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devices, and in particular to the netal doping of chal cogenide materials
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[0003] Chalcogenide materials are compounds made of one or more chalcogens and

one or more elements that are more electropositive than the chalcogens. Chalcogens are

the Group VIB elements of the traditional IUPAC version of the periodic table, i.e.,

oxygen (O), sulfur (S), selenium (Se), tellurium (Te) and polonium (Po). The more

electropositive elements are generally selected from Groups IVB and VB. Typical

combinations for non-volatile memory devices include selenium and/or tellurium with

germanium (Ge) and/or antimony (Sb). However, other combinations are also known,

such as combinations of arsenic (As) and sulfur.

[0004] To obtain the desired electrical characteristics, chalcogenide materials are often
doped with metal, such as copper (Cu), silver (Ag), gold (Au) or aluminum (Al). Figures
1A-1D depict the fabrication of a simple chalcogenide memory element 100. The basic
structure of a chalcogenide memory element includes a first electrode, a second electrode
and a chalcogenide material interposed between the first and second electrodes. Additional
detail of chalcogenide memory devices, as well as examples of variations on the basic

structure of a chalcogenide memory element, are given in U.S. Patent No. 5,998,244 issued



structure of a chal cogenide nenory elenment, are given in U S. Patent No.
5,998, 244 issued WD 03/020998 PCT/ US02/ 27526 Decenber 7, 1999 to
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be applied without altering the resistivity of the doped chalcogenide materials. These read

potentials can be applied to the chalcogenide memory elements for sensing the resistivity

of the doped chalcogenide material and, thus, the memory elements’ data values.

[0007] Unlike dynamic random access memory (DRAM) devices, a non-volatile
memory device does not require a periodic refresh to maintain its programmed state.
Instead, non-volatile memory devices can be disconnected from a power source for
extended periods of time, often measured in years, without the loss of the information
stored in its memory cells. Chalcogenide materials best suited for use in non-volatile
memory devices will thus tend to maintain their degree of resistivity indefinitely if an

applied voltage does not exceed the threshold potential.

[0008] In Figure 1A, a first electrode 110 is formed and a chalcogenide layer 115 is

formed overlying the first electrode 110. As noted previously, electrical characteristics of
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applied voltage does not exceed the threshold potential. [0008] In Figure
A, a first electrode 110 is formed and a chal cogenide [ayer 115 is forned
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thickness of the metal layer 120 should be chosen such that the desired doping level can be
attained in the doped chalcogenide layer 130. However, the metal layer 120 must be thin
enough, e.g., hundreds of angstroms, to allow transmission of the electromagnetic radiation
125 in order to produce the desired photon-induced diffusion of metal. As shown in Figure
1D, a second electrode 150 is then formed overlying the doped chalcogenide layer 130 and
any remaining portion of the metal layer 120 to produce chalcogenide memory element
100. As with the first electrode 110 and/or the chalcogenide layer 115, formation of the
second electrode 150 is also typically performed in a vacuum chamber. The second
electrode 150 is preferably a material having a different work function (¢m) than the first
electrode 110. The work function is a measure of the energy required to remove an

electron from a material’s surface.

[0011] There are several disadvantages to the traditional photo-doping brocess. The

process can be time consuming as the semiconductor wafers are moved in and out of a



second el ectrode 150 is also typically perforned in a vacuum chanber. The
second electrode 150 is preferably a material having a different work
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The plasma contains at least one noble gas of low atomic weight, such as neon or helium.

The plasma has a sputter yield sufficient to sputter a metal target and a UV component of
its emitted spectrum sufficient to induce diffusion of the sputtered metal into the
chalcogenide layer. Using such methods, a conductive layer can be formed on the doped
chalcogenide layer in situ. In integrated circuit devices, such as non-volatile chalcogenide
memory devices, doping of a chalcogenide layer concurrently with metal deposition and
formation of a conductive layer in situ with the doping of the chalcogenide layer reduces
contamination concerns and physical damage resulting from moving the device substrate

from tool to tool, thus facilitating improved device reliability.

[0014] For another embodiment, the invention provides a method of forming a doped
chalcogenide layer. The method includes sputtering metal using a plasma containing at
least one component gas selected from the group consisting of neon and helium and
driving the sputtered metal into a ]ayei' of chalcogenide material usihg the UV component

generated by the plasma.



formati on of a conductive layer in situ wth the doping of the chal cogeni de
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helium, thereby forming the doped chalcogenide layer, and sputtering metal onto the

chalcogenide layer using a second plasma containing at least one component gas having an

atomic weight higher than an atomic weight of neon, thereby forming the second electrode.

For a further embodiment, the first plasma and the second plasma are the same plasma.

For a still further embodiment, the composition of the first plasma is modified to generate

the second plasma. Such modification of the composition may occur as a step change

between sputtering stages or it may occur concurrently with sputtering of the metal.

[0017]  For another embodiment, the invention provides a method of forming a
chalcogenide memory element having a first electrode, a second electrode, and a doped
chalcogenide layer interposed between the first electrode and the second electrode. The
method includes forming a chalcogenide layer on the first electrode, sputtering silver onto
the chalcogenide layer and diffusing silver into the chalcogenide layer using a first plasma

generated from feed gas consisting essentially of neon, thereby forming the doped
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met hod c&ipléd to more than one second electrode. Each diode may be formed interposed

between a second electrode and a bit line, such that each second electrode is coupled to a

bit line through a diode. Alternatively, each diode may be forined interposed between a

first electrode and a word line, such that each first electrode is coupled to a word line

through a diode.

[0019] Further embodiments of the invention include methods of varying scope.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] Figures 1A-1D are cross-sectional views of a chalcogenide memory element

during various processing stages.

[0021] Figures 2A-2D are cross-sectional views of a chalcogenide memory element

during various processing stages in accordance with an embodiment of the invention.
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fromthe scope of the present inventjon. The terns waf e{. or supstrate used
int hemedl‘}'"é\m’ﬁdmgéglé ,tq»gq prglerstood that other embodiments may be utilized and that

process, electrical or mechanical changes may be made without departing from the scope
of the present invention. The terms wafer or substrate used in the following description
include any base semiconductor structure. Examples include silicon-on-sapphire (SOS)
technology, silicon-on-insulator (SOI) technology, thin film transistor (TFT) technology,
doped and undoped semiconductors, epitaxial layers of a silicon supported by a base
semiconductor structure, as well as other semiconductor structures well known to one
skilled in the art. Furthermore, when reference is made to a wafer or substrate in the
following description, previous process steps may have been utilized to form
regions/junctions in the base semiconductor structure, and the terms wafer and substrate
include the underlying layers containing such regions/junctions. The following detailed
description is, therefore, not to be taken in a limiting sense, and the scope of the present

invention is defined only by the appended claims and equivalents thereof.

[0026]  Figures 2A-2D depict fabrication of a chalcogenide memory element 200 as a
portion of an integrated circuit device in accordance with one embodiment of the
invention. Figures 2A-2D are cross-sectional views taken during various processing

stages.
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t echnol ogwo whoeovog i | m transi stor (TFT) technol ogy, dopedrandisonesped
sem conductors, epitaxial Iayers of a silicon supported by a base '
seni conduct or structure, as well as other seniconductor structures well

known t892Zhe I8 KiguredA; #lowes opfirst electradser! Qs formad R 2SEPIREHERt | s nade to a
val et GlowthDotedtrtt ddyblie)d oL AthddBRE kAN ExBBles PR 0CESS St eps

may have en ut| orm regions/junctions 1 n the base sem conductor
st r uct conglpctivedly ddmdtperysﬂxcmfcarboar(di)su@shsrmerel allays) moetel sulmdftsnderl ying | ayers

cont ai ni such reqgi ons/junct,jons. f.ol | qwi d t des tion is,
ooy ot e meth IS pbd CdudNe et onies, s My el fnac 210, 087 BBt

pr esengontail Vb tHAA ohé cé’ﬁfu’cﬂﬁ‘éjmﬁﬂéhﬂl tBor eRemple BB fied efelefbdes? nnﬁaysqu' val ents
thereof. [0026] Figures 2A-2D depict fabrication of a chal cogeni de nenory

el emeneom@o adayes of gasberi everkyingalayenal @F@Y@?nbmr(b’lﬁ)tor ddapeeef uagstRc Y Hance

w th one enmbodj nent..of .t he ut,es tional
U ens DB IR b Gl S LERG Rloaditdlh WAL G ) 810 RBR TR

PCT/ USeRd &ritade adh&&ﬂﬂdr Ham&uwrmﬁd&en@ddemmg@r ofdrhyiig Ryest Aagde 210 is
formed on a substrate (not shown ﬁ‘gl The first electrode 210 contai ns

cond uc@‘ihﬁé‘oﬁﬂf barrigy la)’E'xséPﬁ’ﬁldégefF Asceondpitys @6 e Bt inigHEE Y ifbl ysi li con,
carbon d)'qﬁ‘ng%lé the cfﬁ%fc@he e% RIXI%DH;@EI%E[H%OP oG em&?fc}ﬂé’rﬁt inY¥ Girdtet 8l

nltrldgs an uctirve oXl irst elec e 210 may further
cont ai elecrosde 210aonains sideerd Fot a wetheatmbodiment dhe faseelipdtemde 2@ isfd lagdr el ect r ode
210 mag ’fcont ain a layer of carbon overlying a | ayer of nolybdenum (M) or
a | ayePf B¥fungsten (W overlying a layer of titaniumnitride (TiN). In
addition, the first electrode 210 naf | nclude one or nore adhesion or

y

barri ef0 q2§!/er sThedjratccdentrodn d 0 isyprefgrably fovesd ysinga physicad vapRsdeposiodsi on or
barri egrm }'E{o]g;éslgﬁgkgrﬁg{eg IR ki 60Me él'e\éﬁqcﬁ‘ﬁb%m efd@for-BlaRf fere wth

progra ng o geni de nennry For one enbodi nent, the
first eelpecitioaded Mteungt@hmquem welbknovAoin the hrir Irha PVénrochssmrsoprcehe fir st
el ectrode 210IS&|]<’;13/€I’ .o{ %ilver.. . . S

or target containing thé material to be deposited is evaporated and may include ionization

of some or all of the vaporized target material. The vaporized and/or ionized species

impinging on the substrate can then deposit on the substrate. PVD processes are preferred

for their general ability to form layers of high purity, limited only by the purity of the

source or target used in the PVD process. However, other deposition techniques may be

used, such as a chemical vapor deposition (CVD) process in which vaporized chemical

precursors are adsorbed on the substrate surface and reacted to form the first electrode 210.

[0029]  For one embodiment, the first electrode 210 has a thickness of approximately
500-1000A. For a further embodiment, the first electrode 210 has a thickness of
approximately 700A.

[0030] Following formation of the first electrode 210, a chalcogenide layer 215 is
formed on the first electrode 210. As with the first electrode 210, the chalcogenide layer
215is breferably formed using a PVD process, but may be formed using other depdsition

techniques. For one embodiment, the chalcogenide layer 215 contains a chalcogenide



[0028] The first electrode 210 is preferably formed using a physical vapor
deposition (PVD) process. Exanples include vacuum or thermal evaporation,
el ect r on-weagi2myapor ati on and sputtering techni ques wel | Pkmasn2/2752¢ he art.
In a PVD process, a source or target containing the material to be

deposited js evaporated and nmay inclyde ionjzatiqn of sQ or. allL of the
vapor | Faeriah¢Qidaining ope pamprerﬁ@uvéb@r#%@aﬂaﬁﬁésrtraf*tsw&'e‘&ﬁ’sﬁgtﬁfagﬂ O’Y npi ngi ng

on the YT i ; r : are
oot o (RRADARLHIERR., bRGRAIER Thitr &), %%‘%??ﬁ%’a‘?‘e‘ﬁg"'ﬁﬁﬁfg%ﬁﬁ'?‘??;, i i t ed

h
only byPd)hendpueior ynooé Grdups I'¥ BuandeVB elementgef thesteatliional HeP AV/Dersicncdss.

Ho t.h it hni b b hem cal
epast Mg peb hrae ceon Kl (RparipatveBRb s S TR Pt s e
dsorb i i Adbi > Morest el ectrod
210, F‘Sh"% i e U he 11 et ol oet v ode 510 has a. t hi ckness of

appr ox preserably, the gaalaagsoide 193sF 25 containes chalenpgnide materiah coRtpinEE 3| ect r ode 210
has a thigckness «f ' . | 1. owd f ion of the
first SPRRREAEoD s RaR Ry b B nin SHhorh Rl anRr il RORERE! 07, O

el ect r embodiient, A% chialcbgéride fay¢rsl1 Seboainsadendifinm dekentfeahaegd (Gese dayer 215
is preferably formed using a PVD process, but nmay be fornmed using other
deposi Gedep)- t echni gues. For one enbodi ment, the chal cogeni de | ayer 215
contains a_ chal cogeni de 8 WD 03/ 020998 PCT/ US02/ 27526 material containing
one or (0L GRnupnyembedienhthe drlcopenide kyerdiodws athidaesy el si on of the

per i Odiaﬁ%rggma??bg?@7g%QX¥gre§fM)er erghb' ig‘%ﬁé a%gghwg$§@15 hE?lll urium (Te)

and pol®Bhrum one or nor enents of the
t r adi t ilsickalesd dRPProxanaelyr500A. the periodic table, i.e., carbon (C), silicon
(Si), germanium (CGe), tin (Sn), lead (Pb), nitrogen (N), phosphorus (P),

arseni ¢o(32$) . ANSHOWANH Figehe 2Bﬂtﬂlel@hﬂﬁb%dﬂideﬁh)5e,r 2Wbiedoped efigr méthny240t he
chal cogeni de | ayer 215 contains a chal cogenide material containing a

conbi nasing A spttesiag Preaghs @rriedice peloped chalsageride werdi) ubhedodedr anti nony.
For on i C ' - bBS: ni.um
bl e EnaiEgERRME TRAL 236 NucPLRlLOIRNA Bopifl Rl For SADLAbBEnnd He™
desired doping level produces a doped chalcogenide layer 230 saturated with the metal
240. For another embodiment, the desired doping level produces an oversaturated doped
chalcogenide layer 230. For yet another embodiment, the desired doping level is

approximately 15-30 wt% of the metal 240 in the doped chalcogenide layer 230.

[0033] One example of an apparatus for performing sputtering may include an
ENDURA® system commercially available from Applied Materials, Santa Clara,
California, USA. The plasma generated in such equipment will emit a UV component,

thus providing photon-induced diffusion during the sputtering process.

[0034]  Figure 3 is a schematic illustration of one PVD apparatus 310 suitable for use
with the embodiments of the invention. Those familiar with PVD apparatus will recognize
that it is a simplified schematic and that typical PVD apparatus may contain additional or

.alternate components.

[0035] A conductive pedestal 314 containing substrate 312 is located in a deposition
chamber 316. The pedestal 314 is connected to a DC power source 324. A gas inlet 318 is
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[ 0031] For one enbodi nent, the chal cogeni de | ayer 215 has a thickness of
approxi mately 300- 700A. For a further enbodi nent, the chal cogeni de | ayer
215 has awotobioodepess of approxi mately 500A. [0032] As showaTiusotemges e 2B,

t he chal cogenide | ayer 215 is doped with netal 240 wusing a sputtering
process to produce a doped chal cogeni de | ayer 230. The doped chal cogeni de
| ayer PB¥videsl fdoiptrdduaion cfesinpenknt ggienintd theehambar3 16nd'he tbmgommhgases he

desi red_ dopi l.evel uces a doped chal cogeni de | r 230 saturated with
t he rretr'éz&e%?ﬁr}%. plgsipa éﬁ%t OB AT 2T HE if?(&ﬂ’ ‘ggg?ﬂ?d“i%va produces
an ovelchahbyrall 6 dosaiResly diahs Riapeatioh 8y Bk a%éé}atuggm.y}% uHadichgs, enbodi nent,
the desired doping level is approximtely -30 wt% of the netal 240 in

t he doge@pereif 8agede det inglide apampolipaiiaisetmatesinberpited ddringrihe pptieat us f or
per for lrﬂ,&g Sputtering nmay.include an ENDURA(r) system commrercially
avai | abl€ 1t om Applied Materials, Santa Clara, California, USA. The plasm

kN sych i wi | | 1t UV conpon . . thus. providi ng
hot on fifhoed® sPy e BT R Phnpeiefd ¢ 5 PRy P ocbislos b b Fi gure 5 i s
a sche@BirhBeri3llbUThe &drbQ320mA R aPile FORRAJS Use RderifUb babhftek, use with
t he enmbodi nents of the invention. Those famliar with PVD apparatus w ||

r ecogniExamplep gf materials tg bgispyitared iadhesdopingef the shadcagkaide daysr 2B inPide appar at us
may co i it r r e . [ c i ye
podest 310 RRLEh herPluchias cBbnel 9k gSIARR ARy BNEE ol ERPRE Ik e,
316. Theawefiemttd depbdition chanbe Gl 6 thrbogipa nt 3aMY asacuueepdrg (noh gas inl et
318 is .9 WD 03/020998 PCT/ US02/ 27526 provided for introduction of
corrponé'PRW ases into the chanber 316. The conponent gases make up the

pl asma _322. The conponent gases are generally fed to the deposition chanmber
316 coh®¥lousingheimagngirancontipepuen. srgaets BRé aiyp dieadayslopment ofdheised her ei n,

295k i : d duri
e albuf 9 00y S0ty NEDRAGRH LEAURL RLERL el S8R 1
sour ce a?afhodsandubatselshtiate 312eas an anode. Magnets 327 are often placed behind the

target 326.

[0038]  In order to increase the UV component emitted by the plasma, low molecular
weight noble gases are added to the plasma. In particular, the plasma is formed at least in
part using neon (Ne) and/or helium (He). The plasma may further contain other
component gases. One example is argon (Ar), which is commonly used in sputtering
processes. While argon’s spectrum has a UV component as well, its relative intensity is
relatively low compared to that of neon or helium, thus resulting in lower rates of metal
diffusion. For one embodiment, the plasma used during the deping process is generated
from feed gas consisting essentially of neon. For another embodiment, the plasma used
during the doping process contains helium. For yet another embodiment, the plasma used
during the doping process contains at least argon and neon. The plasma could also be
generated from feed gas consisting essentially of helium for its increased UV component,
but such use can lead to undesirable reductions in sputtering efficiency. Use of lower
atomic weight gases can result in much higher opefating pressures than traditional PVD

processes, e.g., 30-300 mTorr.
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chanber 316. The target 326 may be a plate fornmed of the material to be
sputtered. Exanples of materials to be sputtered in the doping of the
chal cogerwoa3lozopes 215 i ncl ude hi gh-di ffusion metal s suchPas/usoppmseq
silver, gold and al um num Excess or spent gases are drawn fromthe

deposi {4 ch er. 316 thrqugh a vent 3 by a vacuum punp (not shown).
[ 0037] quﬁal he%ﬂh‘égwgﬁhecb(ﬂPﬁ%ﬁﬂFﬁf'ﬁ%ﬁs 0@5%’?%5 ‘Ssﬁg"hgedgfaﬁ%g € devel opnent
of t heplaphasdasitlcan BiSeRtakdhadme ah Svéragemomywtight AiyPhefetietvadenafe @ bi as
across the target 326 as a cathode and the substrate 312 as an anode.

Magnet fovastatamic weighirpfhagasds pchtha lighpe atamie geeight o6 thegaeesgin tis or der to

i ncrea e e 1.t d : . ' i ght

nobl oz s RRERANE By ETiGE bl al® e Wiahh W E Bl BT
| east desirepapitteriniRfficiary. Shegerinpadfficietvyl genenlliegfers th ehepluashenofmayget ur t her
contai n ot her conponent gases, e exanple_is argon_(Ar), which is commonly
used i ﬁt°§}§lﬂ°£°§tdiR?Q‘“Cﬂeab@é‘s@@.ca\wm the éﬁ“éﬁﬁf@%@%f FamPRALE 8V conponent as

wel |, LS i i NS j i : of neon or
R (R e b
enbodi effiviency Hepeptaiema numbedr afifactor, inbledgihadirgotion of scidenyonstargetd from

feed gas, copsi sti essenti.al ly of neo For .anpt her epbodi nent, the plasma
used CRHTRL s of kst ddiss bednsiB ohheiRmSaR £ 5ns ESe ShoT e

enbodi aRNéurfacdBindimdemergysed during the doping process contains at |east
argon and neon. The plasma could also be generated fromfeed gas

consi st es (] I i 1 } t, but such
{0039] eSSeRtdofdd matg@ré?@ otMnhPtwd fised RakERS A ,#'g%g?‘? g@?}gﬁ@

use can lead to undesir e reductions™in sputtering ncy. Use of
| ower cambimhtgonsesf ¢fiese gasee sarcproduashd samaaveragh atingih eveighte Fat ¢xaqphe, @ssur es

than traditi PVD ocesse . 0-300 nmlar,r. 10 --. 03/ 020998
T usoar iRt pesdnale hpesitot el BV P e s PRI S gases
used i BarBenRhalel didnichiei @it AS ABnix AirdbRR0TR afpdh, E-% aeheirt 23 Ralimgyan aver age
atom ¢ wei ght anywhere between the |owest atom c weight of the gases and

t he hi ypB8E. at om ¢ wei ght of the gases. In this

[0041] By adjusting the volume percentages of the gases in the plasma, a plasma also
can be generated having a UV component that is a composite of the spectra of the
individual gases and having a relative intensity generally between that of the lowest
relative intensity of the gases in the plasma and that of the highest relative intensity of the
gases in the plasma. In this manner, a plasma can be created having a relative intensity of
its composite UV component sufficient to produce a desired level of photon-induced
diffusion of the sputtered metal. It is noted that where more than two gases make up the
plasma, multiple combinations of these gases can emit UV components having the same

relative intensity.

[0042] In view of the above, it is possible to choose a plasma having a desired relative
intensity of its emitted UV component and a desired average atomic weight through the
selection of two or more component gases and their relative volume percentages.
However, it ié recognized that these values; i.e., the desired relative inteﬁsity and the

desired average atomic weight, may be mutually exclusive. In other words, attaining one
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manner, a plasma can be created having an average atom c wei ght sufficient
to facilitate a desired sputtering efficiency. Sputtering efficiency
gener al | ywoaBee®9s o t he nunber of target atons ejected peCTiuso2/dsaé i on,
typically in the range of about 0.5-1.5. Sputtering efficiency largely
determines the rate of sputter inplantation or deposition. f uttering
ef fi ci &G MAYFSHULS asPmpromiss ap they othefe (hiednethod pf campiomise WY CE‘& ©on of

i nci degéte}nqi!ﬂ@ thetc%rggﬁﬁatio%%ﬁ{cj oneﬂf%%§es§%qommggﬂ%alh iin tht R&siper gy of the

bonmbar di ng i ons, se, crystal state ds g energy. [0040] It
i s not ezlativeanhtensigr sndrtberetotchassetone ofj thesscanstkisatigns bhthegbepsgnt gases i pl e

conbi nati.ons of these gases can Brgducg he sar aﬁgr %ge a ogi C ‘%i ght. For
exanpl BaVIBE AppYargecatoicaygight 67, e deaTid SIPaR V18R, AGPIERIEYOY SUIe wi I
have appiQadiemiifd thelcBRbiraaom cﬁ%@ﬁ@@ﬁer@"gﬁﬁ@s@rd@bﬁ?ta éﬁ@nﬁ_mmtgun@ of 10%
argon, 67% neon and 23% helium by  vol une. I[f0041 adj usting the vol une

per cendesited ayéraghatogus wsighhandtiberpiopbaese oaew &@ﬁgccanéoati@aﬁfﬁ@ gener at ed
havi ng C nt. th iS.a CO ' e .1 ndi vi dual
gases shnPsOP R R and ¢ Rl iR RETRT TR PO epERaE L eRliod Bk ) ouest
rel ati weedsityensi ty of the gases in the plasma and that of the highest
relative intensity of the gases in the plasma. In this manner, a plasm

can be[gp43qt edTRAUVIGnpoh&tdf dfferinl ?lﬁﬁﬁstny havieldSff&RHERPeitEL bsdhe omponent
sufficient to produce a desired | evel of photon-induced diffusion of the

sput t es&e rabative intensifys Hegausd therspectiiie can ase affeat diffusiqn ralgsdsmanke up t he

pl asma I.pl e combi natd ons. .0as |t ts having
Phe satsMply efofRr BBy b b IR S S R hSrgFRRSTEF Loccr b1 o

t 0 chooseembpdiaRAR amXivigofocodPdhét Gasesligtliosen td produtdiatdesiedd speananof t ed UV
conponent and a desired average atomc wei,giht t hrough the selection of two
or nor éhegsipinkplasiasker piyahercabodinagnis 3 paxtyg|of spmpeneabgissysshosepdqever, it

is T ecg&m'uésg dthRl sg&%ﬂl Yahd'RSulting $1asm5m§vﬁg§ihﬁ§§r [eSLRf WEpleNt ensi ty and
the desired average atom c wei ght; "may be tuafly exclusive. In other
wor ds, catpamnentsihawaplasthd coiBiids 020898 HCahaBaXnhsipbent, a mixture of

component gases capable of producing a desired spectrum in a resulting plasma is chosen

to produce a target sputter efficiency. In general, the component gases of the plasma used

in the sputtering process for doping of the chalcogenide layer 215 are selected to produce

desired diffusion and sputtering rates.

[0044] As an example of how the plasma composition affects diffusion, an experiment
was undertaken to sputter silver onto germanium selenide using different plasmas, but
otherwise comparable processing conditions. Using a plasma generated from feed gas
consisting essentially of neon, approximately 501.6A of silver were sputtered onto
approximately S03A of germanium selenide (GeSe). It is presumed that approximately
300A of the silver diffused into the germanium selenide layer. In contrast, using a plasma
generated from feed gas consisting essentially of argon, and sputtering approximately
468.0A of silver onto approximately S03A of germanium selenide (GeSe), approximately

336.34 of silver were detected on the surface of the germanium selenide. Thus, for argon,
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value may require a conprom se on the other. One nethod of conprom se woul d
be to determ ne the conbi nati ons of conponent gases producing a plasm
havi ng t hwodesovesl relative intensity and then to choose romaisot,2tshese
conbi nations of the conponent gases having an average atom c wei ght near
the desired atonmic wei ght. Another t hod woul d. be to determ ne the

conbi ndt s BrsuEed H@hﬁ@ﬁ@ﬁproga%@ya?bgg&fﬁbe sthvsr diffusedhingg thg SEFRANYRS 1 ed

aver agg.RhLfAEHeei ght and then to choose one of these conbinations of the
conponent gaseés having a relative intensity of its UV conponent near the
desire ati I Lty 3 ' t i i pl asmas
may ha&géﬁlffeg?t%d@%@g? F%r% 26%? Qcﬁ}]%r szé@r‘rjew?cgﬁ%g? ?Sg%fﬁpgéndsﬂ {1}@3 éCbguse t he
spect r whalcagenidedayea28e.c Thelsdcbnd electradet259, genéralipfolloevs thiesinteadiidelines pr oduce a

specific emtted spectrumin a resultin | asma, _Accordingly, for one
nfl"é‘ ctiogde & 19 Aﬁﬁﬂfﬁ@ﬁb’na‘eﬁﬁg‘@g ‘il?"s“r@ﬁ%g%(?]“f%albsr ‘Efg‘ﬁ‘ﬁ%“"é desired

enbodi e f | _
spect r ymefial. ERSmpIeS cidd@gggﬁlﬁﬁvay dbpdd o ;'éiﬁéﬁgﬁarﬁ&ﬂ%tﬂ?ﬂhclu@in@ xture of

1
conponent gases Is chosen produce a desired spectrum of the resulting
pl asma rbfmadtery neetdls)g inetal hBoys, mefal silisidpd, condustipe metdl sittidesrand cphdustive

consi st i of , negp. For ot her, enbodi nent .mxture of ¢ onent gases

capabl MR idsiud i geeand EEFER 2BaRD TP st BErs ot SRS chosen to
producangerAr GLAddHRIA, HRY se€drd écBday 250 had i onelod trdr@ARERArgases of the
pl asma used in the sputtering process for doping of the chal cogenide |ayer

215 ar dagidr dayespdiaseprundedng aeeyarkingdayerss Aok adimsicamitbasier lyer at es. [ 0044]
As an I wth i L I i

experi ﬁséﬁ{im p\g\%grfaﬁlgg)grc%)g uecgllvggﬁ@pn&? E@?ﬁésrfg W{g‘rlﬂé%rtgg&gre]g h%{tll?élﬁﬁg%ﬁeggilede usi ng
di f f er aném¢rly 2%eimenit 2001t ForainB mbbditnenq nipasecabheelpétanie 250 rgntaidsdilvdrofs:  Usi ng a
pl asma generated from feed gas, consjsting essentially of neon,

appr oxidfuftheryenthedingent ghe sscpid pleiends 2000t # BYeHOLYVET approxi matel y 503A of
germani um sel enide (GeSe). It is presuned that approxi mately 300A of the
si | ver [8046lusedhe second electipdePaRiitpreteaatdn farmed agiag a AP pesessabiyt malsi ng a

pl asma e r e St [al nd
Sput e ng e A BRRCE RO, TR SbAE o Rle ZOJPRER o
ger mani prefe bl yeforred §shedShk saap PVOXappatathsyand3dge G wséd durinpathe depiag det ect ed on
the surface of the germani um sel enide. Thus, for ar&)on, )

the chalcogenide layer 215. In this manner, the second electrode 250 may be formed in

situ with the doping process, thus further reducing risks of contamination or damage

associated with transport of the semiconductor substrate. Accordingly, for one

embodiment, the second electrode 250 is formed by sputtering metal 245 onto the doped

chalcogenide layer 230.

[0047] For one embodiment, the second electrode 250 has a thickness of
approximately 800-1200A. For a further embodiment, the second electrode 250 has a
thickness of approximately 1000A.

[0048] For one embodiment, the component gases used during doping of the

chalcogenide layer 215 are evacuated from the deposition chamber 316 prior to formation
~ of the second electrode'250._ For such an embodiment, a new plasma 322 is formed with

the new component gases for the deposition of the second electrode 250. For example,

doping of the chalcogenide layer 215 can be performed using a plasma 322 generated using
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12 WD 03/020998 PCT/ US02/ 27526 it is presuned that only approxi mately
131. 7A of the silver diffused into the germanium selenide |ayer. [0045]
Ret ur ni ngwbm3be@us e 2C, a top or second el ectrode 250 is frommesd2/o1526 he
doped chal cogeni de | ayer 230. The second el ectrode 250 generally follows

t he sa uidelines as the fjrst ectrode 210. Accordingly,, the second
el ect rggﬁ%ﬁéfw'agﬁgseeaﬂmme% %h‘h&‘é}ﬂ?é@" cE’%ﬁ?Fdﬁég 15 ‘?Y@g'f%“éi #hRduct i vel y
doped gl 3égirdd g E%lt?éj&taiﬁh aﬁufﬁsédu@ﬁiw?érﬂﬁtioﬁ 6f (RSt QY elRirddesdan NeEt al

all oys, netal silicides, conductive netal nitrides and conductive netal

oxi des be perforsedonngel pasmail geSeratedyusingrat faed gasaonsistingresseatinlypof one
conductive érs(at ert.i a]I . In 'Fddilti n, thg gecor}q el ect rode @503 ngy I ncl ude one
or mor &830n &L CERUELY op adqifignally,(hs second plasma 52 may opiafibME P Uy | yi ng

| ayer s ox fiity ta @hrasinau@iveiadal fitridea¥emetabadd I ralp&tioélghbl y be conductive as
to not interfere with progranm ng of the chal cogenide nenory el enment 200.

For Onﬁ)(ﬂngdi ﬂﬁ%ati\ki}‘? t&%ﬁ%n@ﬁt%& feed %ox%é@siﬁ&f‘é&ﬁd‘@e éﬂ'ahg@d withQlt a
e 0 I o)

further odi ment, the second el ectrode 2 Is a |ayer silver. [0046]
The seennvcuhtewt ofghedg®sition charebar3dbl Yof exampde, deping ofithebalgpgeneles, but nay

be forped ?)ly ot her l_rrfet hods .such as CVtD t echnij que The se Ol‘tld el ectrode 250
S m)rgg'eb esf(é a IW P8P 'ﬁ‘%?ﬁﬂ“?‘?{‘é"s%{‘ﬁémﬁdﬂ ‘862&?3?‘8%% ;éﬁl&starget as used
dur i ngcéMposiad, @G, Rbnsidth airatiaRpenidda. IAANRE dedidd dbping lbvel iganner, the

second el ectrode 250 may be forned in_ situ with the doping process, thus
f ur t hepprearied fhe eparencat gasdeeduerulhbs Sranged @dhmsssondensRRAsHioade-gik t h

‘ . ; ; ; Cnal - di ¢
the socolifing sSRnaaL) GRRENE R I BRBAL She AR OY prebffin B BIasfR°0CS
chal cogeniwdld thuagesdu2IBPinctedbdak] argat is dettoahbd defiositioh chirhiger S¢6 andimétedict r ode 250

has a thickness of _approxi mtely 800-1200A, For a further epbodi nent, the
second gates atcrgawn offp /’ﬁ%&e sompositiangfbs Rlaga dgnehapesrmtayips mm&gﬂ[ 0048] For

one enbodh Jedtbmid WERUHRRI G WEAS 9 ohpERkerf Uhé BnAAR! WouIBshi Evay
from diffusion and toward deposition. To decrease the rate of change in the composition
of the plasma 322, the component gas feed composition could be changed gradually

instead of making a step change.

[0050] For another embodiment, the processing described with reference to Figures 2B
and 2C could be combined using a single composition for plasma 322. For such an
embodiment, the component gases are chosen such that a desired combination of diffusion
and deposition occurs. The rate of diffusion should be high enough relative to the rate of
deposition that sufficient doping occurs before the second electrode 250 becomes thick

enough to block further diffusion of metal into the doped chalcogenide layer 230.

[0051] Figure 2D shows the chalcogenide memory element 200 upon formation of the
second electrode 250. The chalcogenide memory element 200 has a doped chalcogenide
layer interposed between the first electrode 210 and the second electrode 250. The
chalcogenide memory element 200 can be used to form a chalcogenide memory cell where
the state of the dopeﬂ chalcogenide layer 230 is indicative of the data value stored by the

memory cell.
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chal cogeni de | ayer 215 are evacuated fromthe deposition chanber 316 prior
to formation of the second el ectrode 250. For such an enbodi nent, a new
pl asma 32R0i0s/0kpsred with the new conponent gases for thecdapsos2tseon of
the second el ectrode 250. For exanple, doping of the chal cogenide |ayer
215 can performed using a plasma 322 generat ed using 13 WD, 03/020998
PCT/ us&%%%lze;ze“lglgef‘eéa seheanatig §RQWiNg 3 POgiR{ia emgryFray 49 CoORtARINEa posi t i on

CT/ & : t Sosen ! Fopes
gugsegggﬁ%@;pﬁ?gy@ggﬁ%gg&t@gagBesc%éa h&EinC enﬂerh@ry%hay io?‘fﬁcﬁid@?Q _

second el ectrode can e perfornmed using a
pl asman@@Beryd memadrg dells40fpreangekgengradl yd o mews andaphesse riyipadal sneofory ar gon.

Al ternative or. addi.t.i on , the second plas 322 ntai.n nitrogen
or oxYYR ‘{Oﬁ PBRH '@Hhaﬁ‘fe‘ffgt{}%‘e ARSIy ﬁiglfsr‘fbéeﬁSHa”}‘Fgfoé}' Q%K‘l“gée)' ,C%P%Ssapecti vely.
[ 0049] chiéspenidt ime@hoty eleRRnE 2OPQABRU beBFech EfHsCRONBASIVEiRB, siekhswbgrl changed
wi thout an evacuation of the deposition chanber 316. For exanpl e, doping

of thelisti41Q @péaidinse 415y dhe divge 445 isfurtherrgoupled deivgien g secondepbdiistive gas and

f thel éAcide 4 éhisfenperstupled dotsen SHte gas
hean. - AEERETHAPI R0 e GRTRORhep R rfnlhy o iR 00 RRGTRARELR LY e

coul d dipdehasigadd be colgedbr@peh o fipasbhadutive Hingand the oRsledenidg essential ly
of argon. For this exanple, the concentration of arggon in the plasma 322

will t MeEogy glaman 300 niteehiads Hs sarvgdas the apeess deyieate teemeen &l Wanber 316
and mi Aegglr],lggg ﬁgm?@%gd%@mwfc&épléﬂottngsaﬁﬂwgﬁi ltiﬂeoﬂooafée %ﬁ}gcraﬂ ?&-ffgx‘?ed?QZ

changes, I gher verage atom c wei ght an wer WV
conmponenis, a tolveofdyeraonycslisvoliikdwssh) & groapmyg of freooryl célfsiBd0enuplod td thear d

deposition,. To rease e rate of chgnge i.n the c osition of the
Do Sa3obit e S e SR el e A HBET o B RL A be. Changed or atual |y

i nstead of making a step c_hang)l(]a. [ Q050] For . anot her  enbodi nment, .t he
pr oces 903 deddgineds aistppl Hisd dleck dagreyn of g integroigd cHpyt PEMER1Yise conbi ned

usi ng 80§ i Hc6rdGRARsH L %b&dﬁﬁmﬁﬁﬂt ﬁgﬂ@im% ion OF eglgégﬁ?ﬁ’aeyi‘ég*ﬂ isﬁl%n’— the

conponent gases are chosen suc t a desire ation o usi on
and depokiilei mﬂnwci@wi;_e c@'ﬂteinirgcélalnbgdjitﬂe_f memory dhmenhtsl ithaechidghceewnluthe rel ati ve
Lo e O S05 14,00 ARt RIS LELERY oF OB Q58463 iRRIRISuE e Second
non-volatile chalcogenide memory elements. The memory array 502 is arranged in a
plurality of addressable banks. In one embodiment, the memory contains four memory
banks 504, 506, 508 and 510. Each memory bank contains addressable rows and columns

of memory cells.

[0054] The data stored in the memory array 502 can be accessed using externally
provided location addresses received by address register 512 via address signal

connections 528. The addresses are decoded using bank decode logic 516 to select a target
memory bank. The addresses are also decoded using row decode circuitry 514 to select the
target rows. The addresses are further decoded using column decode circuitry 518 to select

one or more target columns.

[0055]  Datais input and output through I/O circuit 520 via data connections 530. /O
circuit 528 includes data output registers, 6utput drivers and output buffers. Command

execution logic 522 is provided to control the basic operations of the memory device 500
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enough to bl ock further diffusion of netal into the doped chal cogeni de

| ayer 230. [0051] Figure 2D shows the chal cogeni de nenory el enent 200 upon

f or mat i orwofoswwes second el ectrode 250. The chal cogeni de memursyg2/eisesrent 200
has a doped chal cogenide |ayer interposed between the first electrode 210

and the second el ectrode 250.. The. chal.cogeni de nenory, el.enent 200 can be
Cood { I oSG Creioh JaRr e e bip CBMP TGl eSS oA6 cAGTRE MachiBn o

chal cogeminfi§ al @R préviled & doRBbICPEEiFie opératibis ReformdPbithe HidHhi@ | ality t he _
menory cell. 14 03/ 020998 PCIT/ US02/ 27526 [0052] Figure 4 is a schematic

showi ngnéicgllsr (Tihgsommaad seantion egiay22ou/asitamashine SEheandsgsnerady menor y

el e”E”Eéfe%Qooﬁoaa% cggg&réir%ﬂyg%%%l rd U WIREQf e Bhd eﬂlggmhﬁ%p‘é fidng  number

of menory cells arranded generalTy 1d rows and colunms.” Typli cal nenory

ar r ays Thedaeohmdctiond 530 @ra sypidalily heakforbivdiractiondll datad@dmmidchioneMhey cel | 405

i ncludes a chal cogeni de nenory el enment 200 coug}ed bet ween a first

conductiemery Pafebe conplrdAe apsxigmal pipsesiety SU{QE ORETaiiQRRY B1B8- The di ode 415 i's

further coupled between a second conductive line, such as bit |ine 420,

and t hé0Q36d| colysnil be appraeipipd by dhasaskilodin the ad that pidigpyal cirpetry @hdde 415

coul d -t he, first | | i hal cogeni de

mermor y Co ST 5B DA REN e Bald S8 RBISRY hokfoc or1Te 83 iR Bedic™: C°Fhe. momory

cel | 3@fmplifiddgo aelpifognsai themvemice It wilBBOumietiodaelthitahd st veaegripdod | i ne 410

are typically referred to as a row of nnrg cel |l s. %ikemﬁse, . groupi ng

of memdf § mealary dgyee sdnisned 1o Hravide 2 gepivenl ynderstapding obthg memary apcsy y

referr i i ssinplified
g,@lt 4 Sorfiple® deSlripiidn ¥k aftl' eﬁf?)élé/m&ﬁé At feLtgFé%s gvi(;gééhﬂ ‘?ne?ndr? dévid.

bl ock diagram of an Integra clrcult nenory 500 T n accordance
with a odi . NV ERk i 1C ' N0N-

vol at i :?%@nq]irmrggﬂatgsg%éé%n{hggen%lﬁ%&g Ré J(;aghem ery gg%ésy&éﬁegﬁfg%g %S%flﬁgdq

accor dasrgn sk tgandrhidy fabrivstad aan inldgeatedeeinnuyt cdeninigg H04ridtyof udes an array of

menory cel|ls, 502 jncluding the an-vaql atile al cogeni de nmenory el enents.

The. mfmiFoRdvcly dsuizes o T nisdgued Grod - singpied BY 2 SIboat, JUERBIRE banks. | 0

one enbdiiiERE oypidify TERRIY rlipiRidhits bR RIFRMe. PROLDPNE is RRRer 08 and

510. Each mem)rx}) bafk cont ai ns' addr essabl e rows and col urms '
processed to separate the integrated circuits into dies as is well known in the art.

[0058] The foregoing figures were used to aid the understanding of the accompanying
text. However, the figures are not drawn to scale and relative sizing of individual features
and layers are not necessarily indicative of the relative dimensions of such individual

- features or layers in application. Accordingly, the drawings are not to be used for

dimensional characterization.

[0059] Although dimensional characteristics were provided herein for information
purposes, it is recognized that there is a continuing drive to reduce integrated circuit device
dimensions for increased performance and reduced fabrication costs. In addition, the
concepts described herein are not fundamentally limited by absolute dimensions.
Accordingly, improvements in fabrication and sensing technologies are expected to
facilitate reduced dimensional characteristics of the chalcogenide memory elements

described herein, particularly as they relate to layer thickness.
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of menory cells. [0054] The data stored in the nenory array 502 can be
accessed using externally provided |ocation addresses received by address
regi st er W0A3Me@98ddr ess signal connections 528. The addreggass2/arses decoded
usi ng bank decode logic 516 to select a target nenory bank. The addresses

are al so decoded using row decode cj (fry 514 to select the target rows.
The addresses are further decodg@ﬁéﬁﬁéiéﬁyum decode circuitry 518 to

sel ect [0060F O'MEMols FnWeQb%En ﬁ&JcHBEHSfor ﬁf&%ﬁ@ m@?atl %o & dh'al% exﬁﬁ@jlas)é% RNd through
I/Ocircuit 520 via data connections 530. rcuit 528 includes data
out put dﬁ‘egttssqoetammg)enquopdri chadeagenidd layatSpthebnﬁth@tssncl@mwmrgja plasezut i on

500 10 (e Bafh5be8a e 0 0 Beo iR TRE RRREEN S Vi sl eaRE L ' ©

recei VeHe pladma @Bhtaids abiedsidne AORIBEES bOBS Raific WeightabiRhHBaLOME hefiddh. My al so
be provided to control specific operations perfornmed on the nenory array

and celThs playma hé%msmmr whebbspffigiant|te gputtes aneszldarget anda 8V epampprat 8b4 can be
gener al. f I t wite, erase
and- of HebmitlpLEh bARRAERThAR: kot o he LR by M LR SLSed
for bi cﬂalc@emdeﬂ@}erdalmgeommmhcai la@ondubhiee ldyenednybecfarmdiborc thejdbpell t 0 an
externag proces or 550 faqr _operation or testin [0056} [t wll be

appr ecchtleegepid e %@5@1 sg{« Ip dpjegrated jcarcuif deviges; Such@s pPRNG atile; ghelgpgsnydeand

cont r ol GPakAc&2 gf ?&aﬁ’&ﬁ’;em@@ g%h@énc{x}}@nt ﬁ%ﬁ?aﬂﬁb%&xt% hgure 5 has

been S|an|f|ed ocus on th |nvent|o e under stood t hat
t he abdamnaties of a pOn(blntivez)laya zrmmn wythdbe depang ef thntcbaddmd:ntdo lgyeovaddeesa gener al
under st andi n t not C et e. desc t| on of all the
ol enenCMAREh O gpd ghvSE damostifon g BORLBoving BrclavioasStiudley i ved by
those gfoind o8Ptol tBolt hﬁsﬂc‘ihtaﬁiﬁg’fmpfo%\/de@ﬁ:% rélfabiltg. t ype described herein are
general ly fabri cated as an int egrated circuit containing a variety of

sen comgbif or ARNIERS cTﬁ@eth&cﬁerﬁ{s%QV&bée%qllﬁstia?ed%'xﬁ%&rrﬁgd B¥refh, ﬁUbSt rate.
Integrated” circults gre typically repeated nultiple tines on each

subst r atil be ippreslabétbyalu@eloﬁ ofdnmatryuekxll ipthecesthetanyarsegamant ¢hat lse i nt egr at ed

circul tcglc{llg{eg to aghslev%sthtla gan\{\ée ;lnllrpgs%ory]\gy f)ensurbrs]t?tu%’dtfor the specific embodiments

shown. Many adaptations of the invention will be apparent to those of ordinary skill in the
art. Accordingly, this application is intended to cover any adaptations or variations of the
invention. It is manifestly intended that this invention be limited only by the following

claims and equivalents thereof.
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[ 0058] The foregoing figures were used to aid the understanding of the
acconpanying text. However, the figures are not drawn to scale and
rel ati ve woasogoees i ndividual features and |ayers are notPCmarsessmee | y
i ndi cative of the relative dinmensions of such individual features or
| ayers in application. Accordingly, the drawi ngs are not to be used for
di mensWgrais dameddseri zati on. [0059] Al t hough di mensi onal characteristics
were provided herein for information purposes, it is recognized that there
is a continuing drive to reduce integrated circuit device dinensions for
i ncreased pérmethodbt forming 4 deped ebaltedenidedsyencomgeising: | N additi on, the
concepts descri bed herein e nqt fundanental Ly .limted by absol ute
di mensi ons. SPUKSEBE ER) O 4 Tyer GHEIROEENIAR Talprdldnegesanes & s
technol ogi es ar e S3tRRRTCH 1dad onk@Bilpbhdh 8ad QIERK¢th b@@nsisting of _
characteristics of the chal cogenide nenory el enents escri bed herein,
particul arly as nesyanddielivm.t o | ayer thickness. 16 WO 03/ 020998
PCT/ US02/ 27526 CONCLUSI ON [ 0060] Met hods have been described for form ng
nmet al - doped chal cogeni de | ayers and devices containing such doped
chal cogeni dght sedosl of thEmNE Whekksn he haléezentienaterillias f@rmahinni setkaide
diffusion of nmetal into a chal cogenide |ayer concurrently wth netal
deposi ti on. ma@sal.pl asma contains at | east one noble gas of |ow atonic
wei ght, such as neon or helium The plasma has a sputter yield sufficient
to sputter a netal target and a UV conponent of its emtted spectrum
sufficBent The nethodeofdidiimus wheredd the lptasamautiteeredntaiisal nobletgas hiéng lral cogeni de
| ayer. Using such nethods, a conductive |ayer can be formed on the doped
chal cogeni détoniy ste1ght higheythan an ptomie weteBHOIREOB Y t devi ces, such as
non-vol atil e chal cogeni de nenory devices, doping of a chal cogeni de | ayer
concurrently with netal deposition and formation of a conductive |layer in
situ wit h t Adedephalpfelainie whesdic bgaoblteas hyang pe divoes weigbhhighdritkan on
concerns ang)%)hé‘%l cal., taqr}age resulting frommnoving the device substrate
fromtool t&TBYPIC VHER FIEPT 1%8 g i nproved device reliability. [0061]
Al t hough specific enbodi nents have been illustrated and descri bed herein,
it

5. The method of claim 1, wherein the plasma is generated from a feed gas consisting

essentially of neon.

6. The method of claim 1, wherein the metal is selected from the group consisting of

aluminum, copper, silver and gold.

7. The method of claim 1, wherein the chalcogenide material contains at least one
element selected from the group consisting of oxygen, sulfur, selenium, tellurium
and polonium, and at least one element selected from the group consisting of
carbon, silicon, germanium, tin, lead, nitrogen, phosphorus, arsenic, antimony and

bismuth.
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wi || be appreciated by those of ordinary skill in the art that any
arrangenent that is calculated to achieve the sane purpose may be

substi t utwo Borosvhe specific enbodi nents shown. Many adapcatisons7’seé t he
invention will. be apparent to those of ordinary skill in the art.
Accordingly, this application is intended to cover any adaptations or

vari at$-ons  bfe method phelaim il owhereip thechalgaeeride matgrial eondaias AHeASt oM s i nvent i on

03/ 020006, PO IOHPEEE SRl (M co bR AR AR MG A o FHEAF st YR
doped chal cogaikment kelyaed fromthe gsiupgonsging efrgenganiehahd emiroory. | ayer of

chal cogenide material in the presence of a plasma containing at |east one
conponent gas selected fromthe group consisting of neon and helium 2.

The ey hod Afmcthad @f%mm/g%rd%b&i hecbibe pgRicAmpRBher 12l 15 a ger manium

sel enide nmaterial The nethod of claim1, ereln the plasma further

cont ai ns a feobping ajayeriohghalepgenideanaserial; wei ght hi gher than an at om ¢ wei ght
of neon. 4.S'£ner. netak}ﬁﬂ Splt cl ai %ﬁa \A’ernrtﬁiznret hneoe%?bl as. Qévi.rggg an atom c
wei ght  hi gh®P  THEPAHEES LT A RS MaPe RESHI ST APLSHE SBMAREHet hod of

claim 1, whereinehdiged;asma i s generated froma feed gas consisting
essentially of neon. 6. The nethod of claim1l, wherein the netal is

sel ect ed fréapesiHag resnptterehprrsciengn dic laygrighichalegeeails paateriadj ander and gol d.
7. The neth i [ I | e qaaheLtgl contains at
| east one @ﬁgﬁéﬁﬁ%?%%?% l?%%nﬂltﬁg%gl? uﬁ?ggﬁgﬂséﬁ ng ag'%ﬁagkygen, sul fur,
selenium tellurium and polonium and at |east one el enent selected from

e Ot B0 CRSabhds S G109 RL o sl SN U Mherdl Hecke§ i o008

group consisting of aluminum, copper, silver and gold.

11.  The method of claim 9, wherein diffusing the sputtered particles into the layer of
chalcogenide material occurs concurrently with sputtering the particles from the

metal target.

12.  The method of claim 9, wherein the plasma is generated from a feed gas consisting

essentially of neon.

13. The method of claim 9, wherein the plasma further contains helium.
14.  The method of claim 9, wherein the plasma further contains argon.
15. The method of claim 9, wherein the plasma further contains at least one noble gas

having an atomic weight different from an atomic weight of neon.
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18 WO 03/ 020998 PCT/ US02/ 27526 8. The nethod of claim 1, wherein the

chal cogeni de material contains at | east one el enent selected fromthe group
consi sti ngoaB/osmwbeni um and tellurium and at | east one elpemarsn2/sskect ed
fromthe group consisting of germanium and antinony. 9. A nmethod of formng

a doped chal cogeni de | ayer, conpri sing: ~forming a layer of chal cogenide
mat eri &P s phe Methodpf slami9% fusther IRt al target in the presence of a

pl asma_cont g Qi cﬁ@goh&ﬁéﬁse@ the gﬁﬂﬁ§h&h sr%gé"ﬁ%o?l%ﬁta?fegg denbbig! €s on the

| ayer of chal cogéni material; an di ffusi e sputtered particles into
the | ayer of chagasomherithan mmhesachlcompOnentpas heyingooh avdmiclvedight9andaher ei n t he
netal target,cqontains a %ct ed fromthe groyﬂger consi sting of

nmet al se},j
al uni num  cBPBYME Yalyme pergeiaggs O the LPMPIRENt gaseR &y Y MY E%herei n

di ffusing the sphbhfié /4ighesiffiSitRSo fiMatchedds¥Eipubbringéraitiengeni de materi al
occurs concurrently with sputtering the particles fromthe netal target.

12. The nmethod of claim9, wherein the. plasma is generated froma feed gas

consi sting tiall y.of, pe . The nethod of claim9, wherein the
pl asmatllr]'urtng?ﬁ%g]r?tdg)lfﬁ}s/a"ﬂgl’ ﬁjur{r?]ngfc%ﬁ?n > nethod of claim9, wherein the

pl asma f urt bdéctingrbmipbiend 8@ forkbe plhkiaa s&hpidn®heodl andm Rastwihenebls t he
pl asma further contains at | east one noble gas having an atom c wei ght
di fferent from aB2sAtbeRtBangEo§hdndsf neon. 19 WO 03/ 020998 PCT/ US02/ 27526

16. The met hadsnf %ﬁnﬂ‘hé‘h@r tillel BP the COMBbhSH! 3ds %&‘g [hOIpLORRAGARE gases
for the plas y cgrrprl SI gceﬁe Y ano‘]eat H?east %osﬁé n ﬁée ggs ot ﬁer %han neon,
each conmponent gadediediengttahspattoornc wei ght; and adj usting vol une
percent ages of the conponent gases to generate an average
18.  The method of claim 17, wherein adjusting volume percentages of the component
gases to generate a plasma having a desired emitted spectrum further comprises
adjusting volume percentages of the component gases to generate a plasma having

an emitted spectrum that has a higher level of visible components than a plasma

containing neon alone.

19.  The method of claim 9, further comprising:
selecting component gases for the plasma comprising neon and at least one noble
gas other than neon, each component gas having a UV component of its
emitted spectrum; and
adjusting volume percentages of the component gases to generate a plasma having
a desired relative intensity of a UV component of an emitted spectrum of

the plasma.

20.  The method of claim 19, wherein the desired relative intensity of the UV
component of the emitted spectrum of the plasma is a relative intensity sufficient to
produce a desired level of diffusion of the sputtered particles into the layer of

chalcogenide material.
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atom c weight sufficient to facilitate a desired sputtering efficiency.

17. The nmethod of claim9, further conprising: selecting conponent gases
for the pvessmmesmpri sing neon and at | east one nobl e ga®catiusez21sh@n neon;
and adjusting volume percentages of the conponent gases to generate a

pl asma having a desired enitted spectrum 18. The nethod of claim 17,
wher ei n adj usti ng vol unme percent ages of t he conponent gases to generate a

pl asma paw J@ gleg]%al ?g@heg}:@‘ﬁ’gr m further conprises adjusting

volune perce ages o one es to generate a plasma having an
emtted spesmedmngthmpomSgaehfcghm plhm:ebomﬂ)risihghéﬁnemdanmgmbsobllaan a
pl asma cont ai ni ng neon al one. 19. The nmethaod of claim9,

conpri sing: sel e835ker é'éﬂ?ﬂt?ﬁéfﬁacbég'égo'?eﬁf g‘l‘SHB‘VH!ge?é‘r?éo‘EGr?ﬁ'glglaﬁg 4heon and at

| east one nobl e ygASHdaeht driidenli®Q spe@agh; conponent gas having a W
conponent of its emtted spectrum ged adj usting vol ume percent ages of the

conponent gdatesnininggelvestawe canqbirm;nms ofabe qgnp@edtegasc%pmdmmg aplasinat ensity

of a UV conponen an.emtted ctrumof t 20. The t hod of
Ol armte. Cnber oihahe 2 e SRS AT ALY Rhenadnt 5t B SRR b b SlE o
the emtted specprasfin Siffitiet 63l ¢ aYedirdddbad] iof diffudioansgithie/spattéeiici ent to
produce a desired | evel of diffusion of the sputtered particles into the

| ayer of chal cop¥tfldeinimthedayer of omlangenide opded andT/ US02/ 27526 21. The
met hod of CL}?AoQ?ngon%%F h@%émgf@éggéﬂﬂe c&ﬁ{%cgrfemg gﬂ%ﬂtﬁ?@%ﬂ‘% es for the

pl asma conprisi ng neon one n neon, each
conponent gas haxtongc aBight guirest svdegilet aaadgaatohﬂ: weighonent of its emtted
spect rum
22.  The method of claim 9, further comprising:
selecting component gases for the plasma comprising neon and at least one noble
gas other than neon, each component gas having an atomic weight and a
UV component of its emitted spectrum;
determining at least two combinations of the component gases producing a plasma
having an average atomic weight sufficient to facilitate a desired sputtering
efficiency; and
choosing one of the combinations of the component gases producing a plasma
having a desired relative intensity of a UV component of an emitted

spectrum of the plasma.

23. A method of forming a doped chalcogenide layer, comprising:
forming a layer of chalcogenide material; and
sputtering metal onto the layer of chalcogenide material and diffusing the sputtered
metal into thé layer of chalcogenide material using a plasma containing at
least two noble gases, wherein a composition of the plasma is chosen to
have an a\./erage atomic weight sufﬁcier;t to produce a desired sputtefing

efficiency.
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determning at | east two conbinati ons of the conponent gases producing a
plasma having a relative intensity of a UV conponent of an emtted

spect rumwD oslozo9opl asma sufficient to produce a desired | ecelusot2ded f usi on
of the sputtered particles into the |ayer of chal cogenide material; and
choosi ng one of the conbinations of the conponent gases having an average
atom c wei ght nearest a desired average atom c weight. 22. The nethod of

claim gy fUTE@ﬁfet%@WHa ng: wﬁéhm%tmgomegme%aact%ﬁgﬁl th@krdupe pl asma

conpri sing neon and east one nob t her than neon, each conponent
gas havi ng anmanogpﬁhdﬂumhmommMiagmUV conmponent of its enltted spect rum
determ ning at |east two conbi nati ons of the conponent gases producing a
pl asma havi ng an average atomi c weight sufficient to facilitate a desired

sputtepsng A%éth@d@f‘fb)‘mlr%rtﬁd(ﬁ)@@@ﬁdl efifde 19fer,tdoghppigini nati ons of the
conponent gases producin plasma having a desired relative intensity of

a UV conponximing a lyereqfi @lé@geﬂﬂﬁé&%tm?h@ﬂ the plasma. 23. A nethod of
formng a dgpql‘?tg{nﬁg ?9&) %%t& @%Gfﬁyer(o‘f)%? %Hﬁg Eeﬁfar%r{?lqjl?fuéxﬁg’ﬁ{]al cogeni de

chal cogeni d terin ayer o
mat eri al and di ffnesjl l@rﬁshﬁtoswtayafcﬁd:halneg@hdd rﬂht@r1:h]h$1n|gal)1ﬂ3isnmf chal cogeni de

material using a plaspma containing at |east two noble g 0gses wherein a
conposi tion of t AN NING Ak least twR 3oBls Bages. WAGHSInAComRasKipa oA thsnRlasmigels ght

sufficient to pr i S 0998
PeT! Leos) 27656 SR IhdEadegfbde ‘é?‘%?m‘%‘%“y efauye ea°é‘ﬁ3‘n1°cf\ﬁ9§9§§§h2. s

sel ect ed from t hepegtrompf tlxoplaémsa.i ng of helium neon and argon. 25. A nethod
of form ng a doped chal cogeni de | ayer, conprising:
26. A method of forming a doped chalcogenide layer, comprising:
forming a layer of chalcogenide material; and
sputtering metal onto the layer of chalcogenide material and diffusing the sputtered
metal into the layer of chalcogenide material using a plasma containing at
least two noble gases, wherein a composition of the plasma is chosen to

have a desired emitted spectrum of the plasma.

27. A method of forming a chalcogenide memory element having a first electrode, a
second electrode, and a doped chalcogenide layer interposed between the first
electrode and the second electrode, the method comprising:
forming a chalcogenide layer on the first electrode;
sputtering metal onto the chalcogenide layer using a first plasma containing at least

one component gas selected from the group consisting of neon and helium,
thereby forming the doped chalcogenide layer, wherein the first plasma
emits a UV component sufficient to induce diffusion of the sputtered metal

into the chalcogenide layer; and
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formng a | ayer of chal cogenide material; and sputtering netal atons onto
the | ayer of chal cogenide naterial and diffusing the netal atons into the
| ayer of wbaBoomehni de naterial using a plasma contai ni ngpatr/usezsts2¢ wo
nobl e gases, wherein a conposition of the plasma is chosen to have a
desired relative intensity of a UV conponent of an emtted spectrum of the
pl asna. 26. SPUGERS Bt Pniodheriepsdrhdlsparnidaiayerdising agscond @lpsma onpr i si ng:

formng a | ayer I s . o0 the
| ayer of chal cog g%p&nﬂ.%ggggg %CQE&QE%?§SIH ﬁ“%%ﬁ({@%g@ﬁ{ %%&into t he
| ayer of chal coganatdmnmb%lhtaﬁnama; mgreby}ﬁémngtlmamtcmdm]amgoact. | east two

nobl e gases, wherein a conposition of the plasma is chosen to have a
desired emtted spectrumof the plasma. 27. A nmethod of formng a

chal coggni denERiZHoY JFlcRIRRY, WAVERhE af ressibn@l:&ﬁg rQ?l?gasEhav gcaqworﬁikect rode,
and a doped chal cogeni de | ayer interposed betwe firs el ectrode and

t he second ekgmthgdewhmhelmBmMDwe@mh@ﬁmxmngmgbmrnlng a chal cogeni de | ayer
on the first electrode; sputtering nmetal onto the chal cogeni de | ayer using
a first plasnma containing at |east one conponent gas selected fromthe

group Qonsi Thé Hethed dfRMm@Tdwhereinfdrmidghedhalgémddnaner fufRerdoRfflises
chal cogeni de | ayer, wherein the first plasma emts a UV conponent

suf ficient qummﬁmt?aremffgeu@munm@relqnﬁ@ yeiial ey bereipspulteringinefak gngo the

chal cogeni dghzg@(}éggﬁ ‘/i’:({}g CQ?ijs &Qs?ganuﬁﬁy %ﬁﬁ{sgg %glﬁemi%&lt\;e? rh39 metal

onto the dope ayer using a seco ai’ning at |east
one corrpone%m&%;h&mm@mml aﬁmrrhe:dwpu@hhlchg@ﬁtmaydmslngalme stomd ¢ wei ght of
neon, thereby formng the second el ectrode. 28. The nmethod of claim 27,

wher ei n thePéﬁmPéﬁQFOBWE“@éH&Wﬂmﬁﬁﬁé% having an atomic wei ght higher than
an atom c wei ght of neon is argon.

30. The method of claim 27, wherein the first plasma and the second plasma are the

same plasma.

31. The method of claim 27, wherein the second electrode has a different work function

(om) than the first electrode.

32. A method of forming a chalcogenide memory element having a first electrode, a
second electrode, and a doped chalcogenide layer interposed between the first
electrode and the second electrode, the method comprising:
forming a chalcogenide layer on the first electrode;
sputtering metal onto the chalcogenide layer using a first plasma containing at least

one component gas selected from the group consisting of neon and helium,
thereby forming the doped chalcogenide layer; and
sputtering metal onto the doped chalcogenide layer using a second plasma

containing at least argon, thereby forming the second electrode.
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29. The nethod of claim 27, wherein form ng a chal cogenide |ayer further
conprises formng a |layer of germanium selenide material, wherein

sputt eri ngomsalodont o the chal cogeni de | ayer using the fiPCTtUSpL/2m50@
further conprises sputtering silver, and wherein sputtering netal onto the
doped chal cogeni de | ayer using the second | asma” al so_conprises sputtering
si | ver .3330. Armsthedtof ferming a chdleageride mrmasy glemeat havirg a firshglseiradedat he second

plasma are tsg'&)nd roHé %ﬁm\%goé&} chm%ig%&é‘%?%%teﬁo;égﬁpﬁée?MQ Ifﬁ%tn the second

el ectrode has a %I ereén r unctron Irst el ectrode.
32. A net hodlefrofl®ind thg sécoad) dlecogdy) tidanethodeympligngent having a first
el ect r ode, z%? second el ectraode, and ?Hédoped chal cogeni de | ayer interposed

bet ween t he ’l"i“§§ aCE?lé%get“tfHéa)é?ﬁ_@"t‘ belererdel ect rode, the nethod _
conpri si ng: s&ﬁe’t'ié(ﬁ['nggnéal% ﬁl@QﬁQl'cggenli(ﬁM%er%?iin?gﬁ)lésh{aséon%hﬁﬁ% 596Kt osPUt tering

nmetal onto t | cogeni de | ayer - using a plasma contai ning at |east
one conponent gasospbeaitgds felermad fnan ghegrpug corsissing nfjnesh andbaliemd hel | um

doped thal cogeni ARy BFIE s arAgeLahae NG Ml ai ni ng ot Teast argon.
ther eby 1 or Rhgeriman@ACans!iRldptd Gfifcoz8RdY\Ry0R1HRINS BIEGE] HSRBY 27526 33. A

met hod of form ng a chal cogeni de nenory el ement having a first electrode, a
second el ect r ode formiag thedgperd eeritodegeni de | ayer interposed between the
first electrode and the second el ectrode, the method conprising: formng a
chal cogeni de layer on the first electrode; sputtering netal onto the

chal cogani deA hayted of $orginga phAssgnitle Micdty _iEn&int h@dsd a fine electesjeonent gas
selected fromthe group consisting of neon and helium thereby form ng the
doped chal cagemdgiectaderand adapedehalcogrngde yenintepased beeeePeditethal cogeni de

layer using JdiGoRl a3Me sLdbsl €R¥%trode, the method comprising:

forming a chalcogenide layer on the first electrode;

sputtering metal onto the chalcogenide layer using a plasma initially generated
from feed gas containing at least one component gas selected from the
group consisting of neon and helium, thereby forming the doped
chalcogenide layer;

increasing an average atomic weight of the feed gas used to generate the plasma;
and

sputtering metal onto the doped chalcogenide layer using the plasma generated
from the feed gas having the increased average atomic weight, thereby

forming the second electrode.

35.  The method of claim 34, wherein increasing an average atomic weight of the feed
gas used to generate the plasma further comprises evacuating the feed gas after
forming the doped chalcogenide layer and generating the plasma used for forming

the second electrode using the feed gas having the higher average atomic weight.
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form ng the second electrode. 34. A nmethod of form ng a chal cogeni de nmenory
el enrent having a first electrode, a second electrode, and a doped

chal cogerwoasloanpes i nt er posed between the first el ectrod@cansor/bms26econd
el ectrode, the nethod conprising form ng a chal cogeni de layer on the first

el ectr utt 0. t.he chal cogeni de | ayer . ysi a plasm
initi agﬁ?y giﬁ gFgeﬂ'ﬁgf‘e@Ber@'Qs‘"ErS?ﬂ%?ﬂ%gfra&F aF%’é@t‘”%ﬁE Egﬁponent gas
sel ected frpmmﬁmm ESHRpIFRE PhoRlifly Mg feéd ARRDF RBMpHIRInt bibes i@ HRPashAr m ng t he
doped chal cogeni de | ayer; increasing an average atom c wei ght of the feed
gas used towgdﬁeplmeengh@tqbl asma; and sputtering nmetal onto the doped

chal cogeni de | ayer using the plasma generated fromthe feed gas having the
i ncreased average atom c wei ght, thereby form ng the second el ectrode. 35.

The meghod afmeéhéd 6F minghedhRiddgénige mafiongelamemVRNhge fkodledrodej ght of the
feed gas used to generate the plasma further conprises evacuating the feed

gas after $e5PPRY plgcirods, a&p%@onsﬁahéléwméayeay@ﬁrpaﬁﬁﬁ beswesndhe AEstt he pl asma

used for fo eed gas having the higher
aver age at o%g%tp&v\%iaéﬁ?}?es%g%lgéﬁ%’otggg‘ g@'ﬂ%%ﬁ %526 36. The method of
claim 34, whemiga cindeogerside thyanorathe fagelatrode;c wei ght of the plasma further

conprises nodifyin f edr tes of caonponent, nto.th | asma while
sputtering PRMEINS ﬂmﬁég ggfl@[ge$18g%yﬁbUSén§ﬁ§[%g ma dpa HPNe| ement

having a first eél%ﬁﬂe?ﬂﬁfonﬁ thé@&;&éﬂ‘ih@lk@&n‘id&%yer%ﬁer%nQHePﬁFLt phahgageni de
| ayer interposed between the first electrode and the second el ectrode, the

met hod conpri si ngcnerawdw&mg at ledshouroepmmpogent] gay e¢leded frhm the geupel ect r ode;

3232;?{: g% net al Cé)nrg'gs Ang Fné:orr]laa{n%%%ﬁ@r'nga% ayer using a first plasnma in a

sputtering metal onto the doped chalcogenide layer using a second plasma in the
deposition chamber to form the second electrode, wherein the second
plasma is generated using at least one component gas having an atomic

weight higher than an atomic weight of neon.

38.  The method of claim 37, wherein the at least one component gas used in generating

the first plasma consists essentially of neon.

39.  The method of claim 37, wherein the at least one component gas used in generating

the second plasma consists essentially of argon.

40.  The method of claim 39, wherein the second plasma is generated using at least
argon.
41.  The method of claim 37, wherein sputtering metal onto the doped chalcogenide

layer to form the second electrode is performed in situ with sputtering metal onto

the chalcogenide layer to form the doped chalcogenide layer.
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chanber to formthe doped chal cogenide | ayer, wherein the first plasma is
generated using at | east one conponent gas selected fromthe group
consi sti ngoaB/oewesr and helium and sputtering netal onto troa/soperse
chal cogeni de | ayer using a second plasma in the deposition chanber to form
t he secgnd g]ectrode, wherein the second pl ?sma i S _generated using at

c

| east dMe cdMEOENd Qfsdaimad/y whersHn SRUBRAIRE MGk G the PRIPETHINAKH 9t oni ¢
vei ght of negy th%%oPJJ‘&a'iE% Bade &fyepﬂuahg &Rpﬁ@’lé'seip%it&iﬁé"'ﬁolﬁta héAshrgene

conponent gas used I'n generating” the first plasnma consists essentially of
neon. 39. Thad mbtteousputtedhginataBdntoubeedapied chileogenidedayst tofsemdlemgsopeht gas

d i ' h d pl ' iall f . 40.
The met hod GIcCkPd e’ coRpPET o RANE OB piraeBaT GrdsEner at ed usi ng at

| east argon. 41. The nmethod of claim 37, wherein sputtering netal onto the
doped chal cogeni de If%ﬁr to formthe second electrode is perforned in situ

wi th s@dt t erlibagnathackef chimgt2, whereimibie easial target is aydver tasgstapthiiehe doped .
chal cogeni d%hl"@/&%ide%gyeyﬁ??@?/"gﬁ%ggﬁwﬁmlsg ]gé?&?%g] 42. The nethod of claim

37, wherein sputterin e chal cogenide 'l ayer to formthe doped
chal cogeni de | ayer further conprises sputtering froma netal target and
wherein sputtering netal onto. the enide layer to formthe

d chal
second #el e@i‘%‘:d’éf-’éhqq}?fp%?’ g@ﬁﬁ?ieé‘_b gg-‘gﬂtpfaé%a%gfhW?ml%aﬁEt al target.
43. The met hgghaffat l@éa@f &e%%mtp\gfinﬁ{ @hfsdldtfed i lihd ?rb&?%ods%tiﬁg%f llléb?lralll]gar _?_ﬁ; and

the chal cogenide [ayer con sf a germani um sef ent de materi al .

met hod of clhalinm3id atlleast enecorhporfent sas haviagrma atomic weeghs bighadthmh asma each
contain at |east one c onent gas selected fromthe group consisting of
neon and hé”?‘?"ﬂl‘ﬁl"%‘ﬁﬁ“&?“ ®ast one conponent gas having an atomi c wei ght
hi gher than an atom c weight of neon.

45.  The method of claim 44, wherein the first plasma and the second plasma have the

same composition.

46. A method of forming a chalcogenide memory element having a first electrode, a
second electrode, and a doped chalcogenide layer interposed between the first
electrode and the second electrode, the method comprising:
forming a chalcogenide layer on the first electrode;
sputtering silver onto the chalcogenide layer using a first plasma generated from a
feed gas consisting essentially of neon, thereby forming the doped
chalcogenide layer; and

sputtering a metal onto the doped chalcogenide layer using a second plasma
generated from a feed gas consisting essentially of argon, thereby forming
the second electrode, wherein the second electrode has a different work

function (¢,,) than the first electrode.
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45. The nethod of claim44, wherein the first plasm and the second plasm
have the sane conposition. 46. A nethod of form ng a chal cogeni de nenory
el enent hawoiong2m@98 i rst el ectrode, a second el ectrode, anaca/usope$e

chal cogeni de | ayer interposed between the first electrode and the second

el ectrqde, the h conpri.sing: .formn chal.cogeni de, l.ayer, on the first
el ect rgg'e; ép'ﬂftgg(a Pﬁér@ﬂ%‘fha{fﬁg@'flﬁ@%ﬁg{ %86‘8% lH’é{ﬁW it ‘ﬂ%‘%ﬁ’&e’aa first

pl asma genekabhd efet@diedand £88bedhalcostmide! Inftd iRE5RBEd Btvierahe figen, thereby
form ng the doped chal’cogem de layer; and sputtering a netal onto the

doped chal célgelredecand aeeseconrd ¢lectepds elbe metisideompris@her at ed from a feed gas
consi sting i al . ing the second el ectrode,
wherein the?@gﬁ%gﬂeﬁléggélgggggg%" %@ﬁrﬁ%erc&ﬁpg?mr k function ((pm than the
first el ect spiering6ilvaPoRDY tHe Ok glhilde LRI D 2 Girst plasmA comdisting of forming a

chal cogeni de nenory el ement having a fjrst gl ectrode, a, second el ectrode,
and a doped chal gyl pegm therehydogpugdhe dontdchalcageniderlayer; adect r ode and

t he second : |- SN ver i eni de | ayer
t@,&@@}e@ggﬂgvofémﬁ tm.eaéégeg HAMBEA MyerRIE W ALY y

on the firs ; sputt ng sitTver ohto the chal cogeni de | ayer using
a first plasma coomissing aspentialyasftargdn, thecfbyrfeoming tleeseetnd dleatrodag t he doped
chal cogeni de | ayer; and sputtering silver onto the doped chal cogeni de

| ayer using a second plasma consisting essentially of argon, thereby

f or m nggt he The GRMJIVIf Rlih AdewhéSin ti'i@@hdl&ig@ﬁﬂe%fyeﬁisad $BrthdniuRleRide t he
chal cogeni de |ayer is a germanium sel enide material. 49. A method of

forming a noweyslatil e nenory device, conprising: forming word |ines;
form ng first electrodes coupled to the word lines, wherein each word |ine
> 49. A method of forming a non-volatile memory device, comprising:
forming word lines;
forming first electrodes coupled to the word lines, wherein each word line is
coupled to more than one first electrode;
forming a chalcogenide layer on each first electrode;
sputtering metal onto each chalcogenide layer using a first plasma containing at
least one component gas selected from the group consisting of neon and
helium, thereby forming doped chalcogenide layers;
sputtering metal onto each doped chalcogenide layer using a second plasma
containing at least one component gas having an atomic weight higher than
an atomic weight of neon, thereby forming second electrodes; and

forming bit lines coupled to the second electrodes, wherein each bit line is coupled

to more than one second electrode.

50.  The method of claim 49, further comprising:
forming diodes, wherein each diode is formed at a location selected from the group
consisting of interposed between a second electrode and a bit line, such that

each second electrode is coupled to a bit line through a diode, and
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coupled to nore than one first electrode; form ng a chal cogenide | ayer on
each first electrode; sputtering netal onto each chal cogeni de | ayer using a
first pl awow3oembai ning at | east one conponent gas sel ectred/tfsopmskdre group
consisting of neon and helium thereby form ng doped chal cogeni de | ayers;

sputtering nmetal .onto e h dop aalc eni de I .er usi a nd pl asm
containing at | eddfTP8 r?eﬁff § f"g‘g\i‘f‘ﬂg%ﬂﬁ ﬁf’%rﬁ"gh {R‘gfegaﬁﬁ?ﬁﬁqgher t han
an atomc wei ght e&fctree@.@,coﬁ;hed 8PY whAf IieNBrongh @bde! ect rodes; and form ng

bit lines coupled to the second el ectrodes, wherein each bit lineis

coupled to norée than one second el ectrode. 50. The nethod of clai m 49,

fur' hers SODE LRl ortARTLS S OdRRI: MIRGSI A RECH ARG, | formed at 2

| ocation sel' e con3|s bsed between a second
el ectrode anfermaingmiord lims; such that each second electrode is coupled to a
bit line thr ough a diode, and 27 WO 03/ 020998 PCT/ USOZ/ZZF?F . i nterposed

bet ween a f itPERIng figg elesigedes saupledist the Word lines, whereipgach %ord G ist  ef ect r ode

is coupled to a %yﬂe&ldﬁo&hﬁﬁp&{%ﬁsg&lm&dél A nmethod of forming a

non-vol atil e nmenory device npri si ng form ng word lines; formng first

el ectrodes cfomnhgdchnic¢§emdoba3ctrlonned1ﬁmh@ccarmﬂeeach wor d I|ne is coupled to

nore than one first el ectrod ormn achalco e Iacy on eachflrst
it o

el ect r ode; §Bﬁtl‘et"é’|g|‘ﬂedalrf’é‘f%‘?acgﬁpﬁlc%%eé‘ P Uggedi Hét HEE & first

pl asma cont ai ni NgeAt ond @APonOitYas KIPQAEENOMIRS g @abegﬁmmgbmdmdgr oup
consisting of neon and helium ther eb@g form ng doped chal cogeni de | ayers;

sputtering metal mhum,@a@hyavpemgéw glepganedd layess; usi ng a second pl asma
contai ni ng. 3} &8t Aot SRRl SRecdBH0 oy BB PILG NP Mllha N Gher than

containing at least one component gas having an atomic weight higher than
an atomic weight of neon, thereby forming second electrodes;

forming a diode coupled to each second electrode; and

forming bit lines coupled to the diodes, wherein each bit line is coupled to more

than one diode.

52. A method of forming a non-volatile memory device, comprising:

forming word lines;

forming diodes coupled to the word lines, wherein each word line is coupled to
more than one diode;

forming a first electrode coupled to each diode;

forming a chalcogenide layer on each first electrode;

sputtering metal onto each chalcogenide layer using a first plasma containing at
least one component gas selected from the group consisting of neon and
helium, thereby forming doped chalcogenide layers;

sputtering metal onto each doped chalcogenide layer using a second plasma
containing at least one component gas having an atomic weight higher than

an atomic weight of neon, thereby forming second electrodes;
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an atom c wei ght of neon, thereby form ng second el ectrodes; formng a

di ode coupled to each second el ectrode; and formng bit lines coupled to

t he di odewp osfozoveg n each bit line is coupled to nore tharcansogesde. 52. A
met hod of formng a non-volatile nenory device, conprising: formng word
i nes; form_ ng diodes coupled to the word |ines, wherein each word line is
coupl ed to ferByRe 2 figde epuples tosach sespad elgctiode; and el ectrode coupl ed to each
di ode; forg . j ! § : tering
metal ont o IR EUFRN tPEIUEHANARIR, Whtln ELAEIAK cpl O

| east one conponenmogdbasalesetad dledrodehe group consi sting of neon and

hel ium thereby form ng doped chal cogeni de | ayers; sputtering netal onto
each doped chal cogeni de | ayer using a second plasna containing at |east
one COBBONER! mERSd B REhgB - PaThisle WRINEHH) dBViBRbnipRaig: an atom ¢ wei ght of
neon, thereby form ng second el ectrodes; 28 WO 03/020898 PCT/ US02/ 27526
form ng a dfgoengwordlsdst o each second el ectrode; and forming bit |ines
coupled to the.sego | ectrodes ereimn. eac it line is.coypled to nore
Chan one. seldMITERELTeGiEe: 8 QARPhEHIREoMd bR SIEUREP) & urry
devi ce, conpri si sglipled tomidrs ghavwnd flrstedirol@r m ng first el ectrodes coupl ed
to the word lines, wherein each word |ine is coupled to nore than one
first el ect fQHBAg 7 ghalgoggnigde taysr ewerchife alegjodeion each first el ectrode;

tterin i i i.ne..a . fi . nl
zgﬁsi st: ng §%Js%§?1 Igﬁg\{efgﬁ%géaﬁgg@&%g@gg@ekyﬁg %?%g%gg]agﬁgﬁ%:tg%eﬁ?gg | ayers;

essentially of neon, thereby forming doped chalcogenide layers;

sputtering a metal onto each doped chalcogenide layer using a second plasma
consisting essentially of argon, thereby forming second electrodes, wherein
the metal has a different work function (¢,,) than the first electrodes; and

forming bit lines coupled to the second electrodes, wherein each bit line is coupled

to more than one second electrode.

54. A method of forming a non-volatile memory device, comprising:

forming word lines;

forming first electrodes coupled to the word lines, wherein each word line is
coupled to more than one first electrode;

forming a chalcogenide layer on each first electrode;

sputtering silver onto each chalcogenide layer using a first plasma consisting
essentially of neon, thereby forming doped chalcogenide layers;

sputtering silver onto each doped chalcogenide layer using a second plasma
consisting essentially of argon, thereby forming second electrodes; and

forming bit lines coupled to the second electrodes, wherein each bit line is coupled

to more than one second electrode.
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sputtering a netal onto each doped chal cogeni de | ayer using a second pl asna
consisting essentially of argon, thereby form ng second el ectrodes, wherein
t he net alwbas/o209ds f f erent work function (T.) than the fir®craiSezemsedes; and
formng bit lines coupled to the second el ectrodes, wherein each bit line
i's coupled to nore than one second el ectrode. 54. A nethod of formng a
non- volSat i | dhgwethad delaimed4, EusthsF FAPPISING:f or ni ng word |ines; forming first
el ectrodes gomphediohgs, WhSretEdtnlditess el &l 16Easdh fidlffd?ﬁ’tﬂesgro upled to
nore than one el'ectrode; formng a ch cogenl ayer on ea first

el ect rode; sputt eonsigingiof weerposdddeeadsn mecbrrcbagmmodeamchaybxt lins,isnch thaf i r st

| asna consi stin essenti.ally of neon, thereb form oped chal cogeni de
Ioayers sputterfq'fﬁﬂcd1 eronsksled 8‘%%’9%36%83“(!“‘3 WB@@%?E@‘* A{'}g usi ng g

second pl asma Conﬁb@bgéag)ee@é&rﬂﬁ@i ¢l¥ctRfde ah@@Rvord RS, 8tdh ther dicR&rstecond

el ectrodes; and formng bit lines coupled to the second el ect rodes,

wher ei n each bit elechiedd is couplpd teca worsl lingrthrouglia dinde. second el ectrode. 29 WO
03/ 020998 PCT/ US02/ 27526 55. The nethod of claim54, further conprising:
form ng di odes, wherein each diode is fornmed at a | ocation selected from
the group consisting of interposed between a second el ectrode and a bit
line, such that each second electrode is coupled to a bit line through a
di ode, and interposed between a first electrode and a word |ine, such that
each first electrode is coupled to a word line through a diode. 30
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