onto a
chal cogeni de gl ass |ayer to formsaid portion of said
39nendihy atbet el clam %“%erﬁm spid prverds abat 1a@pedist i on
process at a pressure ranging fromabout 0.3 niforr to
about 10 mlorr during the sputter deposition process,
40sai diei negiods ef edlzite Iandeteimasaih R splteredeposition process is
concentrati gn of abqQut 6 tomc Lght percent,
PeHAANGOY SRS %aqgﬁnwe abqut iﬁg Hﬁzm Fl?ﬁ%ﬁﬁ h\ﬁlgz
substantially no nodul ar defects fromsaid sputtered
target, wherein the silver-selenide filmhas the
41f or rillleanethod\gf Gaim dheherein sad frbquencyis abegt 13rhdet hod
of claim42 further conprising formng said
silver-selenide film having a silver concentration of
42! e HhakdaltdboSifngsiBleRIEIEniE kY rmREF SBBA of 4 fesisldiRe variable
met hod of claim 43 wherein said silver-selenide film
mdénaeryalesickysaid method eomprisingn of about 67 at omi ¢ wei ght
percent..45. The nget of claim44d wherei ' .
BF SBPhisec TP e Gip pniltoBRGE fhef Myl g form said
poftRRUbT B8id/mdhRr ek Ihéinper pelsé DA Gputkbe degishivg plocess at a

claim42 wherein said pressure i s about 4 mlorr to ..
pregswigtrangingfiony abony 0.3 éomde Rbeit d raTerr drung figespaiter deposition

T R S L SR
welghtberdehati@r y 2007 48. The nethod of claim 47
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having a silver concentration of less than about 67.5 atomic weight percent.

44, The method of claim 43 wherein said silver-selenide film has a silver

concentration of about 67 atomic weight percent.

45, The method of claim 44 wherein said silver-selenide film has a silver

concentration of about 66.7 atomic weight percent.

46.  The method of claim 42 wherein said pressure is about 4 mTorr to about 5

mTorr.

47.  The method of claim 42 wherein said pulse DC sputter deposition process is

performed using a frequency from about 100 kHz to about 250 kHz.
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memory device, said method comprising:
sputter depositing a silver-selenide target having a silver concentration of about
66.7 atomic weight percent; and
forming a silver-selenide film on a chalcogenide glass layer from said sputtered
target having a silver concentration of less than about 67.5 atomic weight percent, said
silver-selenide film having the formula of Ag,Se, where x is about 2 and having

substantially no nodular defects.

52.  The method of claim 51 wherein said sputter depositing is performed using a

deposition pressure of about 0.3 mTorr to about 10 mTorr.

53.  The method of claim 52 wherein said sputter depositing is performed using a

RF sputter deposition process.

54. The method of claim 53 wherein said RF sputter deposition process is

performed using a sputter deposition pressure of about 2 mTorr to about 3 mTorr.

55.  The method of claim 51 wherein said sputter depositing is performed using a

pulse DC sputter deposition process.

56.  The method of claim 55 wherein said pulse DC sputter deposition is performed

using a sputter deposition pressure of about 4 mTorr to about 5 mTorr.



