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invention relates to the field of resistance variable
menory devices formed using a chal cogeni de glass and,

in particular, to an inproved nethod of depositing a
silver-selenide filmon a chal cogeni de gl ass.
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incorporated herein by reference.

[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-selenide 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
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techni ques, as the silver starts to diffuse to a | ower

concentration, it begins to agglonerate. As the

silver is tied up in clusters or aggl onerates,
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sputter deposition, or 'sputtering, 1s perfornmed by .
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evacuated qr, pressurized to a desired pressure. A
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! S@SYrgdtplEgssurc. A particle stream of the film material usually generated 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 ions imparts
sufficient energy to the atoms of the target to cause the energized atoms to leave 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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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
pfoccsscs 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

3



BRI EF SUMVARY OF THE | NVENTI ON [ 0010] An exenpl ary

enbodi nent of the present invention includes a nethod
w@boodepwsi ti ng a silver-selenide filmon a subBCT/EHSB3/026814

The nethod includes using a | ow pressure sputter

deposition process. Preferred sputter deposition

processes include RF sputtering or pulse DC

sputtering. Preferably, the sputter deposition wll

sieiieg Tier recoade S Rl B8 pari e et prissgpnhroughont
Tld %ﬁ PASLrERE of ¢13d SilEE- sﬁ@ﬂﬂﬁg igflf; ffju% Whhﬁer #%Tn}c? Ercssures of

stol chionetric precision e |nven
Rebduit 0! AToyr zh‘ﬁii‘:f ek PoweRLbtIeds than H@)@@@S‘@WZ B&B@ivention is also
PCT/ US2003/ 02681 depositing a silver-sel enide film
virsefud for depdisitingraliret-selerdd¢ &bms ¢emprising drotth alpinghmdtbeta silver-
an%él'? the surface of the silver-selenide film

c S, under sputter pressures of about 10 niorr
and sputter powers of |ess than about 250W the
i nv i's . -
oi 1 SOLEE, G e g B £ateer SRR il o the inyeprion will be
shdtuegrundestesd ffem {HODIbwiipedeadatld@cHptioh hich@spiilied in
advant ages of the invention will be better underst ood
fGanmeethen Ml ibgiaseompanying drasdsgsi ption, which is
provided in connection wth the acconpanying

b2, SRERESER b G
SPLILET TG, 1 P B Dl g

adelemidufilae dEfosipdhisitly dpfesiré 6620ithVef- sel enide film

deposited using a pressure of 10 mTorr. [0014] FI G

i is an SEM. i ma e of a_pul se DC sputter deposited
S| | V@013ke| enitdE. i Limage of agulse dEesputter dépagited silver-
diffraction scans

osFPe&e%eoé i Oéal%sllﬁe&é’rsmgsaei’ré:ﬁﬁuﬁ‘e of :fp r’?%a¥§’ﬁ uttered under
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[0014] FIG. 1(c) is an SEM image of a pulse DC sputter deposited 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 strl(lctural 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.
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). Bi). [0019] The present invention relates to a

process for depositing silver- selenide. In accordance
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consi deration on how'to apply electrical power to

sidltage and lienbdmbiaadments . Therefore, both electrical and thermal effects from
the sputter deposition process can influence the silver-selenide sputter target and
deposited silver-selenide film. For the above reason, sputter deposition requires

consideration on how to apply electrical power to silver-selenide 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 greater, 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 targets 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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DC sputter deposited silver-selenide films at various pressures indicate that low

pressure sputter deposition ranging from about 0.3 mTorr to about 10 mTorr
reduces and eliminates nodular defect formations. 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.
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which may help ignite the plasma. During the sputtering process, process gas
should be maintained at a pressure ranging from about 0.3 mTorr to about 10
mTorr, 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 applied
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 size 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 MHz and is preferably 13.5
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s%%l c‘f%‘bhﬁ%‘c?ﬂo%isub%ﬁah@aﬂ;ﬁ@ ui@ﬁi@rmo,ecil'lc\%ﬁ%recoﬁcentratiqn of the silver-

ver-sel enl target aving a silver concentration

QEleniieQitge6Gor Uxdrples#l7%.n Hbeepe, gendoallsjont prssure deposition
deposition process the deposited silver- selenide film,
wirbvidessreoathst spusteratnpesitad slveiopeleride Slps haaRg appefc precise
67.5% flnddéor ef B abl

silver-selenide stoic omeﬂ{y. The preferred low pressure used 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 mTorr 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



about 67% and nore preferably about 66.7% A |ow

pressure of from about 4 to about 5 niorr is
w@e@herwesl. There is a difference between RF SPUL/U£2003/026814

deposition and pulse DC sputter deposition in that

for pulse DC sputtering a deposition pressure of from

about 4 to about 5 niforr, produces a deposited

silver-selenide filmhaving a silver concentration

S morreferyily 150arasi el s geeired gl R gB0y WY fange, for

Ho || it i . '

QUGG b SFRFABbly L0 8 PLEREHIGuIARARIT, iy BrcftafiF Sbouc 200
REW, ML oRreTBY, g,owef: abSty aid pverSel einédents nRiycvhirp 6Bd € Will depend

The preferred | ow pressure used may vary depending on
tolnerhe ehdéeni systeof andyéortsimegafithe ragee xBoptmmpdgetargets foar inches or

target. [0028] Simlar tg the process described abpve

1418 waY EEEE MPENPOWE f TR PUISE TG Shorid Binge feom about 1000 ns
invent.i th utteri id i n accordance

WP ?Eoﬁwgibosggg%%%eé%%(ﬁ%@rgﬁgggﬁo&% gﬁes place in a

chanber, for exanple, in a Denton Vacuum Di scovery(r)
24, [ogpene a spithahkle thdbtacBincbiafisid a6 Wplafi €feSotiginiof
established first and a suitable process gas is
enptripental bloseevasions inuaomvidtheceise ¢dnnehdor debyen sputter
enbodi nent

dyring the sputterjng,process, the prqces
PSS uFolATHKIBE i 8P STEs: Sretcrns dgPd Cagied TFAgiany SpAHs RE and
t . 0 . . e , a .
B DG Pl A RO FUPblcBdpBiah id nsentor
Rbp Y TBiRE ah RISl thdF deplsilivn tpRocadsyr palksé DI spiitter deposition
anounts of power, the power applied during the

gpataseat logeppocsesrs toplepbsit hbtter prggisioarsgeichiopetdy sitysreclenide
bhet ween about 0 ttsfto about 500.watts and .8 WD b
Aod aseis. necscdeless fomeations qry hediin. Erasfingls, pisggure may be
. | ’
%h%& w@tﬁlldln ltrlgc:,e lﬁ ?Ee%&frgg t&%&ggka]fl_)é)ﬁg ?? (ﬂPYOZE ﬁlEO mTorr to

f'or exanp ween a about

e tubic PheiBleAbbiceiibtibn2@he kilver-stlenki¢dlm. pOhepower sources may
density and power requirenments may vary and t wi||

depenidd aswellh dllohsadigreatdmporiancg by devigeefabficatinn in that many
target. For exanple, targets four .inches or | er
Asyteningis dRpebgbieacentRuom bRt s +4dbe

; oglﬁr?nih . % Dn)ﬁc.gg {18 prdfCrrB®OMhe LS APY. | AR AlRIRRIN¢e low

\J

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



[0029] Although the exact mechanismto explain the
origin of experinental observations is unknown there

WO gooaozwshect i on between sputter pressure, i oPCRUSEN3G/G26814

energy, scattering induced energy reduction, and/or RF
and pulse DC plasma el ectrical properties. For
practical application, the inventors propose to use
an RF sputter deposition process or pulse DC sputter
deposition process at |ower pressure to deposit

wéichethepiedipras erboslyvicariredretbic sublarticss whdr ehe de umdergass 2
R P o 308 0t AR LBREaR hFr bha he As
st a-qjl&fdiffﬁﬁﬁi‘é.a?;? l‘dI’ledgl ﬁ@i(r@tg?'i ‘2’%9 e §O0sublattice will

mlorr to I ne tune t ver concent of the

alsb veidess) enictiéngd trhmitidine power sources may be varied

as well. This is of great inportance in device
fabrication in that many _devices require el enental
con®9ded at i onk acpEiRncy m@ﬁistpé%ﬁcm inyentioppl 4% desirable for the

oncentration) from the, preferred value of ,about .
GRPSIM T ey ok PR LR G o btEe LR e and bera stver
4Pl PhafesC BucR SRR iUsRIalfdr tRE %ﬁﬁﬁl ﬁc&&‘i‘n&rﬁ!‘: @ kértain
while still providing nore precise stoichionetric

devicenformed drusn silvesisklenide filins. iArverding no expprresent ihvemtion, silver-
target lifetinme thus reduci ng process costs. [0030] i
Aeleidgifitegs contapning besk alpha and hetaphasesymay §e dpamed ya a sputtering

BrRser badiehBion Mag uiT e BB bR Bt o o

desirable to control the crystalline structure of the
depwmaikqd si | VRE:-3Shei 6o xIrBPdiHra@idnVEIRBEk&ms 200, 220 of
(e.g. Ag2Se ) is well known for its |low tenperature

phaser depanised sibmer pademitle difmsl 08cak 1 slivowt art IBE) scant200 of a silver

e TR TR e NOEY T —

EBIPGLEbHE SR QARSI RRRYL 11335k pAIRBRUIGPIEREY mTorr,

a structural Change in

Bedd YSRER34A 3684 cary\D2 6 bf b BBvePRleAIdeHilm PpReitr depbilcddr a sputter

cubic sublattice, while the Ag undergoes a nelting
poaes iof B0A. Wiandtani argen sputit¢reghs flamptase phas e¢cnoywhich corresponds

"“superioni c phase," _ the Ag jons hibit liguid-1ike

dP ARYFER BeAresE AEACCEF Odndegy BC saRe 200, Sh6nev e, under
Whe latter conditions, alpha and beta peaks appear around 23 and 37 degrees in a
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.

10



al so undergo a nelting transition. [0032] In
accordance with the present invention, it is desirable
WO 20040210883 deposi ted silver-selenide filmto berdDUS®A3/026814
of a mixture of the al pha and beta silver selenide
phases. Such m xture is critical for the optimal
performance of certain devices fornmed from
silver-selenide filnms. According to the present
i nvention, silver- selenide films containjng both |
al PH85nd beWhilstths stystadlinapssrucsiseenf sUver sglespla @6 miggrure of
rocess, under conditions pof relat.ivelyower .
B phenass bedmpernb s she eptmad peafiics of devigsy
. Act] ' ¢ N .
R A
alfe6t dotide pegRiraandead désoribediabeve. dBNGS kd etk exrbntadecreases in
sputter power of 350 Wand an argon sputter gas flow
spatter poWEIOKINEIAASEAHN SRR PressyenERsuitan Alnp gxlpbitingzsrough
gr ssure of . ahout. .7 mlorr. Fﬁﬁan. 2 shovvé[ an XRD scfan re
SSHACePr yndgsirgd Stldigmcls ¢ priRRspin i SPHEFOR Ve Rt Pigssu
p?agetﬁéétggs n}gg)ﬁ’ﬁ{ st?&c\}ﬁlﬁgﬁﬁ%or - RAueE §ABoaPMdRAe ABSs bf @ desired

sccm sponds to a sputter gas
sBbiehiduice dhute stuctilies exhibitebash afpgha2@, b2 phafeawHowever, it
that, under the latter conditions, alpha and beta

sheuldsbapmehesizachthat indepandesyofidgmresess methog uagkiqproduce the
AR5 B PR kb B BSBB AT e

that a | ower energy inpact of silver selenide with the

subgbsét € duzigﬁgcora&%etﬁ‘tﬁ AGhH R ESpIRY endblliAeRFiRe

silver selenide In the deposited film™ Lower sputter
ipevyetiorgAdilhérgdebmnidgfilint arspprresdepamitdé amdas sputtter condigions such

energy inparted to  the sputtered silver se|enjde
thet g sracrurerpfsaidsilyer sekegideiln F@mem@r@tgﬁ? {hage and beta

I | ver,selenide.with the .substrate. .Further '

Sl e atibpitovslsnidh S HBte-Slboptel] Sif L3Rl bower ofess
8oat 95 £ shiRQEP JrEFRR! St 4t11€ast 3O 1@ Trr aF&fthermore,

E(lej(r‘?ﬁgnces tgmgg?/pﬁ% ph sre in the desposi ted film 10 WO

iMA/spAAEBSRITOMSRAORIDA RGP ttef POBBT is\Ws|than hleout 250W and the

crystalline structure of silver selenide (i.e., mxt rtﬁ

gprutter pressure is about 10 mTorr, a silver selenide comprising bo ¢ alpha

and beta 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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al pha and beta phases) is inportant for the optinal
performance of devices enploying such filnms, the film

W@ e@iokicehret ry and texture (e.g. snoothness) aP&DUS2003/026814
af fect device performance as descri bed above. Thus, to
the extent decreases in sputter power or increases in
sputter pressure result in filnms exhibiting a rough
surface or undesired stoichionmetry, a balance in the
sputter power and pressure__paraneters nust be struck
in order to produce smoot hCEeMMPde il nms of the

bt 1O8Ina and IR a6 ERE A i by Leters

epdasi:zed that, independent of the process nethod
used to produce the film it is desirable to have the
al pha phase present in deposited silver selenide

fil nmsl. [ BoB6ihodnofatrpositagsdvenselkenadet dumpkisixgnpl ar y
enbodi nent of the invention, a silver selenide film
IS sputt gfowlERE S SISC-LRMEde s?i’ﬂ@&% eond %}hﬁ#& such
that the strucTure of said silver gel enide film

conpriseg both the al pha phase and beta phases.
Speci f i caﬂ"gﬁ}ﬂ%ﬁ wgel enide is sputter deposited

using a sputter power of less than about 250Wand a
sputter prtesbging osputer|gassitoahiduthaifbenifwherein said
Furthernore, under sputter conditions wherein the

sputter RawRdr das is BgmdiR@adPpitksute gﬂ@(?\g[néggn}l‘?{wt ter

pressure is about 10 mforr, a silver seleni m
conpri si ng bot he. al ph and beta structural phases,
havi ng a@f‘?%ﬁiﬂf&%ﬁﬁ"ﬁti on approxi matel y equi val ent
to the silver concentration of a silver-selenide

sputter tendistingaspubtering proamss oh ssidrthgee to geddrrt s may
be fornmed on a substrate. [0037] Wi le exenplary

embodi meg¢sosabd sfieris@eaRlel @k . have been described and
illustrated, various changes and nodifications may be

made wi t hout epartjng . frogmthe spirit. or .scope of
the ifive F@ﬁ?tgﬂgé)&clﬂrﬁd‘l’)y‘%efﬂ’é S?Ja\%ﬁf’ﬁ%‘ff[ ?‘g’cr“not
limted by the foregoing description, but is only
limted $jenide fibodypeasilver koncayppeiodsst abloat egual td aWD
2004/ 020683 PCT/ US2003/ 026814 CLAI M5
silver concentration of said silver-selenide target.
3. The method of claim 2, wherein said silver-selenide target
has a silver concentration of about 66.7%.
4. The method of claim 3, wherein said deposited silver
selenide film has a silver concentration of less than about
67.5%.
5. The method of claim 3, wherein said deposited silver-
selenide film has a silver concentration of about 67%.

6. The method of claim 3, wherein said deposited silver-

selenide film has a silver concentration of about 66.7%.
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[0038] What is clainmed as new and desired to be

protected by Letters Patent is: 1. A nethod of
wale@aentdsBig sil ver-sel eni de conprising: proviPCHYSHE03/026814

silver-selenide sputter target in a sputter

deposi tion chanmber; introducing a sputter gas into

sai d chanber, wherein said sputter gas is naintai ned

at a pressure of about 0.3 nfforr to about 10 niforr;

and conducting. a spu}terln process on said target to

produe &ncaepbericd glaam 2, evhcsenepidailver-selenide fifrnduas

nmet hod of claim 1, wherein said deposited silver-

sel eni desibskamthdg ne widwardeasisent rati on of about
equal to a silver concentration of said

\?\jwle;/:lgnsgglg @?{ngLPem Jletg?nr géfs%q’ﬁéa%g dgﬁ’(% ver

concentration of ahout 66.7% 4. The nethod of claim
3, wher ePFPC&8) ig 2 digosputiey deppsjEPn Psegeshi de fil m has a
silver concentration of |ess than about 67.5% 5. The
met hofl. ofThelnadthiod of whéane, wisaeid sdelpsiciee reblre @inges
selenide filmhas a silver concent rati on of about 67%

6. The gx@ﬁlr id deposited
silver se%gﬁ&ﬂ b@%%a ver %gncent rati on of

abou % 004/ 020683 PCT/ US2003/ 026814 7.
oS el

The cpe 1 Srhreingaidspyticy depesfiemisde
filmhas substantially no nodul ar defects. 8. The

met hod operfdmned dsinghaspetter pawver mpgingefomedosik 100N
watts to about 500 watts.

11. The method of claim 10, wherein said power is about 150
watts.

12. The method of claim 8, wherein said deposition process is
performed using a frequency between about 100 kHz and
about 20 MHz.

13. The method of claim 12, wherein said frequency is about
13.5 MHz.

14. The method of claim 1, wherein said sputter deposition
process is a pulse DC sputter deposition process.

15. The method of claim 14, wherein said pressure 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.
13



process is an RF sputter deposition process. 9. The
met hod of claim 8, wherein said sputter pressure

WO 2003020683 r om about 2 niforr to about 3 mlorr. BROI/UI10E3/026814
method of claim11l, wherein said sputter deposition is
performed using a sputter power ranging from about 100
watts to about 500 watts. 11. The method of claim 10,
wherein said power is about 150 watts. 12. The nethod
of claim@8, wherein said dep05|t|on rocess.is
per f &7 med hggneigod Offﬁl@éf!}e]@)w ipsaid fxgaenc bebess and
about 20 MHz. 13. The method of claim 12, wherein said
frequencgo0kmhout 13.5 MHz. 14. The nmethod of claim
1, wherein said sputter deposition process is a pulse

SpUtt iRl cI aim
4, "M 2 SRRSO SR i SRR
mTorr to about, 5 mforr. 16. The nethod of claim 14
wher ei n BEPGESHE PePrNemh upps adudse width spngingenusi ng a
frequency between about 100 kHz and about 250 kHz. 13
WO 2004/ aBOmSBO(RGES t6Seiin/120881s4 17. The net hod of
claim 16, wherein said frequency is about 200 kHz. 18.

The ﬁ?t h% %C&I al c;pcﬂﬁ I’@%kﬁ:'r dj% ?éJ\tVIcﬁfx 1S abou&t h

dep03|t|on process 1S eﬁforne
rangi ng from about 1000 ns to about 1200 ns.
1056 ns.

20. A method of controlling a stoichiometry of a sputtér
deposited silver-selenide film comprising;:
sputter depositing a silver-selenide film having a
predetermined silver concentration using a sputter
deposition pressure in a range from about 0.3 mTorr to
about 10 mTorr; and
varying said sputter deposition pressure within said range
while depositing said silver-selenide film. l

21. The method of claim 20, wherein said silver-selenide film
has a silver concentration of less than about 67.5%.

22. The method of claim 21, wherein said silver-selenide film
has a silver concentration of about 67%.

23. The method of claim 21, wherein said silver-selenide film
has a silver concentration of about 66.7%.

24. The method of claim 21, wherein said silver-selenide film ™

has substantially no nodular defects.
14



19. The nmethod of claim 18, wherein said pulse width
is about 1056 ns. 20. A nethod of controlling a
watmiokicedret ry of a sputter deposited sil ver-Bel/E81008026814

filmconprising: sputter depositing a silver-sel enide
filmhaving a predetermned silver concentration

using a sputter deposition pressure in a range from
about 0.3 mlorr to about 10 niforr; and varying said
sputter deposition pressure within said range  while
depodf-t i Fhe swithod of gleim 28}, ahiceran saif sputar deppsitingt ifod

of claim 20, wherein said silver-selenide film has a

silver C}?&ﬂf(ﬂ‘ﬂi&d&ﬁéhﬁi@a bwle s gt foabdbbutll0(b¥atteds The

met hod of claim 21, erein said silver-selenide film

has a silyver. ncentrati on of about 67% 23. The

nmet hod o?bog}taaﬁ)%‘%%tg‘v\her ein said silver-selenide film

has a silver concentration of about 66.7% 24. The

met hd@ oflhel mewhogliof dlgiey 28 rviaerrid spid pevessisabanee59 i | m

has substantially no nodul ar defects. 14 WD

2004/ 020®8as.PCT/ US2003/ 026814 25. The nethod of claim
20, wherein said sputter depositing is perforned using

ap r ' r { .wat.t:s out.. 30
e 2 75 fsdhiod bR TLARDN, pifkitBhtipbiter BHRMIGEN .
is about 150 watts. 27._ The nethod of claim 20,

wher ei n Bafermgsetieg 2 &Fospution gepesitipe preficied usi ng an
RF sputter deposition process.

28. The method of claim 27, wherein said RF sputter
deposition process is performed using a frequency of about
100 kHz to about 20 MHz.

29. The method of claim 28, wherein said frequency is about
13.5 MHz.

30. The method of claim 20, wherein said sputter depositing is
performed using a pulse DC sputter deposition process.

31. The method of claim 30, wherein said pulse DC sputter
deposition process is performed using a frequency of about
100 kHz to about 250 kHz.

32. The method of claim 31, wherein said frequency is about
200 kHz.

33. The method of claim 30, wherein said pulse DC sputter
deposition process is performed using a pulse width ranging

from about 1000 ns to about 1200 ns.
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28. The nethod of claim 27, wherein said RF sputter
deposition process is perforned using a frequency of
W@boun2068D0 kHz to about 20 MHz. 29. The net hoPCD1S2003/026814
claim 28, wherein said frequency is about 13.5 MHz.
30. The nethod of claim 20, wherein said sputter
depositing is performed using a pul se DC sputter
deposition process. 31. The nethod of claim 30,
wherei n said pul se DC sputter depaosition process is
per f #-melhe matlod of FlaimSse fhsrein pridpulseoridriis abeusbout
250 kHz. 32. The nmethod of claim 31, wherein said
frequencypoiengbout 200 kHz. 33. The nethod of claim
30, wherein said pulse DC sputter deposition process

IS peggfo [ 1V € ing. . fr.om about
s R s S

PCT/ US2003/ 026814 34. The nmethod of claim 33, wherein
sai d pireedings plvessdenide sty taget Baving silgrnod of
depositing silver-sel enide conprising: providing a
si | ver ceftedmtationsgfubbeat 6barget havi ng sil ver
concentration of about 66.7% maintaining a sputter
deposi t aﬂ{iﬁgilﬁhﬁtt&f d@RRHor D BT OLE abdilt P8 HortO
nmrorr; “and perform ng an sd%t?er process on said
silver-selenide sputter target, wherein said RF
sput t eto ppowek® mbemsand deposited sil ver-sel eni de
film

performing an RF sputter process on said silver-selenide
sputter target, wherein said RF sputter process forms a
deposited silver-selenide film.

36. The method of claim 35, wherein said silver-selenide film
has a silver concentration of less than about 67.5% while.

37. The method of claim 35, wherein said silver-selenide film
has a silver concentration of about 67%.

38. The method of claim 35, wherein said silver-selenide film
has substantially no nodular defects.

39. The method of claim 35, wherein said pressure is about 2
mTorr to about 3 mTorr.

40. The method of claim 35, wherein said RF sputter
deposition process is performed using power ranging from
about 100 watts to about 300 watts.

41. The method of claim 40, wherein said power is about 150

watts.
16



36. The nethod of claim35, wherein said
silver-selenide film has a silver concentration of

wo e®s/02de8h about 67.5% while. 37. The met hod PET/TEB03026814
35, wherein said silver-selenide film has a silver
concentration of about 67% 38. The nethod of claim
35, wherein said silver-selenide film has
substantially no nodul ar defects. 39. The nethod of
claim 35, wherein said pressure is _ahout 2 mlorr to
abou42.3 Rirometharhof qlaien 88+ Wherean sad REspaterwher ei n
said RF sputter deposition process is perforned using
pover 1 adipiosidgioh! prtess RopirfokBtdmainga fieqabiyt of 30dut
watts. 41. The nethod of claim40, wherein said power

I s about thS, 004/ 020683

PCT/ USZOb@?ggg\g@ftb%ﬁ&gﬁiﬁﬁzﬁet hod of claim 35, wherein
said RF sputter deposition process iis perfqormed using
a frédueh VHW%QEF laim ¢@ wirereinsaghBEQUENSY AB00W3. The
met hod of claim42 wherein said frequency is about

13. 5 MHz13 44iHfy.net hod of depositing silver-sel enide
conprising: providing a sputtering a silver-sel enide

tar g%g hayl ék%gﬁ o%*&eiéSMB%?ﬂ&e?%fcﬁId OIbR r1 wt 66. 7%

and utter e 0S process
at a pressure ranging from about 0. %@r to about
10 nilor rprovigiag ajspugaipg pelagsreicaid eotéfﬁfst Eess

forms a deposited silver-selenide film
concentration of about 66.7%; and

performing a pulse DC sputter deposition process at a
pressure ranging from about 0.3 mTorr to about 10 mTorr,
wherein said DC sputter deposition process forms a
deposited silver-selenide film.

45. The method of claim 44, wherein said silver-selenide film
has a silver concentration of less than about 67.5%.

46. The method of claim 44, wherein said silver-selenide film
has a silver concentration of about 67%.

47. The method of claim 44, wherein said silver-selenide film
has a silver concentration of about 66.7%.

48. The method of claim 45, further comprising forming a
silver-selenide film having substantially no nodular defects
from said sputtered target.

49. The method of claim 44, wherein said pressure is about 4

mTorr to about 5 mTorr.
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45. The nethod of claim 44, wherein said
silver-selenide film has a silver concentration of

wo e@g/02desh about 67.5% 46. The net hod of cl ai PEBHES2003/026814
wherein said silver-selenide film has a silver
concentration of about 67% 47. The nethod of claim
44, wherein said silver-selenide film has a silver
concentrati on of about 66. 7% 48. The method of claim

T A I XN e T

sputtered target. 49. The nethod of claim44, wherein
sai d pr desositeon progbsus pdrfomial using adieguendy frdoy r. 17
WD 2004/ 020683 PCT/ US2003/ 026814 50. The net hod of
claim 4§bom@kﬂz§glagogyb§@k§% sputter deposition

process iIs performed using a frequency from about 100

out he .nmet. of cl ai
whoBLi n?@si%ctﬁpggggﬁw% w5t seis gt ey Baboshe
met hod of claim 44, wherein said pulse DC sputter

deposi t 200 kpfocess is perforned using a pulse width
rangi ng from about 1000 ns to about 1200 ns. 53. The

et hod qﬁlc%%ﬂﬂ%%’clﬂmeﬁe%c%‘lh@ma W& Wodphities about
1056 ns. 54. A method of dep03|t| ng silver-sel enide

Car get - HARSHREaY Do i 56 P RO B 794
perform ng a sputter process using silver-selenide
sput t er from about 1000 ns to about 1200 ns.

53. The method of claim 52, wherein said pulse width is about
1056 ns.

54. A method of depositing silver-selenide comprising:
providing a silver-selenide sputter target having a silver
concentration of about 66.7%;
performing a sputter process using silver-selenide sputter
target to form a silver-selenide film having a silver
concentration of less than about 67.5%.

55. The method of claim 54, wherein said sputter depositing is
performed using a deposition pressure of about 0.3 mTorr
to about 10 mTorr.

56. The method of claim 55, wherein said sputter depositing is

performed using a RF sputter deposition process.
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target to forma silver-selenide filmhaving a silver
concentration of |less than about 67.5% 55. The nethod
w@Rooghziess 54, wherein said sputter depositing PGI/US2003/026814
performed using a deposition pressure of about 0.3
nmlforr to about 10 niforr. 56. The nethod of clai m55,
wherein said sputter depositing is perforned using a
RF sputter deposition process. 18 WO 2004/ 020683
PCT/ US2003/ 026814 57. The nmethod of claim 56, wherein
sai b7RF Epumetghodiehdsim b6nwhersiresad B spartfesr med usi ng
a sputter deposition pressure of about 2 mforr to
about 3 qapRkitionProccsh @ peREdrafdalsitd @gﬁﬁ@é_l—,dc%ﬁﬁ%hn

said sputter depositing is perfornmed using a pulse DC
sputter depositjiqn process. 9. The thod of claim
Sb- wherenoEs PR 2o RTE i At HEHE o i s
performed using a sputter deposition pressure of

aboi8.4 "Riromethed abdaim 54nwherein id sputsendapssiting is
deposited silver-selenide filmdeposited at a

pr essur gy&foriiedMsatiospulie @)Gﬂ—ﬁﬁtrtett QepRBRISn Procestor T,

said film having substantially no nodul ar def ects.
61. Jhe fjlmof ¢claim®6 erei n.sai tter
Gepditt el efliod ol s Pa. YRFTH Fud Fubs ek licr ng o
silver-selenide target having a silver concentration
of | ess dépmsitiipds pedTirsed ugng aFputti Hepwitiar prasssg,
wherein said silver-selenide filmhas a silver

concent r &t b af mabeto 88ul® mder. The fil mof claim
61, wherein said filmhas a silver concentration of

abou50'67° osputtcr deposited silver-selenide film deposited at a

pressure of from about 0.3 mTorr to about 10 mTorr, said
film having substantially no nodular defects.

61. The film of claim 60, wherein said sputter deposited silver-
selenide film is deposited using a silver-selenide target
having a silver concentration of less than about 67.5%.

62. The film of claim 61, wherein said silver-selenide film has a
silver concentration of about 66.7%. |

63. The film of claim 61, wherein said film has a silver
concentration of about 67%.

64. The film of claim 60, wherein said silver-selenide film is RF
sputter deposited.

65. The film of claim 63, wherein said pressure is about 2

mTorr to about 3 mTorr.
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64. The filmof claim®60, wherein said silver-selenide

filmis RF sputter deposited. 65. The filmof claim
wWGN04mbie8Ei N said pressure is about 2 mlorr tRPCHDS2D3/R6814

mlforr. 19 WD 2004/ 020683 PCT/ US2003/ 026814 66. The

filmof claim®60, wherein said filmis pulse DC

sputter deposited. 67. The filmof claim66, wherein

said pressure is about 4 nTorr to about 5 niforr. 68.

A sputter deposited silver-selenjide filmhaving a
i 166 Tosibarirakimos)-oYhreBsaih i B 86 Suteso.
The filmof claim®68, wherein said sputter deposited
si |l ver - depbstiedde fil mis deposited using a
silver-selenide target having a concentration of

abo 66v. 7% .7 [ j iMRLeign said
si | éZ'r - g &Zéﬁnﬁnd(ge% ?ﬁ6ﬁ’a‘gﬁ%§g&sﬂ%¢&%§%gem r gt4|n on of
about 67% 71. The filmof claim®69, wherein said
si | ver - Sel@itaabent mmmbarra  silver concentration of
about 66.7% 72. The filmof claim68, wherein said
spubBer Adgyosr depositedwiiver-sekinédd filen havifg asgudrt er
deposited. 73. The filmof claim®68, wherein said

sput t erégﬁ&‘%‘?ﬁ%ﬂrﬁﬁl S\égﬁ%} g.l%glﬁrgﬁg%j s pul se DC sputter

deposi t epositing silver-sel eni de
a si|ver, selenide sputter

Car 88 " THLSlghoksem Ofepbarin Fie STBSIPORHE Bt ng
sputter gas into said chanber;

selenide film is deposited using a silver-selenide target

having a concentration of about 66.7%.

70. The film of claim 69, wherein said silver-selenide film has a
silver concentration of about 67%.

71. The film of claim 69, wherein said silver-selenide film has a
silver concentration of about 66.7%.

72. The film of claim 68, wherein said sputter deposited silver-
selenide is RF sputter deposited.

73. The film of claim 68, wherein said sputter deposited silver-
selenide is pulse DC sputter deposited.

74. A method of depositing silver-selenide comprising:
providing a silver selenide sputter target in a sputter
deposition chamber;
introducing a sputter gas into said chamber;

conducting a sputtering process on said target to produce a

deposited silver-selenide film, wherein said silver-selenide
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conducting a sputtering process on said target to
produce a deposited silver-selenide film wherein

W@ aiod/osicBy er - sel eni de 20 WD 2004/ 020683 PCT/US2003/026814
PCT/ US2003/ 026814 conpri ses bot h al pha
silver-sel enide and beta silver selenide. 75. The
nmet hod of claim 74, wherein said sputter gas is
mai nt ai ned at a pressure of about 10 mflorr during said
sputtering process. 76. The method of claim 74,
wher ei n cemgppises bothodphe siber-selpmide spst beseisHyerpr ocess i's
mai nt ai ned at | ess than about 250W during said
sputt erigggnileocess. 77. The net hod of claim 74,
wherein said deposited silver- selenide filmhas a

condant 1t Brcie ebSTRL 7 AVERe B bl Tar get.

78. The nmet hod of claim 77 wher ei n sai d
si | ver - saniatainks 2t pressure gk abowsi 10 aTarp dugngsaidi on of
about 66.7% 79. The nethod of claim 74, wherein said

silver - %9{1&emd§pf¢dcm is substantially f ree of nodul ar
def ect s.
76. The method of claim 74, wherein a sputter power of said
sputtering process is maintained at less than about 250W
during said sputtering process.
77. 'The method of claim 74, wherein said deposited silver-
selenide film has a silver concentration of about equal to a
silver concentration of said silver-selenide sputter target.
78. The method of claim 77, wherein said silver-selenide target
has a silver concentration of about 66.7%.

79. The method of claim 74, wherein said silver-selenide film is

substantially free of nodular defects.
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