9 January 2006 | NTEGRATED ClI RCUI T DEVI CE AND FABRI CATI ON USI NG METAL- DOPED
CHALCOGENI DE MATERI ALS TECHNI CAL FI ELD OF THE | NVENTI ON [0001] The present

i nvention relates generally to integrated circuit menory devices and in
particular to the netal doping of chal cogenide nateriaIé‘PﬁU?Wéxpgbrlcatlon
of chal cogenide nenory elenments and integrated circuit devices containing
such nenory el enents. BACKGRCUND OF THE INVENTICN [ 0002] Electrically

programabl e and er rraterl als, i i al s that can be
electrically swi tch 'HES’% QFJJTTI V@QMNWAB&@@W'& general |y
conductive state arQS MEFSInDOPERCHALCRGENIDMATERIALS al s are one

cl ass of exanples of such materials finding use in the sem conductor
i ndustry, particularly i ' ' ~0Q0n- ' menory devi ces.
[ 0003] Chal cogeni de nat e%@é@t‘?%&g ne ‘W*%‘gﬂ@ﬁ nor e chal cogens
and one o[0001] e eTiBratdnt ih@ntidn FeldtBy g/crﬁh‘ﬂFyttBQﬁlQﬁiaiédV&rctuWelﬁ&% devices,

chal cogens. Chal cogens are the Group VIB el'ements of the traditional I UPAC
versi on of ath@ pasticuderi te theymeetal dppipg of chalgegenideonatesiall finithe(fahrication ofii um

(Se), tell ) el ectropositive el enents
are generaw &@Eﬁ'—égtm%"&r C(P‘l'rgf'g'gﬁ%é r%ttﬁ‘gc\'@"{%vﬁ?eéé:lo“mé'gﬁﬁ‘lﬂ‘tmﬁ'ﬁg ™ or
non-vol at i d:lemmim)ry devi ces include seleniumand/or telluriumwth
germani um (Ge) and/or antinony (Sb). However, other conbinations are al so
known, such as conbi nations of arsenic (As) and sul fur. [0004] To obtain
the desired electrical characteristics, chal cogenide materials are often
doped with net aI such as EAGKGRCUND OF THE [NYENTMON (Au) or al um num
(A). Figg@% Dlde ct the f r|ct|o of a sinmple chal ogeni de nenory
el enent 1 & E‘c ?'ﬂgﬁﬁ'?'ﬂ SWé‘I‘ » iR AtenA % HeamBec| udes
a first elaed:ﬁeﬂm\ﬁm&ﬂe@edv&h h@:@lﬂ rédislive sﬁ?@hﬁ@ﬂg&kéﬁll rﬁﬁlbﬁ«be state
I nt erposed between the first an second el ectrodes ddi t1'ona det ai |
chal cogeni #e wetlnowndevhe ar. Chslcmmdﬂimamhmwen@ﬂmﬁtmamplts of su¢the ba5| c
5t gggt gzi lﬂgteﬁafé%ld? s@':g the % m:c&'nductor in 'Hu’strﬁrpeargcu\far?y in the fzﬁ:rncatlon 0 nol\rll(2
volatile memory devices.

{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.c.,
oxygen (O), sulfur (S), selenium (Se), telluritin (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



1 9 January 2006 Decenber 7, 1999 to Wl stenholne et al., U S. Patent No.
5,920, 788 issued July 6, 1999 to Reinberg, and U S. Patent No. 5,837,564
i ssued Novenber 17, 1998 to Sandhu et al., each of whi r%h IS C nly
assigned with the assignee of the present disclosure. | Ja@éﬁ@%,g

chal cogeni de nenory elements are forned on a sem conductor wafer or other
substrate as a portion of an integrated circuit device. [0005] Chal cogenide
menmory el ements typically storée a single bit, e.g., a low resistivi t?/'
(hi gh conducPreamber 7e 499 toWielengolies ¢t ol DisS. Raisgd bos 6 920,788 dsstech I, 1999
resistivity (| IV | r i t d ' te.
Differing Ie{(/’elleégho E’p:g'sl‘ljicﬁ’s'tsi' \h/)%%))'/l ﬁ(ﬁ it"ﬁ'???%ﬁ'gﬂ%géﬁ%@ggﬁ ?r%)?rblrd)?%g+ g’?r@n se?glr"e
sensed usi ngeachiof evilictsi8 RemMMGl ¢ aRignad @gthvhe hssigienf e prebt distlogdie] &n
applying a read potential, of |ess than the _ threshold potential. [0006]
Chal cogeni deBSPEMirShalaogsride eemary plemeptsare formed\pna seprsrnsusior walss or other

conduct i vi t ygpt@h€Ss B¥oh éfia'ﬁlqnfé NedHrchlieklickcal fields to the doped
9

chal cogenide nmterial. By applyil a programm ng potential above sone

threshold p | al et I n t [ i eved t,o ali in a
dendritic smgﬂjr e,Cr{aﬂcg'lgg%;tqu’ c‘,’?@#ﬁﬁ“’@%ﬁg{}gﬂ%@@ g@ﬁ’a%ﬂgglf ba\hﬁ'gdggf"gasi ng
the resisti vesigtivity (high edilu6p@e))iceResphdinkabd a fikkli16git SRS add HhighTesistivity (low
reversi bl e by applying a potential having an opposite polarity. A range of
appl i ed pot<ORdEdty) somespording 4 p seroad dosic siate. tDifigring devehy efgpystavity of the
otential, i ' li | terl .
Iroesi stivity C(})'? ic'? ﬁérﬁggB@ﬁfogﬂgqeglgégnﬁ%"ﬁ%f%ﬁﬁéf%&%ﬁ%@%&j %ﬁﬁ‘l"hg‘%t‘gﬁ{ %Q‘f " Can

be applied tihe hfevidleapphisga esadiparantiyl of lessahiars theQhresliold ipo@entifle resistivity
of the doped chal cogenide material and, thus, the nenory el enents' data

val ues. [00Q@dodIn! i ChaRbpEiTHE medFPEleAHeRRTan B8 BRCHidaliPAMiccREY beéiRgen 2
non-vol atile nmnenory device does not require a periodic refresh to maintain

i ts programeeaduativity statesrnt applying yarying eledttical fieldsrtp thiedopadshalgngenide

di sconnect e ower. source for _extended periods of f] often
measared | n WAGTY BPiod 8 siramting BOREGH RPoliart el Mientl tfE meral
nmenory cel | slopéitakengarei téfic ved ©'aligh $n RAEAdrRid SRRWIrEthéteBy Fomiify corluadiivd €
menory devices will thus tend to maintain their degree of resistivity

i ndef i ni t el ghannelyandesraasinghs resighvigpetthashaleg materiah r B traasition is
potential. reversible by applying a potential baving an opposite polarity. A range of applied
potentials having a magnitude of less than the threshold potential, i.e., read potentials, can
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

2



[0008] In Figure | A a first electrode 110 is formed and a chal cogeni de

| ayer 115 is formed overlying the first el ectrode 110. As noted
previously, electrical characteristics of 2 9 January 2g06 chal eni de

| ayer 115 may be inproved through dopi ng of the chal cog H?B%aﬂéﬁggial with
metal. This is typically carried out through a process known as
phot o- dopi ng where diffusion of nmetal atonms is photon induced. In this
process, a netal layer 120 is first forned on the chal cogenide | ayer 115

as shown i ”(é)ﬁl&ié@ﬁid'c'%ar%cﬁ'?s g?:'e ri]Jirlg)‘cﬁ*re_d 18ugh Hepiaa of thechalcoperidé matediabwith,

silver, gol al™um num or ot h-diffusing netal. Formation of the
first el ect metd Thi istypicaly cheriedmubthroughed progessikaoMpRAs PROIopdRRg WPTFEd i n a

vacuum cha L. €. Q. sing a yacuum,sput [« C ( nti nue
! he. phot o- dBBissHseesta il & e s A INE ks Aol AR TR RNSEN
directed atfdriRd GRiRé cllafotRenide tayer ¢55'hd $Howvn in RigdreUsi. oThofmetablayer Bfons from
the metal layer 120 into the chal cogenide |ayer 115. The é,l ectronmagneti c

radi ati on 19pidaly genwinsithecopper. sHverogeld, glwmnym grethephighrdiffusiag metal; o g
into th hal i | 1 | : | ) 30
contai ni g CRAI o i Gaeriss (g s el PRECIEP R ARAN ffrordsin &

sem conductogcuuﬁ{@{anmés,@_gy,aw%batubm sparereglpfocess. t he vacuum chanber to
expose the wafer surface to the UV |ight source. [0010] The phot o- dopi ng

process is gfmﬁLa' ¥ EHtinkE theQHotdLBbpihg pRRcEPinighe )\, eletomagnetiompdiatian y
di ffused into the doped chal cogenide |ayer 130 as_shown in Figure IC.  The
t hi ckness 0125 isalirested|at theyeetalliagersizfuresultiog im diffusion Rfmetabatomp frogutbe mgia

dopi I I ttained in th | - :
tho meal o layer1epiaa e RsEondr togioah 1 he ShRORABRLICANEh 1335 ackRYCY
al | ow transpgkagiofd égﬁntn Bt. DA PAREINAGINS irta therdtialoogedidb layer bt Sessultsoin a
produce the desired photon-induced diffusion of netal. A% shown tﬁ’] Fi ur@
ID, a secondopedebulcogenidsiayersl Weomtainingdhe ehalsaggnidg material pd thedi ??Hdg?ff’ e
I 130 i ni ti

chal cogeni dbheargnERTaer R85 eeRtrally oh PEnER troh UF lachilh QRRHEFGKEpose

t he chal cogggiwhfer sitfite folthe U WIight doarce0f the second el ectrode 150 is al so
typically performed in a vacuum chanber. The second electrode 150 is

preferably goidf e ifle pidYd-B5ping Pidcesy RREndVANY chrvie@uOGnHIAR micka tayehE20 isr St
completely diffused into the doped chalcogenide layer 130 as shown in Fi gure 1C. The
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 metat layer 120 must be thin
enough, e.g., hundreds of angstroms, to allow transmission of the electromagretic 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 (9m) 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 bmcess. The

process can be time consuming as the semiconductor wafers are moved in and out of a
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el ectrode 110. The work function is a neasure of the energy required to
renove an electron froma nmaterial's surface. [0011] There are several

di sadvantages to the traditional photo-doping process. The process can be
time consunming as the semiconductor wafers are noved in9l3aua208f a 3 9
January 2006 vacuum chanber during the various processing stages descri bed
above. This novenent of the sem conductor wafers anong vari ous process

equi pnent al ' es, t.he chance of contamnajio r ot her .damage

duri ng. tr and g ehFBBE Yguag (6 PRl Bencst P g e fesirbgd abpYe oThio MOReHnPRS A
phot on- i nduckesesit bnduicn walferdRhiing vfahsugi@&ésedqﬂaﬁengmé&ml-eagaxha&tan@@of
efficiently attainable with a si ngl e phot o-dopi ng process as the necessary

t hi ckness ofORlEIN3jonAr othey damags duriag dransport.c Adses becayse i nestalitayer afust be

el ectromagnet:i hall 0 For the .r ORs st.at above,, and for

ot her reasoﬁg'hgct)g?{égﬁh*e o '{‘ﬁ’égn %%\ﬁ’ Fﬁfusl?gcogr?geqipglgrdéﬂfef O\ Xel may 'foég’ci n
the art upoefficead]yutairatie it & Sirpleiptgodbpinp RSB as th® A6tdssaF R tHiSkhesd draRe 1S
a need in the grt for alternative nmethods for producing chal cogenide

merory el en@td 12ysmaxreesult inErgessinsrdersion of thealeqtiommgnatic adiatidbnr f or ni ng
nmet al - doped chal cogeni de | ayers and devices containing such doped

chal cogeni dt0813} er sForthe rassensctated abovedandfor nthenrqasensmbated belowdbatovill

di ffusion o [l chal.c nide layer cqgncurrently w.th t al
deposi ti on. Be%ﬂ[ﬁpggeﬁgmg%ﬂfea?m@&g{" lﬁ%&ﬁt%’?\éeaﬁﬁ‘ﬁl aé'ddggc%*a"fj‘&ﬁ/‘g%@ﬁ?"d“

vei ght, suckpeification, térehieh hee in (hE 8nt TP dte nﬁtlﬁﬂdtféﬁ?roﬁﬁﬁhgcﬁd!&fg%id%m
to sputter a netal target and a UV conponent of its emtted spectrum

sufficient PSMORYEEEeA(s: f usi on of the sputtered netal into the
chal cogeni de | ayer. Using such nmethods, a conductive |ayer can be forned on
t he doped chal cogenide layer in situ. In integrated circuit devices, such

as non-vol atile chal cogenide nenory wlgm?opi ng of a chal cogeni de
| ayer concurrently with netal depositi ormati on of a conductive

llayer in sifog1sjth Mémodpﬂ%ms&{behhﬂr&m&%ﬂﬁﬂg%m d'&ﬁ&i&?ﬁ%ﬁide layers and

contam nati on concerns and physical danmage restilting from noving the device

substrate dgvigesrcontaining sush|doped ghaléegenidetlayars gThenmetrods! intindeasing a plasma

reliabilit Yto induce diffusion of metal into a chalcogenide layer concﬁrrently with metal deposition.
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 laye} of chalcogenide material usihg the UV component

generated by the plasma.




[ 0014] For anot her enbodi nent, the invention provides a nethod of formng a
doped chal cogenide | ayer. The nmethod includes sputtering nmetal using a

pl asma containing at |east one conponent gas selected fromth oup
consi sting of neon and heliumand driving the sputtere&‘%@yﬁﬂs¥ﬁﬁo a | ayer
of chal cogenide material using the UV conponent generated by the plasma. 4
9 January 2006 [0015] For a further enbodi ment, the invention provides a
met hod of forming a doped chal cogenide, layer. The, netho udes f&r

C i n mi,Ng
a layer of PLogdiaradurberambodinent. the pRxepHPR H@"’h@ﬁélm?}ﬂ?%o Lming A.Jopsfl

chal cogeni d Jaal [ iy malelis aadses.
The pl asna ghm §géldgg)?}éf'r3ﬁ$ ﬂ’g\%oﬁa@u%ﬁ;ghﬁ@g%g%férc?ggg%F%g%Wdri_v.ilng t he
sput t ered ngpualeringinetdl batd thy ¢ayepdf chuidogenjde ntierimh using alplasmatagraitneg ahlsastced

di ffusion. For one enbodi nent, the conpositian of . the pla | S.C
h;veuzln avet¥RyBoble afce Tuépbﬁmagm*ﬁaépg‘ﬁf"sﬂlﬂ 5‘5%8&& camﬁgg?ﬁ%@a?&ﬁ?%ﬂ%c’
ef ficiency. th'é%buﬁ%@& Rielal KB RL llqg&tqf chiRogdntdeAatetih Ohrdifgh UM -cahasded diffusion.

chosen to have a desired relative intensity of a UV conponent of the .
em tted speEbroenaenibodimen) theampbsitioy of therpbasimer is ghtssaitorbaye an anerage atomic

i ti f the_pl ' hose, h ' ] f
he’ ol asma, weIEBRETERDF oRRI AT R PUENEE PITGET o hop Py SahedThe

formng a E&]ﬁﬁ&;ﬂ&ﬁmﬂﬁe pRURAYs &loSERRndve videsired feidiive igbRsity sfdeUva second
el ectrode, and a doped al cogeni de | ayer interposed between the first

el ectrode acampdnensaftbeemittertipectdem of the plasmh Jtori yet pather emahadimgntgthe
chal cogeni de | ayer o he, first el ectrode utieri
chal cogeni d&T étf""aﬁ?dgﬁplfais'@gi'%ﬂmﬁﬁ 9 haVRAS e?‘ﬁee ¢ %{%3%‘;@ egr@?}é)rlgs% ng a

first plasma__containing at | east one conponent, gas sglected fromthe group
consi sting 0kon Ferane prbpdiment.ias mygnY Wﬁ@fgﬁg‘ﬁﬁﬁﬁg@@f%eni de

| ayer. and Sodehil helidrdleldiin® hillRe o ThalFRUBEE (PsekaiPLictivodiaid #E6SN

pl asma containiimg at | east one conponent gas having an atom c wei ght

hi gher t hanchmicogenide tayeeinyévpostd beewcen tht firetielectroderandtheisecondodendrode.c The ode.

For a further enhodinpent, the first plasma and the second pl r
sane pl as na'.“cf"!ﬂ.ﬁr'“‘%l“%if?mmﬁﬂtqhékog?fggﬂ ayehn &@‘&iﬁ@Ft#&ﬁg‘ﬂ& ?’ﬁ%l %’F@st
plasma is npdichhietbdnfuedaNG MiGiffsiRe AeeD Mo MeaSizfoogeniab l4yee uéing affirarplasima he
conposi tion may octur as” a step chanhge .
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 -
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 Jayer using a first plasma

generated from feed gas consisting essentially of neon, thereby forming the doped




bet ween sputtering stages or it may occur concurrently with sputtering of
the netal. [0017] For anot her enbodi nent, the invention provides a nethod
of formng a chal cogenide nenory el enment having a first electéﬁﬁg, a
second el ectrode, and a doped chal cogenide |ayer inter gol@BHaw en the
first electrode and the second el ectrode. The nethod includes formng a
chal cogeni de | ayer on the first electrode, sputtering silver onto the

chal cogeni de:HaRBgEnias hysl Eﬁdlﬁ%dg%gﬁg L 6dr dnftf e ?dbge(f&%ic%g?,gp{a &%gjf' Rfa YetoRg @

first plasma generated from as consi sting essen
t her eby f or ril#gha ganerptgstfiion feedigasicansisi@Gsaritially of angod sthemepe fornsinglthe second

sputtering siéy . onto the doped chal cogeni de | ayer using a second plasm
electrpde. L : !
generated fromteed gas consisting essentially of argon, thereby formng

the second @ﬁg”o%'é‘mﬁ}{g) Fogqfﬁet anot.her enbodi nent, the invention
provides a retHod of Of Bt ANPIGCEETRRRIIMERY. the ineenvefprgvidesa methodigé formingq non-
I ncl udes T Orglaill Mehidry déVace. 3k methBl %lﬁdeﬁi%rn}igé GH@EJG Hﬂﬁssan‘a%%ﬁmgiffrﬁ the

word |ines, wherein edach word [ine 1S coup an one rst
el ectrode. Flestradesmoupledto therworddines oshdreinrdactpward i is@gepled & hayethamoaeach

first elec d nd sputteri tal onto each chal cogeni de | ayer_ and
di f f usi ng nr't’%eﬁ‘i"ﬁ?’g“'e ‘T]"‘CHWQ%HB Aneladesfoapingaichalcgaenide [aypr espagh first
cont ai ni Nng glectr6dsh o : Si1.-SLing
of neon and hglri umnﬁgﬁtgﬁ@@%@m&ﬁg SEEEQ%F%’Sé%%é@PE%r @ QQE@%CEM
still furt hehal¢ogenidedsyesusinger fimpplawhatomainingen idascmeadneghaknogs seldged ayer
using a sec different, .pl asma, thereby form second el ectrodes. The
second pl as?f@g" trlrlﬁfr%lg’n‘iogf;ﬁ"_gg of%%?é’tangﬁ'@ﬁﬂé’nﬂ\ﬁﬁ@ﬁ{}g@%@g%‘ﬁﬂ’ FPegpidrilayers.
vei ght hi ghtthe ifedtivd 71 AR ifcludey PitieRhg FREN ontdl dalll H?ﬁg’ﬁa%ogﬁ?iﬁ% layer

addi tionally, the second plasma may contalin nitrogen suc
second el ech#iBgia seepnfodifferentf plasmes thdreby fornihg seeomdrdledtrodéheThesdrond plasmb

furth [ ' bit |i | ed to the, el .
wher i n eaoliigenaf 1S She comBtentBiieine i A gRis \Ea B ek Sk BB atomis.on
di ode may beeight 6PgednDARRARR]Y &%dﬂﬁﬁihaﬂg&ﬁ@@élﬁn&b%h{aqg@y @ifaid nittdgeh Se’

such that each second electrode is coupled to a bit |linethrough a™di ode.

Al 't er nat i ve(le) sigicthatihe gecondelastrode isformedoks metabaitiide wateriad, The method still

\?vl)regt Ir iogg 2fiskher #iRhded fdMfting b ﬂn@&tupf)e%ctg the {eRbnPHEGHS AL Cwhere 2400 B 1h i
coupled 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.



t hrough a di ode. [0019] Further enbodi nents of the invention include

nmet hods of varying scope. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0020] Fi gures
| A-1D are cross-sectional views of a chal cogenide nenory el ement during
various processing stages. [0021] Figures 2A-2D are croSsl2ddani<d8 views

of a chal cogeni de nenory el ement during various processing stages in
accordance with an enbodi nent of the invention. 6 9 January 2006 [0022]

Figure 3 is[@gx3he ufe 3 islaus i | bt
appar at us éu_iztggbl e for use Wh%ﬁ&?ﬁglugﬁ%%ifom s%hg?&?\ﬁg%%%ﬁ?ﬁ%% I%gaonzl%]
Figure 4 issgitablgformse withtheembedimentsof the imvemtion. array in accordance with
an enbodi nent of the invention. [0024] Figure 5 is a sinplified block
di agr am of 023ht egFigueedt isiarscheratieofor portiew bE & niemorpagay irpszerdantdwilh an

enbodi nent of e i pvention. .DETAI LED DESCRI PTI ON [ 0025] In the foll ow ng
det ai | ed deg@%ﬂeggoowcfrh@%?%sent enbodi ments, reference is made to the

acconpanyi n&wgrﬂ?vm s that forma part hereof, and in which is shown by way
of illustra spedByred 18 aisinphitied blorkdiggrasnof amintegvated riseninmompey device in

practiced. Jhasdance IR\ Thibodift i FT55; kgﬁ%ni_n sufficient detail to enable

those skilled in the art to practice Invention, and it is to be
under st ood that other enbodinents nmay be utilized and that process,
el ectrical or nechanical changes may be nade wi t hout departing fromthe

scope of the present invention.pETAILED'DESERIPTIONUDStrate used in the
| ncl ude any base sem conductor structure. Exanples

fol |l ow ng d%i)géliption _ . _S€

i ncl ude si Il on 18 theolellpwinestatailed; deseripticagf the piesend smbodiments, aeferen¢ Sl )

t echnol ogy, | | 4 st e . doped and.undoped

ser condae Brat bt aohigARFind dthwing et LD Rt o AR TEy R LT by way
sem conductafrillagtration sperifi@smbediments intwifeh BRThENNOH Glay beSpraciideld! Theste! |
known to one  skilled in the art. Furthernore, when reference is nade to a

waf er or s sekgdiments are described in swfficierd dstaili tp enairle these skilled inthe eade peactips

may have begaidlehtidd Gd §Gs @5 binderstood that other embodiments may be utilized and that
process, electrical or mechanical chahgcs 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.




regions/junctions in the base sem conductor structure, and the terns wafer
and substrate include the underlying |ayers containing such

regions/junctions. The follow ng detailed description i ther hg not
to be taken in a limting sense, and the scope of the pPe@EH? ention is
defined only by the appended cl ains and equi val ents thereof. [0026] Fi gures
2A- 2D depict fabrication of a chal cogenide nenory el enent 200 as a portion

of an integfed2d ci licKigbredey,ia06wkForfSOsle@RReR mtmfo%ed %ﬁ*mbmaé @f the
i nventi on. Fé‘?ur es_2A-2D are cross-sectional views taken during varl ous

processi ng ?fg“ glsetirde,2 1900staipopdugtiyematenial. Exampldsanrlvdeor fir st

el ectrode 210hdzel h The f| lectrode
210 contai ns lEzon gecﬁ@%lgs %E@B%¢ggﬁﬁtﬂ(§:’l'ﬁ%ynl)a“c%ﬁ’dﬂﬁ? éf§ doped

pol ysi | i conf:om:!mb@cm(e@) nitrigdsaind contictive ahdtsl\oxidedE ThE fisdtlelattrd@s 210 map futttierve
metal nitri des and conductive metal oxides. The first electrode 210 may

further confYTAINBPTE thangnesoaductiygaeaterial. Far example, the firss elestsode 2 Hhmay j r st

ol ybdenum {Neg e g Sarbof bl iihe 8 1ayer GPRIBLAYERN (08 By 3Bk gPlupesien, ¥,
nitride (Tioyerlying adhjret oltmanmhmdndeqmre) elntaddiion2the firstelediflde de0 npendlide

nor e adhesi on. or bar ayers adj acent underl or overlying | ayers.
Any adhesi 8% BF™B%3d &?O'T a%‘amsﬂamra adjagent PH@‘F%”%D"C‘%‘MU@%E Pé/‘%elés AP¥ not

interfere V\ﬁdﬂés,oﬂr&gg g el ]%gfgﬁh BeBAdR l. . For one
enbodi nent, the fi rst crtrcc)’ gt ai ﬁg sfl%ggoy or"?la %r‘%‘ er

enbodi ment Prpseﬂmmmgtofdheadtalmgmlﬂ&menmmclen;eat 20 f Fori dneambddifien@t] thd ifiestf i r st
el ectrode 210 is ferab for Si a .physi cal por deposition (PVD)
process. EXARBF %p{‘ﬁéPﬁ‘a@wku :ﬁ’(ﬁ P%F%Q&mbog!fﬁﬁﬁr 'QF 53 electrode 240 isadaygr
evaporatlorbfagnﬁeﬁputterl ng techni ques well known in the art. In a PVD
process, a source or target containing the materi al to be deposited is

evaporat ed [opgeimey PRk RE 27 iflere 9:Ibl§?%ﬁl usiils'a Sysicafvat 89%‘%?%'@?8

target material. The vap i ng

substrate dﬁwﬂ}mmd&pﬁsampbmlﬁchﬁlewhmm ar ﬂmenﬁmvﬁpmﬁaﬁ ecledifon-tanl err ed

for their eneral ab|A t.0 fo m | ayer? of high purity, limted only by

the purity 8]ap?lﬁ80ﬂ and sputtering tec niques well known in the art. Ina PVD process, a source
or target containing the 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
215 is preferably formed using a PVD process, but may be formed using other depdsition

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



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

techni ques nay be wused, such as a chem cal vapor deposition (CVD) process
i n which vaporized chemi cal precursors are adsorbed on_the substrate
surface and reacted to formthe first el ectrode 210. [0828MuayR0B6e

enbodi nent, the first electrode 210 has a thickness of approxi mately

500- 1000A. For a further enbodinent, the first el ectrode 210 has a

t hi ckness ofmatefigircosiaifihgbive difidre AU IBMhENS BOthe HaBRiohATUFAC Rérsion'oFt

el ectrode 210, a_chal cogenide |ayer 215 is formed on the first el ectrode
210. As wi t b periqdi¢ tableej.ecoxxpgn (9).culfonS)cselanivy £5e)disiineym(Tepaml golonium

preferably f | P rned ' t.her
Gepos i on CRRAR e Bemfire Ciouft AP RRa Vi bR S0 el ot nIPAC s R of
contai ns a chapaaginiatie, Be.Jcalbon@l)y siBOS® (31} igermalium ¢GeRitini (86), tend (Pb), nor e

7 o oxy g EREEn (0 gpbhosys (P cArsames AN imare (5 nshaisemith (bt Mefeoni um
i.e., oxyge , , ] ni um
(Po), and o Y/ \/ : ; L1 UPAC
Vor &1 on of  FrHereby 1 caReBac B0 S Bn BT F e onibO BT . U
(G;e) , ti n( (S gnmbi::jadgd of Ri)?}niurg_rﬁ)ndtomgﬁhr(uii) w;thfgeﬂpa’ﬂmlbl ) T?ndﬁﬁa?t&heﬁﬁ! gor(oﬁe) ,

ant i nony a i S i ). re. preferably, e chal cogeni ayer
215 cont ai n§}'£’°5m"édg§ﬁh%é°gﬁa@é%oyar 2égﬁ?'§_ﬁ'ﬂﬁ ﬂ@eanamwnﬁpkaldmmtsmaﬁéép PUm
and/or tell @eSen Wi th germani um and/ or antinmony. For one embodi ment, the
chal cogeni de | ayer 215 contains a germani um sel enide material (GeSe or

GeSe2). [00 or i , | ' haver,.215 h a

t hi ckness ofddsalgprogé}froé’?%%Eﬁ%’dﬁé%ﬂg&aeg&%arg%gﬁsgﬁ%%g]légﬁfs,gftshe

chal cogeni depprayimatély300790A. Foha flriesenstfodaperitokie oniledgenfrleQdyer[218 82 a As
shown in Figyre 2B, the chal cogeni de |ayer 215 is doped with netal 240
using a spulfigfnesyeiApPgrxiBately uce a doped chal cogeni de | ayer 230. The
doped chal cogenide | ayer 230 is doped to a desired doping |evel. For one

enbodi ment , [Q03] deAs shewvrndiodiigure 28y the ¢haloggeride tayendbtis doptd witbrmata 248y er

230, ot ety ol TPl 38l R o SRR . e il o
chalcogenide layer 230 is doped to a desired doping level. For one embodiment, the
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

.altemate 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

9



chal cogeni de | ayer 230. For yet another enbodi nent, the desired doping

|l evel is approximately 15-30 wt % of the netal 240 in the doped

chal cogeni de | ayer 230. [0033] One exanpl e of an appara qévfor&@@éforning
sputtering may-include an ENDURA(r) system commerci all HAY from
Applied Materials, Santa Clara, California, USA. The plasma generated in

such equi pnent will emt a UV conponent, thus providing photon-induced
di ffusion dugj . ri 4]y Fi i
1 ustrat orf oy dch 8- RUALEh af BBGEAE e iE InechBtibr 10 Pr% GENRAB fases

enbodi ment s méke wethieiplasnta 322. THeadenpoacvitlgasds avé pdnelPilly féﬂpﬁﬁﬁtdaﬁownbﬂ
recogni ze nplified schemat.ic ?nd t hat typ| cal PVD appar at us

that it
may cont ai n QAHOEs { 3lerchimuogly ghriag e oprizting At the apperats 3A0c dsaised herein,
pedest al  314-ppfHaln@dht a8 t: |
316. The pedestal t? %sédé%ﬁr'\g@%%d agﬁ B% rrds?%tﬁ g:‘gl%glgid Ekﬂ%the‘k{ﬂﬁ{l@ﬁ
318 is 9 9 Juoeess.y 2006 provi ded for |ntroduct|on of conponent gases into
t he chanber 316. The conponent gases make up the plasna 322. The conponent

gases are g40636]l | y Af spbtieptargee 306 posrieticdto awﬁdi)ﬁérs'bhﬁ:emlatxs Reatddliy théur i ng
the operation of the apparatus 310. As used herein, nponent gases do not

i ncl ude any c\')é'ﬂ?B?‘i Y&y Thetgeset 326 may ke aplate famed of |‘hﬂgm?|ﬁé'als‘91het5§lﬂ“efp¢ .0cess.

05501 4 S 8 COTRGGRR | o B RS s i

to be sputt dighddiffuSiomnmérals sath ﬁsatqyphalsﬂvdrpgdﬂe afd alunsinedl. Bxcéd®r dperit REse3fare

t he chalcogenlde | a 215 i ncl ude h-di f f usi on neta S such as copper
silver, gol @ ffamvfﬁFﬁlﬁPﬁs"E%b@k’@tt‘}ri" thrpughasent 42 by @rvagiirs pumpt(Ret
dep03|t|on G r 316 through a vent 329 by a vacuum punp (not shown).

[0037] In the magnet ron configuration, magnet s 327 aid in the devel opnment

of the plassgs T, r a | eation o bi as

across the ? ar get 3'5'6‘Iﬂg "mggé {:@? g%ﬁ- "rar% ?'t ngg%%%g%'?g@eaﬁ%@eggiogwcg&g@g

Magnet s 327 phasmad2le Mhelphesath 3p0is feimieday tha bgRicadd® of a bias across the target 326 as
a cathode and the substrate 312 as 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 doping 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 east argon and neon. The plasma could also be
generated from feed gas consisting essentially of helium for its increased UV component,
but such vse can lead to undesirable reductions in sputtering efficiency. Use of lower
atomic weight gases can result in much higher ope}ating pressures than traditional PVD

processes, e.g., 30-300 mTosr.
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[0038] In order to increase the UV conponent emtted by the plasm, |ow
nol ecul ar wei ght nobl e gases are added to the plasnma. In particular, the
plasma is formed at least in part using neon (Ne) and/gr hel i lﬁgbéHe)' The
pl asma may further contain other conponent gases. One eX&APYAYiFS%%rgon
(Ar), which is commonly used in sputtering processes. Wile argon's
spectrum has a UV conponent as well, its relative intensity is relatively
| ow conpar ef#088)] t haBy adjustingrthevoloaiei perentagesofi the ghdes mged in genemting thees  of
metal diffusion. Eor one enbodi ment, .the plasma used duri ng hhe d?,Pi n?h
brocess | s PRV ARIAMA F38 Re aragralphayinenatvefige SR relglity g herE bptweep the
anot her enbiocsRitémid Weigh! SR 428 dnd fe'higHest AEMIOREIRHL O BE BRsts CRIthA NS
hel ium For yet another "enbodi ment, the plasnma used “during~the doping

process corfMARIEE, aplasmasan be created having om average gbashrweigbtisufficiesttotfacilitate a

OV conponerteSie Siterg effiiench, SPHu R irucy adhsrallielfik i b phipper o Gf22e
sputtering #bms ejeek@per ldepient ioh?%fca!l?ﬁﬂhie% | faboGla®.$ .5 aSputRAbg t 0i goguch

hi gher operating pressures than traditional D processes; ‘e.

., 30-
mrorr. 10 Ffieiancy largalndeteoniney theyaig of sptienimplaatation enéemitiaent%ag@qm t he

gases used JgR.: ' a | asr . he. gener .navi an
average at g Ueadichdfon § ByuBr A fRaR, MeRAR BERSRTF A SRS SR ke
gases and trhatetialghass oftiohibazding i3t thefentdps of dsecbombdidingiions, BB ErystaPstpleas M
can be created having an average atom c weight sufficient to facilitate a
desi red spAdeprtacs ndingieaergy. Sputtering efficiency generally refers to
the nunber of target atons ejected per incident ion, typically in the
range of alB00lo. 5luis Boted that mheramorethan twe gases imakg apytheiplasmai maltiplehe rat e

ey or FSBBADORhERGE! HEF R bl R ol e baSY SR RERABICE °
material, mRKAObf b%l”ﬂigérﬂ 17895 h&rsandt 17180 ﬁélﬂfrﬂ}%%ldnﬁbewﬂpﬁmrdﬁbﬂﬁiﬂ]ﬂ@@s thelose,
crystal state and sur 0040] It is noted that where

ace bi ndi ng ener g'y. ‘?L \
more than tSafHe g¥erage poruc weighhas pmixtwee ofnk% argon, 6% msrn and 3% heliumts e
gases can ce the sane average atom c weight. For exanple, a mxture
of 5% ar gon, Yo neon and 17% hel i um by volunme will have approxi mately the

[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 is recognized that these values, i.e., the desired relative intcﬁsity and the

desired average atomic weight, may be mutually exclusive. In other words, attaining one
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sane average atom c weight as a m xture of 10% argon, 67% neon and 23%

hel i um by volune. [0041] By adjusting the vol une percentages of the gases
in the plasma, a plasma also can be generated having a W conponent t hat
is a conposite of the spectra of the individual gases En@"HaNi49§Ca

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 ivaltdmaprefiie-a dofprbinise 6B MEStherd Cﬂieﬁﬁ@iﬁo&?{'l H I%H?&tﬁgulli%'téi'g a

relative intensity of its conposite UV conponent su Bt to prodice a
desired | ev e‘?ffﬂ'%@wﬁmbmewof mmusn@#wmwh;nmplaﬁmdiamg tile. dekired s

not ed Lhat RBKiSe TRERiS1A0 Aol 9ARER o EKE NS 15 ia RS R LARLS £oces

conbi nati ons O ese ases can em

relative i ntlammgtqn aviefpé Alomio wa;gw;:ezfr th@&csﬁé&\iﬁzm:bhc‘lﬁtpmﬂﬁ} felpdibange a
pl asma havi a desired relative intensity of its emtted UV conponent and

a desired aVErQgeteanygithe Wb'ﬂt’"qfﬁﬁéefgfﬁp@mt g‘!ﬁéﬁ emdiugmgcafplam havingthe

ecoon zed thad g ufmicShaphsRa UipdOnRRe GHELTRES: comPARLTE A Peand (e

desired avercagpoatmn rgasesvhmwg:lgta, relatiye Intengity 0t U\eesthpisieh Enedr theldeldRéd Wtﬂé
at t ai ni ng one 11 9 January 2006 value nmay require a conprom se on the

ot her. AUEPRIY- of conprom se would be to determ ne the conbi nati ons of
corrponent g?@ﬁ&lpr oducb&? a plasma having the desired relative intensity
and then to Cqmﬂb@ﬁﬁifﬁmﬂgcpﬁ@mfs mdychave differingt spgetes but thavi ng

d A h od
moutd pac, St daite Bitns BedalEe BF SadcTlm Lo A alfecl dittusionrisst Ay b
pl asma havi desitable togesduced specifia emitkid ﬁmiﬁ@}esﬁﬂﬁgyi‘ﬁhat %&Bﬂﬁﬁ@y op of
| a

t hese conbi natiogﬂ(yof the _conponent gases having a tive intensity of
its UV conpSheftrediment. ganixiye pbepmpangnt geées ismhgmﬂoy!roqwedsl}asm&&-spt:ﬁlmm of

components gfe @ififi I ffer.i ectra,
rel ative int ensél t fgr %@%ggsgg @@g%%rpr um c%‘ agf%@g"a‘f’ Qf?p?ﬂef"f %?éF%ﬁ CP%%"Béo
it may be prdiucabbesited specdineof the s@aRin plashid Rdvatk 5RIAEF 1021I0T visiBlesul ting
pl asma. Accor d| nr% Ys for
than a plasma consisting of neon. For another embodiment, 2 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 (o 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 503A 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 503A of germanium selenide (GeSe), approximately

336.3A of silver were detected on the surface of the germanium selenide. Thus, for argon,
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one enbodi nent, a m xture of conmponent gases is chosen to produce a desired
spectrumof the resulting plasma. For a further enbodinent, a m xture of
conponent gases is chosen to produce a desired spectrumof the resulting
pl asma having a higher |evel of visible conponents thaflJanyars<Ages

consi sting of neon. For another enbodinment, a m xture of conponent gases
capabl e of producing a desired spectrumin a resulting plasma is chosen to
produce a t aktdgeprespned Bat erfly approximately i3 hZAafahe sitvee difirspd inro theggesmaniom t he
pl asma used Jjd); ygrp'utteri ng process for doping of the chal cogenide | ayer
215 are selected to“produce desired diffusion and sputtering rates. [0044]

As an exanpl how t he. pl asira conposition affects diffusion, an
exper i nent @gglund YRS tf’?;réﬁﬁgge? top;qr gesong slestigde 80 isermed emthgaoped ng

different plaafagenitiéllaye Pt hesEcSiliWiai ARt 250'58AE5A) RlIoHRIAL Lk Suiadifeld 2
pl asma generated fromfeed gas consisting esséntla ¥y of "neon,
appr oxi mat el ap thofirsgelectrods 2 MerAwerdingip the stcodd electroda PO coritainé edndub®RA of

germani um sel.eni.de (GeSe).. It . is presu t hat . approxi mately 300A of the
silver diff u’ls?g‘a“?qm‘%(}a i‘-)sda?‘%%‘mﬁl'%‘é‘fegﬁg%g|P8§/)@f'!cmncaf’e¢n, magdals (ipdlpdigga

pl asma  genaeRiqsry madls) eRcla AR YE FRsthiShlidighse i . QW .
sputtering approgli-_yrratelsgl 4%8. OX\ of éﬁlie‘?csbﬁ‘ff@ng%gér%%?%%@% 0 tive
ger mani um séndipl axddescdbe secondmiesiioda 230 may $@6hes Aonthismbresthamenecaduaiteed on

t he rface . he ni elepide. T , for argon, 12 9 January 2006
it i :upr esurr"g"jde'{'ﬂatl ,9%?] '9°"&3E‘]F %?Pﬂ‘glfléfvdf%aﬂayo’t“cﬁ’ﬁ' o8¢ P(/E?O'%I?qh‘g@ﬁ)é‘”i nt o
the ger mani Wairies ¢dyens aiﬁadeamsder!&%]ova@}m% Pyess. t&nﬂcﬂiégigni%,PbaﬁieIé%gePrThe

second el ectrode 250 is formed on the dope chal cogeni ayer
second el ectSherld preferablyrhercandyctivelas emaottiterfererwitly prajramming ofithe thalcdgenite

el ectrode 2 ' , e seqond el ectrode ,250 cqntalns conductiye
mat eri al . Exar‘rnpq%ggﬂir"‘r;]!a!él ng% géﬂ%ccﬂcﬁ?gmﬂﬁb 88“6’&%?‘?%086%,% E%ﬁ‘ﬂ?l?’r‘f?ét é?"s
(i ncl udi ng arfefiteeibodimeritphe second eRictradid B5is aMByedlofSilldrci des, conductive
metal nitrides and conductive netal oxides. The second el ectrode 250 may

el ect  ode. 250 My | Hel o o SHRTES0 s BRfer iy Roiea yoifl FEV bides: R 0
under | yi ng Be fasmed byiataer|imstheds sushgs E¥Rbechniques. Beherseeond dyarode 250 is more
preferably formed using the same PVD apparatus and target as used during the doping of
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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shoul d preferably be conductive as to not interfere with programm ng of the
chal cogeni de nenory el enent 200. For one enbodi nent, the second el ectrode
250 contains silver. For a further enbodi nent, the second el ectrode 250 is
a layer of silver. [0046] The second el ectrode 250 is priefauam3Pofor ned
using a PVD process, but may be forned by other nethods such as CVD

techni ques. The second el ectrode 250 is nore preferably fornmed using the

sane PVD appefead gas endisting 8knpflly TR oflUThe 8epoBRiofl @RaMBer16 it E¥acuated after
chal cogeni de | ayer 215. In this manner, the second el ectrode 250 may

- . - - - be
formed in d4h¢ désifedidoping lenshisitainedc Subsequently, formatier of teuesang aleciiede gan

cont am nat i i d wth . tr of the.semn or
cubstrate, RedertgReF g BRGHa Y22 chlbba b MINE B oh B ECNERANYEL
fornmed by sprgdrerAhgnadiehy ortdiworally] the sétond glasma32e e doRtain ANDZeR 3P .
[0047] For one enbodi nent, the second el ectrode 250 has a thickness of

appr oxi mat elO¥YgeHloorm sondugtive metal mitsdesorsBelak@xides, respectvelind el ect r ode 250
has a thickness of approximtely |1000A. [0048] For one enbodi nent, the
conmponent g&eM91usedligmativelytbpicnmpofient iges fecth admpesitivnieould he chanpsd without

evacuated from . ILtion.chanber, 3 pELor to,fqrmti f the.second
el ectrode 288° Vﬁgt'gﬁgﬁ&gﬁemgﬂ? ﬁ%wbcr é?ﬁ'e rpﬁ*&%'gﬁﬁ'"?é’?ﬂlfrﬁ%@!foﬁﬂ' € the
new conponefiyega$ssar B pdrftimiéanRigta csumpzfneﬁ:fzg@s SR¢ prasme e haAdg aZist. For
exanpl e, doping of the chal cogenide | ayer 215 can be perforned using a

pl asma 322 gempesitien o ipsisang essgntiatlyofagos Asthaedesised doping leyel isg

essentially . osi tien,cha r.316 i.s evacuated after the
oot red- doptBoRaHa; mFeBPBRE eab RRTOANIR! crdsears R RERR! EimBniRh, g

el ectrode cadnsiftingresdntaleof argbi g For tiséxample; thedneémitidn of aipdndn tiRglates
consisting essentially of argon. Alternatively or additionally, the second

pl asma 322 A% Wil thusigradyally infaease es argopd fedite theglappsitina ghambes 31Htapd mixed
nitrides or ' [ vel. Lyvehy. . nent
Gas T ood cofbesare AEH ACBRTEMNSn o it iasrd S/ BBk Uink W7 BiYRRP
deposi ti on svasgestomidweighr a¥ondiowver UDPcorgpaicnt, e dyrahticowoitdenift aver 215
can be perftor med fus_i ng a conponent _gas _and plasnma 322 having a first .
rom 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 doped chalcogenide layer 230 is indicative of the data value stored by the

memory cell.
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conposition, e.g., consisting essentially of neon. As the desired doping

| evel is approached, the conponent gas feed could be changed to the second
conposition, e.g., consisting essentially of argon. For this l e, the
concentration of argon in the plasma 322 will thus graédgTW¥y§ﬁ@$gase as
argon is fed to the deposition chanber 316 and m xed gases are drawn off.
As the conposition of the plasma 322 changes, driving to a higher average

atom ¢ wei gpe0529d/ OFigarel PR schBmSRINOREAY a pbrlidn Y B MEnicry \erdy 40O Bbithindney
fromdiffusion and toward deposition. To decrease the rate of change in the
conposi t i onchdi¢ogenide memony ebaments RRO asadnsenifeadthegein. The memnrpauay fohinchidesiape
changed gra Vg | d,of king.a_s . 50]  ERQr.:

enbod ment - HuReeror hARBSAINELO TR HIa RePlrEly FLYRUAGne G, 3piIEREARly

coul d be coafaysstDOusntain MmilfioRYbEIhesmORbEY cells #05. BhasmmorycellF05 inclabesadn
enbodi nent, the conponent gases are chosen such that a desired conbinatjon
of diffusi ofPalcaggnide sramanySlerernt 208 coupled betweema figst cordnctive lipesueh sewaidyh

enough rel a;j - At [ <Of Siqlel: | G '
ber ore 1 he- Loy 16, 08 18idd8 150 ThedIBRSLIS if orBPLouicd bein B8 p SABnA SoRiEHVS
di f f usi on oRnerstelt asi bit lind 420, dad dsk chaRbgatddnimémonayiemerSI00. [ Ardtivel guliee 2D
shows the chal,c ni menory el ement 200 upon formatigon of the second

el ect rode 2#gde gﬂic‘ﬂ'ﬂgpese'éﬂl’@gﬂﬁ@ﬁbﬂ‘ﬁ fsisaodpctvsding aed she e plepBEPEE cogeni de

I i nt ke | £atipad
250 Tho  cRal o aaT T dipdt 413 E6ls U e Te Ay P0G <R Lore

chal cogeni d& grespngoftmkmonheslis 300veupledtethefsami avald tiad 440 ateagpieall yieférsade r

230 is indicative of, the datg val.ue.stored by the nmeno 1. 14 9

January 2008 ¥3d8%)0f EBgaeR CEﬁF-s_EQ‘eé"é%?e?rﬁfqué’"éHU{]M“’rfB°ﬁ “'ﬁw?ﬁ@ﬁm&’eda“’rfﬁ?mr y

array 400 camieNiniifth20°akGABAY RferfBTB Y 2 SORARISfmdlnAgdescr i bed herei n.
es numb ell s 4

The nmenory array 400 inclu er of nenory c 05 arranged
general |y igggk 3 l. Sy i r. | 1.LlL.ons
ot hose” miegsYl g e 3at T npliel ALk AR or @Y ARGy Hellch
menory el ernitin206brdmeplveith Hreémbedinenf off the imentiow t Thememoey doued500sis \aaiod -
i ne 410, z‘ln?g al di ode 315,. The diode 415 is further coupled between a
second condifidt)igmemory device containing chalcogenide memory elements in accordance with the
invention. The memory device 500 includes an array of memory cells 502 including the
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.

[0b54] 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] Data is input and output through I/O circuit 520 via data connections 530. YO
circuit 528 includes data output registers, 6ulpul drivers and output buffers. Command

execution logic 522 is provided to control the basic operations of the memory device 500
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line, such as bit |line 420, and the chal cogeni de nenory el ement 200.
Alternatively, the diode 415 could be coupled between the first conductive
| ine and the chal cogenide nenory el enent 200. The di ode 415 sez{ gs as t he
access device to the nenory cell 300. A grouping of ne ugi| 0§ 300
coupled to the same word |line 410 are typically referred to as a row of
menory cells. Likew se, a grouping of nmenory cells 300 coupled to the sane
bit |ine 420naesponseiocahirgl sigfaty need védviasostralcigmahcamnections 526 & $tate njagbie)

Figure 5 is sinplified blpock diagramof an integrated cirguit nenor

devi ce 500 151 RLEa b B videdilo Sonithisaes i Abraforsivertpiroedion B MRl By

devi ce 500 ispd@eN9NThe/@rthhh®eBRIREY 103RYS 20nARN stltd inhchifd 524 OHFBY staerAROr Y

elenents in accordance with the invention. The mam)rci/ devi ce 500 i ncl udes
()

an array of rptensdyo eefandrof Oizcuiy taichintepl réad, writes esase and ptbecinamonyyeperalions.

| Th 502 i nged .i | urality.of
ddr exsabl o Rl et 818 st ety bitd ToE AERFC aR Bolorefvhikdliag; oe
banks 504, 3R¢moyanaeGolgled (AL ek EMAPPricAAsEHS SOTDE Spenaticidsttesimabl e rows and

colums of nenory cells. [00541 The data stored in the menory any 502 can
be accessed (903610 SN dprecPhaNE fifidsd SKifd Mne s ira? 38 bAA kGl ikd

address register 512 via address signa connections 528. The addrésses are
decoded usi egnisalrdignidooddel ppgvided, B6d thnat s wemory dexiqgatf§ Fignradrhas begtk. The

B e oI BR Lo s ER ST eI e Bl
circuitry 53falferily@feVice Wihtcded RS Srolife@enbal biBesstarddifPef thPRhdndr§ ahdput
and output through 1/0 circuit 520 Vvia data connections 530. UO circuit

528 i ncl udegotiarempletedescriptifinnfalithe elempats agdifeaturss afial typitad meniory deyise-
Command execution logic 522 is provided to control the basic operations of
the menory {R457je 588 r&bghizddby diose 2Killed imthe aspmemery devicestafthe Bipgdedcsibed

recei ved vi ﬁ control si gng{q _congect I ons Ség. A state machine 524 may al so
be provi ded"TERYREEBFALHEONCRAEE IPan MFGASI SUFFLFORIYNEIE 3 YSERbry array
and cell's. {dRicondunitiesices VThO i el crédit %”sqfawne%lt@iﬁdﬁ%ﬁ%ﬂ%é egan be
generally referred to as control Tircuitry to contrdl read, wite, erase
and ot her neirewits asp eypadallymepeated multiple times on each substrate. The substrate is further

processed to separate the integrated circuits into dies as is well known in the art.

[6058] 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 1o 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.




The data connections 530 are typically used for bi-directional data

communi cation. The nenory can be coupled to an external processor 550 for
operation or testing. [0056] It will be appreciated by %gose sﬁé@%ed in the
art that additional circuitry and control signals can and
that the nenory device of Figure 5 has been sinplified to help focus on
the invention. It will be understood that the above description of a
menory device is intended to providecNerUSIoNnnder standi ng of the nenory
and is not_a conplete description of all the elenents and features of a

typi cal nment$0leyiMethods bosheemdesceibed fiorfeanipg metddopsd rhaleagenidedayersand
menory devi Gag. &fco}lﬂ?m{:%ﬁ?chqﬁ%g& c!paqgoegten%’e%ﬂrsarﬁeqﬁlglﬁo?s! in}.(l d@ggi'ng%ﬁ%nﬁs an
i nt egrat ed circuit con Irnrn a vari semn con ev ce e

integrated o mdunetdlffasssubpﬁretaednby caal&ugaﬁdeem@r contergn®yedith metat degositimne
typically r_ggeated multiple tinmes on each _substrate., The substrate is
furt her Blagma Pen@@ﬁar least opp goblergag Pf loviatemic, Weight. isuehasfieos ofbekiumye |

k t h
undor st andi Aok BPSTARRZtaulef il ERARLER OGS HESCalinFind UV Comencof o
to scal e anis emlt&ﬂlspectmm suféiciaht ioridﬂudediiﬂ’hsibleaf the aputterertimetay énts ther e not

necessarlly |cat| eof the r atlv di ne sipn of SU&ﬁhlndIVId

features or€ Faide Y&bppﬁ'é‘ét‘i’ Bradion 1"5’“’“ #ET Gy ﬁﬁ@eﬁroé ‘H‘b‘boﬂeg be
used for déﬂmb%l‘:ﬁ’iﬂ@h Bﬁowgﬁt qﬁe'?%hgp c.lc?ﬂ??lmésl ShUBhorlLvBrIAE Qﬁ‘ﬁtl:ogemdc

characteristics were ormation purposes, It
r ecogni zed mkaory devices) dopangofid chalcaggnideilayer tmauaduti)ewnhtmgalade@asmom enﬂ t

devi ce nS|ons or i.ncreased perfor, ce and fabrl atlo cost s.
' a1 orfOTPAEON St CondHct W8yt 1 g AT, GopBE A5 PercgRisaRaNie. e FRYFS oo

by absol ut ecdi‘l'ldiﬁ'ﬂﬁh&ﬂ@onceﬁ@‘iﬁ& ?hﬁﬂéaﬁ daindp¢ F&‘éﬁ’l@ﬁgtf rh fhovify th@ﬁéh@é‘snfb@ﬁate
sensi ng technol ogi es are expected to | l1tate reduced di nensi onal

char act er i sfromdoeifto tond, ﬂ)hafmdgamgimpmvmdevmeerm&lhly descri bed herein,
particularly as they relate to | ayer thickness. 16 9 January 2006

CONCLUSI ON [0pSTI601 Atttonghl spdvificehissdimaatsdiavid bekrf itlnsttaedambdesedibdd lbogin gt

hal d d d t h d d chal I

el cogen ] B Sveeciaicd ygﬂﬁéggﬂéﬂi‘arﬁ‘;ﬂ 19 113 St that By arvangemen thatle | 2Yers:

calculated to achieve the same purpose may be substituted for the specific embodiments
shown. Many adaptations of the invention will be apparent to those of ordinary skiil 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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to induce diffusion of nmetal into a chal cogenide |ayer concurrently with
nmetal deposition. The plasnma contains at | east one noble gas of |ow atomc
wei ght, such as neon or helium The plasnma has a sputter vyiel fficient
to sputter a netal target and a W conpé®ent of its em’t Ha@g@@ rum
sufficient to . ng:lJr%e di ffusion of the sputtered netal into the

chal cogeni W& SGBMEYUS: ng such net hods, a conductive |ayer can be formed on
t he doped chal cogenide layer in situ. In integrated circuit devices, such
as non-vol atil e chal cogenide nenory devices, doping of a chal cogeni de

| ayer conclrr endimetivid &f oot adioped chilorgeandd layenraemtprismgof a conducti ve

| ayer in situ with the dopin f th al cogeni de.l.aver reduces

cont ani nati on c&f @%mﬁﬁgoﬁﬂfg%eélfa%ﬁﬁ ngj&]ﬁaﬂwﬂé‘y ﬁ"reéjﬁﬁes%‘fﬁ ﬁga the device
substrate from toolpihénd &ltaininBWs ldagtinkicbaipbRdht isBPsepacest Flemithegroup
reliability. [0061] Although specific enbodinments have been illustrated and
descri bed herein, itcongisting penegppndbichgwdansy t hose of ordinary skill in the
art that any arrange . t LSy : I: E$ame purpose
may be substituted f%%ﬁ%lﬁén%pnel%@%ngoa{gr%rlgg%%ﬁ%ﬁi@Iﬁ%ﬁ%@n\{gm}%&ny adapt ati ons of
the invention wll bsngppencfthd plashase 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 limted, only i ' [ : 17 18 9
January 2006 V%glgllflé{ﬁg? g?%@ﬁ":l g‘gh?gin%\h%}tl 0 eﬁ@g oa?én{]ﬂ?ntéé%‘% opaggfm

chal cogeni de | agbmjdeqomprialsi ng: sputtering netal onto a | 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 and

di f fusing 4 he n?ﬁe@heﬂhﬂ&@f&lla?r‘nqh@h&QQQHaﬁﬁsﬂEtfﬁ{ﬂe@lcoﬁﬁanQ mbld\gas component of

the plasma. 2. The nethod of claiml, erein the chal cogenide material is
a germani um sdiavnigla atemarweipht [gheftleanraet dtodicofeightaifmedn. wherein t he

pl asma further contains a noble gas

4, The method of claim 3, wherein the noble gas having an atomic weight higher

than the atomic weight of neon is argon.

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.




havi ng an atom c wei ght higher than an atom c wei ght of neon. 4. The nethod
of claim3, wherein the noble gas having an atom c wei ght higher than the
atom c wei ght of neon is argon. 5. The nethod of claim 1, wherein the
plasma is generated froma feed gas cod8isting essent|§bﬁ9”@W5%@@n 6. The
consi sting

nmet hod of cla wher.ei.n th tal IS |l ected from.the
of al um nu@n mfllﬂ‘f'e‘i“ cthef jof glaim | gwhew th‘?"ﬁ chiceroateril cep Pa5\1'if'|ere| n the
chal cogeni de nBg,rd|&hef QB $roft th'e%?tﬁfp coRSiStiF %%1&1@5&&&@1@1‘1{1&0%& he

group consi sting of oxygen, sulfur, "selenium ~telluriumand pol onium and
at | east one eI@dm&t omeeetlemt:ledel‘ept@mfnoltrethgrmw copeigking of gaymehivpmattson,

silicon, german @1 tin, |lead, nitrogen, phosphorus, arsenic, antinony and
bi smuth. 19 9 J 2006 8. The method of claim1, wherein the

chal cogenide material contains at |east one elenment selected fromthe group
consi sting of seleniumand tellurium and at |east one el enent selected
fromthe ¢toup aorethest ¢frfgn‘emggleiqm®phﬁ1¢maldeémer,rﬁ9mpnsmg A met hod of

form ng a doped o(frgﬁl aolgg (}%hlﬂ@é( emd Crﬁﬂ@xﬁéls' ng: forming a |ayer of

chal cogeni de na erla et es froma netal target in the

presence of a pﬂpaaamg:puﬁlalemfra@ ambtata@getlm&e@ressmdbfm;ﬂm dmitaigingener at ed
fromat | east one nobel ? de ositing the sputtered particles on the
| ayer of chal cogeni o l¢ast Beanapaid le‘i‘ﬁmabﬁ@ﬁtﬂémrﬁ’ﬁélﬁf‘i’@“ #tigass pue pehd@2parti cl es

into the | ayer eneh t he

pl asma, wher ei n&gal gﬁégﬁ%‘?g{rt%%%%gfsal éh“u‘ﬁ% i P%Eéfige?ilg ar gttegglf %ac{)c} med in
situ. 10. The r;ﬂtoltmiiffmd‘ing:ﬂmspu@cre&\pmleieslnttb]dlermyﬂloftzba:lgmennbnnamai a et al
selected fromthe group sting of alum.num, copper, gilver and gold.
11. The method B&NEN tﬁf:@era'ﬁﬁb %ﬁmmw%nﬁ% Seafwgraea SHdrticles into
the layer of ofiRksREeRhSScTRIBIHhA] inQfGUrs concurrently with sputtering the
particles

10. The method of claim 9, wherein the metal target contains a metal selected

from the 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.




fromthe nmetal target. 12. The nethod of claim9, wherein the plasma is
generated froma feed gas consisting essentially of neon. 13. The net hod
of claim9, wherein the plasma further contains helium T%Ah Tr&ﬁ t hod of
claim9, wherein the plasm further conf8ins argon. 15. SPREUARAISR of claim
9, wherein the p|as further contains at .l east one noble gas having an
atom c wei b‘{%\t dﬂa?’é‘rgg’r‘ffiofFE‘F‘H‘z?ng’ﬁ hfERR Yt of neon. 20 9 January 2006
16. The nethod aflegtid Prlporchf SR8 for HEPIhsthd CbmHRiIRChdoRGnd QIRANIME Jases
for the plasma conprising neon and at |east one noble gas other than neon,
each conponent gas heetilegasetherttban eeonwedchivompanehnt gds bavinggn elomiere
percentages of the co 1lent gases to generate an average atom c weight
sufficient to facil i‘tvgﬁg’a?n esired sputtering efficiency. 17. The net hod of
claim9, furtheradpRfE veuRE pef@hfgtd HOME 0HMPHRMt o RS BSgdnefatd AEavirasm
conprising neon and at | east one_ noble gas other than neon;_ and adjusting
vol une percent ages oftoptieweighpHEeienidadeclitaty adasued srutieripg sEiaeChavi ng a
desired emtted spectrum 18. The nethod of claim 17, wherein adjusting

vol une percentages of the conponent gases to generate a plasnma having a
desired eni1.t edThepmethodmf claithOh@rthepomnpidsesg:adj usti ng vol une percent ages of
t he conponent gases to generate a_plasma having,an enmitted spectrumthat
has a hi gher | evélectng camapaneat 23867496 HisRlasMa GBI SRR aélgr‘i‘f %‘“ﬁioﬁ'ﬁ neon

alone. 19. The met hog 9L o&d &haP tHan £t conprising: selecting conponent
gases for the plasm conﬁrl s ng neon and at |east one noble gas other than

neon, each conpaljesiinggatirhapéroentages/df theaoppoacit gasesitd gerarnite agdasspect r um
and adj usting vol une Qer.csnt afctje of the conponent gases to generate a
pl asma cmi

having a desire ed spectrum.

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.




having a desired relative intensity of a UV conponent of an emtted
spectrum of the plasma. 20. The nethod of claim 19, wherein the desired
relative intensity of the UV conponent of the emtted spectru t he
plasma is a relative intensity suffici gﬁt to produce a%d‘g’é‘f’?'é'?oﬁével of

diffusion of t sputtered partpcles into. the |ayer of chal cogenide

mat eri al . Q%ﬁg%gfg%ngifuﬁPﬁ%cmW&g'of claim9, further conprising:
sel ecting conpofeRtingas@poicdt gidRe ftRSPRsAL BRhpSdiNGna8OIhda teast oleeast one

nobl e gas ot her than neon, each conponent gas having an atom c_  wei ght and

a UV conponent of i teohdprastashiershancnaonngach companeiit gas havingastomip
conbi nations of the ‘%glgﬂp%t%ng oﬂgﬁ%ﬁﬂs%gﬁf%?d sg,le .having a rel ative
mtie m o

intensity of a UV conponent of an spectr t he pl asna

sufficient to picdehiiging atRaitnted corbiatiofs oftthé terdparenofasehprogipeinger ed
particles into the |ayer of chal cogenide kK material; and choosing one of the
conbi nati ons of the RlBHRLRBHARS ElE RN it BY coamenentiod ah e ht

nearest a desired AVeka0e O adhl hcieddy pRICB UBARAIE LA m O, FurLher

conprising: selecting conponent gases for asma conpri sing neon and at
| east one nobl e gasdifiikien of terspogand padicles cooperiepdr ofabalbeganidy an at omi ¢
wei ght and a UV conponent, of  its emtted spectrum determning at |east two
conbi nati ons of the ®8¥H8Y gases producing a plasna having an average

atom ¢ wei ght S&{ot)giﬁ% 8AL of MelcBfibidatiBhEofihe 880pERE: SRUE hAhDan 8¥drhgd ency;
and choosi ng one of the conbinations of the conponent gases producing a

pl asma havi ng a desitpmit weilght noaesst mtleawsinyerage atoc worghbnent of an enmitted
spectrum of the plasma. 23. A nethod of formi ng a doped chal cogeni de | ayer,
conpri si ng:

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
photodiffusing the sputtered metal into the layer of chalcogenide
material using light emitted a plasma containing at least two noble
gases, wherein a composition of the plasma is chosen to have an
average atomic weight sufficient to produce a desired sputtering

efficiency.




formng a | ayer of chal cogenide material; and sputtering netal onto the
| ayer of chal cogenide material; and photodiffusing the sputtered netal
into the layer of chal cogenide material_using light em tiﬂ%d a plasm
containing at |east two noble gases, wherein a conposi t3-GY8 %qu pl asma

is chosen {0 haye an verage .at om c. weight, .suff.icient .t.0 oduce a desired
sputteri ng£4' ef f l?ﬁ@ﬁ@?&og?ﬁg‘“3gﬂ‘ﬁg]‘?r9mfﬁﬁ)‘gn°@ﬁ.gasr‘ﬁéelﬁ‘éq?ﬂ%rarrg & UPm 23,
wherei n each nol)nSisBASof el Acbeshd 4:96n.t he group consisting of helium
neon and argon. 25. A nethod of form ng a doped chal cogeni de | ayer,

conprising: formng a |ayer of chal cogenide material; sputtering netal

at ons ont he | aver of.chal cogenide terial: an t odi ffusing the
netal ato f'I‘i nt%“%(‘ﬁ%"qo%’i@‘m&‘#ac OgF(gS%ag%? gld%wsll%yeer?’i%fnpg&g}lghg W light emtted

by a plasma confoghitighdaidr dfeBgtogemtietaftbgal; gases, wherein a conposition of
the plasma is chosen to have a desired relative intensity of a W
conponent of arSPeffingRetehaoms PR wibe dawst ohthalgegenidg maferiahiagd of forning a

doped chal cogeni de | : .S Q0 j I I i de
o ori al: and sput t diich MEARPHeSh O bt B by P EnallechtRIARBED, 07 and
phot odi ffusi ng the g USTigght omitedd byd platrhecdrayiemgat labkatwoaydis de nat eri al

using light emtted a plasma containing | east .t nobl.e gasgs, wherein
a conposition of th%asﬁéi‘é}%el’?%c@%%%ﬂmiBtaqi?apg‘s‘é’ad% OrS‘é‘Htoe}FﬁVfg’la sitethect rum

of the plasma. 27. %e[ﬁ%%@%g%fgyfo?%wgoﬁg&%k Spﬁﬁ&hﬁﬁdgﬁéﬂﬁﬁﬁh &f @geNt having

a first electrode, a secon ectrode, and a doped chal cogeni de | ayer
i nt erposed between tplesmd.i rst el ectrode and the second el ectrode, the
met hod conprising: formng a chal cogenide | ayer on the first el ectrode;
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 photodiffusing
the sputtered metal into the layer of chalcogenide material using light
emitted 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 electrede,
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



sputtering nmetal onto the chal cogenide |ayer using a first plasm
containing at |east one conponent gas selected fromthe group consisting
of neon and helium thereby form ng the doped chal cogeni de I%yer wherein
the first plasma enmits a UV conponent sufficient to i nAHaUAN4998] on of
the sputtered netal into the chal cogenide |ayer; and 9 January 2006
sputtering netal onto the doped chal cogeni de | ayer using a second plasma

containing at | egg'?“ﬂﬁgr{ﬁé}%ﬁ% ‘%@?" B n e ,%ﬁg}iggwgm pMsglyer than

an atom c wei ght m ng the se ectrode. 28. The
met hod of claim 27, wcentaining fideat ohecashpaneet gasrhagingran agrsichwaightdigher thaoni ¢

wei ght higher than an atomc weight of neon is argop. 29. .The t hod of
claim27, wherein forﬁpﬁﬁ"@céﬁéﬂr&ngB?ﬁ'ﬁ@’q“&i’e@@ IH%FCCBB%EFE S forming a
| ayer of germani um sel enide material, wherein sputtering nmetal onto the

chal cogenide | ayer using the first plasma further conprises sputtering .
sil ver, andZ28wheTbe methut ofaldimi2 Hrmtherein themttl¢ast ensmamponeitag BAYiIAR ap glamic

usi ng the second I al.so conpr.ises sputtering silver. 30. The net hod
of claim 27, whePETEHt biebef {ha8 an pldimic Wesghi of RROLISAEM: 1l asma are the  sane
pl asma. 31. The nethod of claim 27, wherein the second el ectrode has a

different work function (Pm than the first electrode. 32. A nethod of
forming a cB® codbnmethadeofmiaima7e mbhareim ferming a chaleegenidedayer dgher sompesesnd

el ectrode, and a.doped chal cogeni de | ayer. . .inter| [

el ectrode and thgorgﬁ%?]gay‘g{ %&%’%‘33‘,‘”{ ﬁ%c'}’r‘éﬁﬂ'(g%"%gﬁg’gfés?ﬁ?%ﬁ&?i {)'thl&’rtlggl og'% the
chal cogeni de | ayefaledpehide layef GdingkIRCHifPPREmE Purthe? coMPrisastspltiaritigxilvee and
chal cogeni de layer using a first plasma containing at | east one conponent

gas sel ected fromhersin spudaring metal entatle dpperbehplcoganide layarpsing Hiss8eRnd or ni ng
t he doped chal co ﬁ@ngglsh%ﬁ{ 'riscasrkguﬁ r%ségwcpg metal onto the doped
g g a Qeeon p?a i

chal cogeni de | ayer usin containing at |east argon,
thereby form ng the second el ectrode.
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

(9m) 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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23 9 January 2006 31 A nethod of form ng a chal cogeni de nenory el enent
having a first electrode, a second el ectrode, and a doped chal cogeni de

| ayer interposed between the first electrode and the second el %rode, t he
met hod conprising: formng a chal cogenide | ayer on the phk@?“@ﬁ%@ r ode;
sputtering nmetal onto the chal cogenide | ayer using a plasma containing at

| east one conponent gas selected fromthe group consisting of neon and

helium thegpby J‘a.%@ihaaormf&a%%ﬁipggﬁgﬁggkﬁgmmm §a;mﬁhir6&,get al

onto the doped chal cogeni d usi ere ormng the
second el ectr ode. se8dnd dlenwddeydndi dbgindhalyogeridralageargateirpizedrbetmesn thedirent
having a first electrode, .a second el ectrode,, and a doped chal cogeni de

| ayer interposed %E‘E‘\%’grﬁ"ﬂ%& §acpRq elegtrode; thsquet QMR Y¥Eond el ectrode, the
met hod conpri si ngforf,,@,g%rz'\ag,l 5@"‘% £k iR firdyactRQel he first el ectrode;
sputtering nmetal onto the ¢ cogenide layer using a plasma initially
generated from fspattegag metalbatothe ghaltogdenuisttayen usiog apdasentcogtaining hideass gne

fromthe group consisting of neon and . heljum_ thereby formng the.doped
Chal cogeni de | ayer: 1 niBdeenL S5l aed 15 I dimip Sastine B Mot dESTEe
used to generate the phﬁﬁg%;fonﬁﬂgt}%{#kﬁ&hﬂgo [RapH shd he doped

chal cogeni de | ayer using the plasSma generate fromthe feed gas having the

i ncreased aver agespattoring metsil ghto, the Hepegtohalchpemdanlgyetusingtbe plismaciberebde. 35.
The nethod of claim 34, wherein increasi an average atom c wei ght of the
feed gas used to genef”é?‘é"gt‘ﬁgsﬁoﬁg B her conprises evacuating the feed
gas after form ng the doped chal cogeni de | ayer and generating the plasna

used for forming the second electrode using the feed gas having the_ higher
aver age at ordde weh grgthodaf 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 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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9 January 2006 36. The nethod of claim 34, wherein increasing an average
atom c weight of the plasm further conprises nodifying feed rates of
conponent gases into the plasma while sputtering netal .Cf7. Ai@%hod of
formng a chal cogeni de nemory el ement having a first el Sctaya¥, second
el ectrode, and a doped chal cogeni de | ayer interposed between the first

el ectrode and the second el ectrode, the nmethod conprising: formng a

chal cogeni de36. ay eFheomethbd of claih 34) whéreindacreasing areavenggenmomlic weight dftiee

chal cogeni de | ayer, usi a first plaspp. in. a deposition chanber to form
the doped chal codtATBRMPESEFomasses aiofitying ped Gldsl sompoPent Baes dMta ik pIauhg
at |east one conpomgdputidfngfleffted fromthe group consisting of neon and
hel ium and sputtering netal onto the doped chal cogeni de | ayer using a
second plasma in the deposition chanber to formthe second el ectrode,

hav ng an acam o X MR OToaoR SERARORMI o8 BRIPOTEEGRR LAVt SBeren
met hod of cl ai m 3éconth@édiode 1 aajopbeaﬁﬁlc@geaj&qlﬂrpmﬁeﬁpo@aﬁbam ihe first

generating the first plasnma consists essentially of neon. 39. The net hod
of clai m37, whercdactrodeanditheisecand edestroderthe methodppesnpsisig: i n generating the

second pl asna consls: ntially of n., 40 he net hod of claim 39,

wherein the secor?g}"glﬁ'ggﬁcgiﬁgééd'é#e%&?reo a‘hg?"ﬁﬂeg'idrfjg%fst argon. 41. The

met hod of cl ai m 3gutterigihéal 6o teadhalk@gemii@layeinbsing bﬁrsdcpnsﬁmaqhaldemrﬂe
ering

layer to formthe second electrode is performed in situ wth sput
nmetal onto the chal c&hamberdofasm thetdoped chaleogenifisdarercibercingbe g plasynens 25

the. chal Cogen de | ayerigeepdsfiecf elbios bomiafbd s SO EiahPplicle, ™ °
conprises sputtering fconsittingefinebn ard Bélium; and
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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and wherein sputtering netal onto the doped chal cogenide |ayer to formthe
second electrode further conprises sputtering fromthe sane netal target.
43. The nethod of claim42, wherein the netal target is a silver %arget and
the chal cogenide |ayer contains a germani um sel eni de ndr'@PHay 2084 The

met hod of claim 37, wherein the first plasma and the second plasnma each
contain at | east one conponent gas selected fromthe group consisting of

neon and hej3. umHidnahod efskiRB?, ﬁﬁéfemgmemaawémg ti chalcepetideayahio
hi gher than an atom c wei ght of neon. 45. The nethod of claim 44, wherein

the first plasma f@Am thadopsd chalgogsanidetayer furhericompsiserespatienngs fromametaktarget

met hod of formn . ' Ag: | a
second el ect rode%ngr@ﬂa 'gggglgé@%e{ﬁ%gggerxn? @8%%?@%4%?5@%@5‘@%@2@ ﬁ%gﬁd
first el ectrode edutroté fursies @ompatesGhuteing frdin theesanedmerahiargesi ng: formng a

chal cogeni de |l ayer on the first electrode; sputtering silver onto the
chal cogeni de | ayer using a first plasnma generated froma feed gas

consi sting sentpal ' ni de

| ayer, and %Uttgﬁntagmﬁ?gﬁﬂ%ﬁg'ge é'ﬁgeméﬁ)%@gl a?%éééggsggelﬁil e“fr%lzdrngglg?ng a
second pl asna gehelcagenidd lagen conixdeca gamaocimnssederidgmetesieht i al | y of ar gon,
thereby formng the second el ectrode, wherein the second el ectrode has a
different work function ((pm than the first electrode. 26 9 January 2006

47. A met hogof mg?.égﬁ%@opagg?@gﬁgn&gaaggég@ﬁgﬁ%ﬁma _tr%Zs\éif&Qi Radhd &leh

el ectrode, a secon tro cogeni ayer 1 nterposed
bet ween t he fi rstonineattleastenacmnpdnensgsoekiciet dwm tagronheonsisting df neon and

i sing: f ' I i de | the first .el de; tteri
S Tver onto t he SREVRSGAA oSty Gpmpgiety 3 paviSe ah pDmiE WEiane Psher b an ' "
essentially of naRfinjcleggdf nk&f.mM Ng the doped chal cogeni de layer; and

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 (g.) than the first electrode.
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sputtering silver onto the doped chal cogeni de | ayer using a second pl asna
consisting essentially of argon, thereby form ng the second el ectrode. 48.
The net hod of claim47, wherein the chal cogenide |ayer is a ger gium
selenide material. 49. A nethod of forming a non-vol at 94N Wﬁ&@ devi ce,
conprising: formng word lines; formng first electrodes coupled to the
word |ines, wherein each word line is coupled to nore than one first

el ectrode; 40t M ry nfedRAJfFOBGHRE  ehaldynide menasly dleméit lavBgtd fdedleampdel £ ng
nmetal onto each chal c;geeni de layer using a first plasma containing at

| east one conponéfhfongslectiefa @ndd dopehehaieosgpide faxes Heposadpabveatcbs figtd
helium thereby fql arﬂﬂﬂgge&tﬂﬁlc?e%%aé,%?e @@éﬁ%&%bmﬁﬁg&gﬂ'-ng metal onto
e layer g a SEco c

each doped chal cogeni usin nd pl'asna” cofitaining at | east
one conponent gadofmaiug aghalbogenide layepainght fikst gleetrodeian an at onmi ¢ wei ght  of

neon, thereby form ng second el ectrodes; .and forpmng_bit |ines goupled to
the second el ect rBUREIIng3H¥sr ANt the chalgpgenide layerising d iy plasya spesistingan one

second el ectrode. 50. : f ' r I SHeNver! Q44T NG
di odes, wherein each 3?%‘32“&5%?%‘38%?5’?ﬁggz#o%%gIcg@?g%nﬁcgg tn:tr‘néehrdgr oup
consi sti ng of i ntsputprmgdilbartomtethealoped cimicogienide layte using azetord plasme such
that each second electrode is cc:urilheg1 to a biﬁ I ne tr].{r?ough a . di ode, and
27 9 January 2006 i nt SPRYRING esssnfally, obangpp.dherepy forpying the sgcopd glechrode. o

such that each first electrode is coupled to a word |ine through a diode.
51. A nethod of formng a non-volatile nenory device, conprising: formng
wor d | i nes; 48.or nilhg niethrost of el admt 47 skhereim the! abdlcopertitielayer i al gersaniumiselegide
each word line i ?nate%%vpl ed to nore than one first el ectrode;

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
coupied 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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form ng a chal cogenide | ayer on each first electrode; sputtering netal onto
each chal cogeni de | ayer using a first plasma containing at |east one
conponent gas selected fromthe group consisting of neo %nd Pbgjlﬂ'éum
t her eby forning doped chal cogeni de | ayers; sputtering netd8®t9' €ach doped
chal cogeni de | ayer using a second plasnma containing at | east one conponent
gas having an atom c wei ght higher than an atom c wei ght of neon, thereby
form ng second el ect r otiterpodedibeiweena fifisoelectoxla phd d ward dimesush that dach first

el ectrode; and formng bit Jines copupled tpo.the diodes,, wherein each bit
line is coupled to nnrgedFHEHSBWﬂﬁﬁr@’ W°§@Vw Eﬁ@?ﬁﬂﬁiﬁk"forning a

non-vol atil e nmenory device, conprising: formng word |ines; form ng di odes
coupled to the word lines, wherein each word |line is coupled to nore than
one di ode; f¥kni nd racthed et fosmingta nate valatils|raemarny devich, afinepiising: f or mi ng a

chal cogeni de Iayeﬁwﬁﬂl%w%;first el ectrode; sputtering netal onto each

chal cogeni de | ayer usi®ng Pt pl asma containing at |east one conponent

gas sel ected fronformngdfiretdlectfides Souplet @fthe @oFd Bied, whefein/éachtwiad ¢y i or m ng
doped chal cogeni de | ayers; sputtering netal onto each doped chal cogeni de

layer using a second pronsled tosare thaniang figst alestredesone component gas havi ng

an atom c wei ght th@%ga%ﬁc&g?@ai%g%%emifﬂgclgtm on, thereby form ng

second el ectrodes; rmng a di odé’ coupled to each second

el ectrode; and f csputtegngometal biteeaclpctllestehide tdyer asiap adirsy gasnmOstmtainingat ei n
each bit line is coupled to nore than one second electrode._ 53. A nethod
of forming a non-vol atlFdst opepeyPponsal easeselectrd from theggroup gpnsisingaingon ancks:

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;

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.

32. 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 Ie.ast one component gas 'haviné an atomic weight higher lha.n

an atomic weight of neon, thereby forming second electrodes;
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formng first electrodes coupled to the word |lines, wherein each word |line
Is coupled to nore than one first el ectrode; form ng a chal cogeni de | ayer

on each first electrode; sputtering silver onto each Chﬁdej enlg(f%l ayer
using a first plasma consisting essentially of neon, E’é&‘?‘ ng doped

chal cogeni de | ayers; sputtering a netal onto each doped chal cogeni de | ayer
using a second plasnma consisting essentially of argon, thereby form ng

second el ectrodesonmdigei&ﬂoﬂecéuﬂﬂemmhl@e@naewc%eé ;@A work function ((pm
than the first el ectrodes formng bit Iines coupled to the second

el ectrodes, wher ErmiRg:biblingsicoppled to @W&W%ﬂc“f@%@’?‘ﬂ&ﬂdb\’fé I8e B soupled
el ectrode. 54. A net hpoqngicltﬁﬂ{gﬁ@%cﬁnd‘f?l@ct Qatile menory device,

conprising: form ng wor I nes ormn st el ectrodes coupled to the
word |ines, wherein each word line is coupled to nore than one first
el ectrode; ggrn1ng chal cogeni de | ayer, on each first el ectrode; sputtering

si | ver ont o°®achAdRethedgtorging %WT"’%PW@“%‘“?‘W&?‘”%} SUMRNYRESi st i ng

essentially of nﬁﬁlq, eéd sform ng doped chal cogeni de | ayers; sputtering
silver onto each dop chal c ogenlde | ayer using a second plasma consisting
essential ly of afoming fitseeledssodes covpled kethe mabre fieet, mbidees eashdvorddingiing bi t

| ines coupled to the sec %d el ectrodes, r:§ra€ﬁre| n each bit line is coupled

to nore than one secoffyP é@t“i"dﬁéha"ﬁ‘ed-' ecifRfe2006 55.. The nethod of

claimb54, furt thorﬁlﬂ‘[gHéﬁld&emijﬁ Pon dh@Gst edbipgdRi N each diode is formed
at a location selected fromthe group consisting of interposed between a

second el ect r odespateriag $ilver bntoezack abdlcogeaide layerhisingadindt plasroa condisting

led t bit | through .a di bet we first
cl ot ode and a vor 4 FETRAEQL Rephdbeeal ittt R PR Befip cd 1o o

word |ine througdpuedhPsifhetal 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 (¢m) 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 siiver onto each doped chaicogenide layer using a second plasma
consisting essentially of argon, thereby forming second electrodes; and

forming bit lines coupled 1o the second electrodes, wherein each bit line is coupled

to more than one second electrode.
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55.  The methed of claim 54, further comprising:
forming diodes, wherein each diode is formed at a location selécted 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
interposed between a first electrode and a word line, such that each first

electrode is coupled to a word line through a diode.
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