; €3e9223$5D696<9T9uWD 03/ 071614 PCT/ US03/ 04385 SI LVER
SELENI DE/ CHALCOGENI DE GLASS STACK FOR RESI STANCE VARI ABLE MEMORY FI ELD OF
THE | NVENTI ON [ 0001] The invention relates to the field of random access
menory (R#OD3eAwisces forned using a resistance vari abl e nmiEEs@lo43gaNd in
particular to a resistance variable nenory el ement formed using

chal cogeni de gl ass. BACKGROUND OP THE | NVENTI ON [ 0002] A well known

sem conduct or conponent is sem conductor nenory, such as a random access
menory (RAM. RAM permits repeated read and wite operations on nenory

el ements. Typically, RAM devices are volatile, in that, stored data is | ost

once the power e I n emmy.e o AL exanpl es of
RAM devi ces i &ﬁu%%ﬁiﬁ%ﬁﬁﬁ%ﬁ%@@ﬁﬂ ! Et@lf%#&%rﬁ%m zed
dynam ¢ -random access dw i RYRYM access menory
(SRAM . In addition, Dmégsn’f a soi[%%lﬁ?:gﬁpy store data in

capacitors which require periodic refreshing to maintain the stored data.
[0003] In recent years, thEmRINDOFAWEENVENTIONENMOrY el enents in nenory
devi ces have been increasing. Accordingly, the size of each el enent has
been shrinking, which in the case of DRAMs al so shortens the elenent:s data
hol di ng ti nE00Mpi cal The inveDEoMrdletes ty thiefi¢ld of randass aceesemesmory (RAMEi ty
for data storage and receives a refresh conpand.in a.conventi onal

st andar di%¥§ct g“éﬁk&ﬁ resiseange Yefgn maf%%m&e‘rt? AFERRPATr easi ng
el ement ensl Lt 1S, Recem d nore difficult to
refresh M%‘#@o Iégén%%%ﬂsfog%m{izgg‘%Cglhméggsmﬂ?%%ﬁ% refresh period. in
addition, refresh operations consune power. [0004] Recently resistance
variable menory el ene BACKRGROUNDE OFTHEMIWENEION conduct or nmenory

el ements, have been-investigated for suitability as sem -volatile and
non-vol at i | 0G@2]dom alcedkkmewn symisbadectos colpenetis sgmigpndietor WO
03/071614 PCT/ US03/04385 U.S. Patent Nos, 5.7 5; 5,896,3%; 3131%514 893;
and 6, 084DS9BLY, gt A RRAINKASE S IRFRBIE u PRy eRTAET R HAY udi ng
an insul gt I tri i or al.c.ogeni .sposed
bet ween ﬁ/ﬁm&gfpg%ﬁoglg &8 ﬁfq%gﬁéf& %ﬁl\&é ﬁ?@?’&aﬁ‘“ﬁ? aéﬁ‘g%sﬁlé ?ﬁ{}lgk’l%? gﬁjd L

i ncor por atérddidatLOis I ol HRChSWEr HuLES ik AlscoditR tedsi fenddned. Aoh tHenidhgl ectric
mat eri-al .can be changed between hi gh resistance and | ow resi stance states:
The pr ogrezamplhis ©f Roddudsivizes mshudeydynamio ranaiony adogssambinghy (PBiAMAnce state

when at rest. A wite operation to a |ow resis ce state i erfornmed by
appl yi ng SEShEPRizgd dyBrBin rRadomccses oS DAY adetticmpdoBE Fom by
which th ' ﬁ{}ﬁg ofr_t ha. Ieﬂ?h# gggg' : ood.  In
one theo%}&gg’gg{es e )bf;;nﬁggll ckr e as,smﬁgﬂcon %aslgv Jf/éﬂjo%%%r%?% ectric
mat eri al dpARIHIORBIcA RhHLIE pefiddic (bR AMheio Mainedihahe sl dgd. vol tage with
the grom h of a conductive dendrite or filanment between the el ectrodes

effectively interconnecting the two el ectrodes and setting the nenory

el ement in BEOOQRY r esi bu sevent peans,¢he Thmbgeand dersityofiongh clemegisdw t hr ough
the resistance vari abl e terial in path qf least resistance. . [0005] The
| ow resi SRERCY é?"é"ccé?\iﬁ’? HE?%W&FW‘P& gt‘ﬁo’f‘g?gclm SHE Q/é@ﬁé C%f’lcé’rt e vol tage
potenti al re ved: eﬁﬁqmp e i.t>s 4hi.gh

resi st ancbzccgtsaf e gg’ apﬁhﬁlﬂgtgcg%rce#er se voﬂl{basgl%?%c%%gﬁgffgﬁ‘%gﬁﬁgg_ the

el ect r odgpl@ingaimé eaypichllt aSORRAM rh@holf dovRe Relidtdh elemieaeeapabityWoridati he.

el enent to the | ow resistance state. Again, the hi ghlcérr‘em stive state is
mai nt ai netorage end heceivos g agfecshotopmniaad in s comventiodal sTndardiagd cyaleabgutievi ce
can function,_ for exanple, _as a resjstance variable nmepory el enent. havi ng
two resi s"t"&’FYc%O%f“éf‘é%’:Pnﬂﬁi VERE PR H&r?%gl%f‘ﬁms’?‘gf‘ggf oy ah &
preferred, resis C ri bl"lll ri 0 i C i | ass. A

D el e bR ARSE A TAAN Al Bl FUPRLARSy BckRatondent dh0l ocs- A
One et hoglideh reféittpOSodi Ly 88ditiBn! R¥rcsie bPBALER atsafiddsowaposi tion is to
initially forma germani umsel eni de gl ass and then deposit a thin |ayer of
silver upon the glass, for exanple by sputtering, physical zgfor

deposi ti on, [@004)k her Reowmtlyt esisnngeresiable mhmogy tlempings, vehidr ingtudss| ver i s
irradiated, preferably with el ectromagnet.c gger at. a wavel ength | ess
than 600 Rf2 able cobduftqrmarmery, Ay been Kivsaggateh forautaBilioa At ¢ o

T/ Uso5/ G g e e PO et AR, R EUTnARRRT CRonye KofRIE MO,

doped or photodoped with silver. Silver may al so be provided to the gl ass
by processing the glass with silver, as in the case of a :

si | ver-germani um sei eni de gl ass. Another nethod for providing netal to the
glass is to provide a layer of silver-selenide on a gernmani umsel eni de

gl ass. [0007] In accordance with the current nethods of incorporating

o o, o Y oy O




al so a need for a chal cogenide glass nenory elenent that is resistant to
silver mgration during thermal processing. BRI EF SUMVARY OF THE | NVENTI ON
[0010] In a first enmbodi nent, the invention provides:a resistance variable
menory eMH7184d a net hod of forming the resistance var pablusosensy y
element in which a netal containing |ayer is fornmed between a first

chal cogeni de gl ass | ayer 3 WO 03/071614 PCT/ US03/ 04385 and a second gl ass
| ayer. One or both of the glass |ayers nmay be doped with a netal. and one
or nore netal containing |ayers may be provi ded between the glass |ayers.
[0011] i RJ.& PeenolNes. 5.5p@¢11595,896312;r5914/898¢ aned 6t084,706] divdoidsan provi des
a menory el ement and a nethod of formng the nenory el ement in which at

| east onarqm@rm@?c sendustossmegary slement grqlpdingan iasatng diclectde maseridni de

gl ass | ayer and- a.second. gl gss J.ayer, . The secon | ass layer,nay also be a
chal cogeﬁ?r é:%g(?faascsh caoﬁf".&lﬂ sstt’s _Cdo?cﬁwacﬁgr Occg chcish 094‘199%46

chal cogemat&idl] Aeh as Silvdr] ¥ $hcctPbR FRitd WSHicl Rt MabGEAN T BSSahQVSF are
formed between two conductive Tayers or electrodes. In a variation of the

first enthadickeatricahatenial caveathagedtbeevadrahighatsibtages sndrbyw esiztaica nor e
t han one silver-sel enide | ayer between the chal cogeni de gl ass | ayer and the
second gf@%s- ﬁl}fé}f?gmm@ﬁbkmnduaﬁqra@%ﬂ%ﬁ nopmally e highhregistapge statche fir st

chal cogep;} S r may.contain rmultiple chai cogenid | ass .|l ayers and
the sec o%ggla%%%‘l a%‘/g‘?n 2 c%“tﬂ?lnghor? lowi ‘chlﬁ'%agcﬁ?%gcsm |pg%f§{cg-h%@gpfyﬁ%g tack of
| ayers Wté‘%rﬁ&bﬁdﬂ%r&ﬁ thOHeo elekitBdess eTRN e hAAMA' wmcg%é Asisegfeact
with each other fornmed between a nufti-I|ayered chal cogeni de glass layer and
a muti - | eftredemenoirdhghgesbisiny dully hinderetbodndhhate thaoiyesuggested byhe first
enbodi nment , . %Qggﬁr re of each of the first chal cogeni de gl ass | ayers and
the secof@z§ b F%n‘g‘%&ﬁvéldrfi%ﬁeﬁl diclgerrig mytspalundargpessastmpitaral 3~ si | ver

dopant . l..Accordi ng.,tq _a,seco nbodi nen the i nvepti,on provides a
nenory e enéﬁ%tatgnc Ptém n%[ﬁ)%lggV&ltag%yvﬂsgntgcgﬂgﬁpgég?%ﬁ%ﬁvcc %Phg a

pl ural i t filagfentibeararal iHeG1 MRS cﬂéctfvtagl iﬁ&gé‘&hi%ﬁﬁg%ﬁé eAB LRI F&i‘t ai ni ng

| ayers, whereby the layers stnt with first chiacogeni de glass [ayer and
end w t hsatihgshe olval@ygbnhde igladss desiyrance whateh Thedéadide icHadupbgeni de gl ass
| ayer contacting first electrode and the |ast chal cogeni de gl ass |ayer
cont act i gg)vat%r@egﬁdh@ Eesistancg yariabilg yraterigldn ) path jof {epstotesistanee-nat i ng | ayer s
of chal cogeni de gl ass |layers and netal containing |ayers are stacked

bet ween t trodeﬁf The netal contaiping.layers.preferably c rises a
silver- cﬂpggggni de, sculcqvfr'fg%s Y ?a?cs‘gf]‘grrﬁ X ﬁ%c%f#é_ﬁﬁ\?fgﬁglgf%%ge second
enbodi nefHe vdlfA@e Pk tialPite 2EMoRE.! SYAT Habdiil 82¢ Be G&G}&éwt@i@%a' ity of

metal containing |layers. In another variation of the second efbodi nent, the

chal cogemisgtangt asse bpypplyingpy revach véltagd/ S @atiZlictwe BT 03T 6dR8HT sgont ai n a
plurality of chal cogeni dfgpgl ass layers. In yet another variation of this
enbodi melfast thesaye osderoignagmigdans; used & vaitc sha slemeny sp shedaw eesistaica a

| d . .a_silyer.dopant.: S ON OP.

DRa N0 Tyt BB colle ik RE e Sav R B P fvent | on

Wil be Rehéwid. NSkl Oafhid idd\GnfMhL G T8r EefAplk S8k chéf%?f]% 'gg%m%’hi chis
gl

provided in connection with the acconpanying draw ngs.
i |1 ust r aemary clasentdawingotwad resiseaico btaeespwiiiohycasl dafieiet twiclogiccsaitesl i n
accordance with a first enbodi nent of the invention and at an initial stage
of processi nﬁpégoow] FIG 2 illustrates a cross-sectional view of the

memory el ed@RPOL:  FI One preferred resiptanse vpriakle satadalweseprisss achalsogenide shown
i FI G 0PI . 3l trat 5 ti | j ft

el ement G orecifly Santple i SRR 2R Gt S an S ROt atvet B T
2. [0017Drk! fethbdi & providdiEsIvar £ %‘éﬁ%ﬁxﬁﬁ%lcﬂ&%&ﬁgﬁé?&oﬁ%%r y elenent

of FIG 1 at a stage of processing subsequent to that own In FIG 3.
[0018] Finially folthusgeraiandum-selonide glestandrthbn depusiod thindlaye: Bikiveelpaant  of
FIG 1 at a stage of processing subsequent to that shown in FIG 4. [0019]
FIG 6 iﬂ}qslaﬁsagwxam@kobﬁs spterings physical Xapsr depositions oy atharkmewnf

techniques in the art. The layer of silver is irradiated, preferably with
clectromagnetic energy at a wavelength less than 600 nanometers, so that the energy

passes through the silver and to the sitver/glass interface, to break a chalcogenide

2



FIG 1 at a stage of processing subsequent to that shown in FIG 5. [0020]
FIG 7 illustrates a cross-sectional view of the nenory el enent of FIG |
at a stage of processing subsequent to that shown in FIG 6. [0021] FIG 8
il lustratweeotwoss- secti onal view of the nenory el enment e&rhist3/o4383 N ‘
accordance with a variation of the first enbodi nrent of the invention at a
stage of processing subsequent to that showmn in FIG 4. 5 WO 03J071614
PCT/ US03/ 04385 [0022] FIG 9 illustrates a cross-sectional view of a second
enbodi nent of the nenory element of the invention at a stage of processing

subsequenbohd of it nide ordterialsuch @Rt 3he fpldss isldbpeld! displicibdspal with
cross-sectional view of a variation of the second enbodi nent of the nenory

el ement ofilveheSitvev axayi aso b providesipe the glase by psoergsing tbe glasnwithsilvéraas shown
in FIG 4, [0024 I 11 illuystrates,a co te te avi ng. @a nenor
Llenent fH}&ﬁdmﬁ%é§¥§$ﬁﬁg9%“¥ﬁé“T ¥ ﬁ%ﬁﬁgn) _E%;%%géééégﬂ’ _THEy

| NVENTI ONL{0f %é.hﬁ glaée{Tig 3‘5 pLAx}?étM Q%ygfﬁﬂiﬂvgfis&&ﬁaé omﬂ]g&mz{n%ﬁési%ﬁﬁ?dé s made

to various speci ment s e I nvention. se enbodi nents are
descri bedgls h sufficient detail to enable those skilled in the art to
practice the invention. It is to be understood that other enbodi nents may
be enpl oyed, and that various structural, |ogical and electrjcal changes

may be nade [P9Abut ddpaceordanss withtthe cupsent megiods i pecasporatiag; syt i on.
0026] The t " trate" d i f ol | awi i ption i nel ud

O por SRR b ahE S o i Bt CEMRLR by
b - ' b

subst r at e of hRtmBASHAOCAXRPRRD aHDG Heatify gﬁg){lgﬁrgé%a?@fﬂég?@&&eﬁs&a strate

shoul d be understood to 1 nclude silicon-

si |'i con- oAcsafiiply, eufrfstSprocdspe forancbrpochuipgdilsanieqaird ubé priscepntrak bfil

| ayers of silicon supported by a base sem conductor foundation, and other
seni condu#tcormaeyiy ef G:rpee%cmo.v\g!éﬁs pard sivense as foiga dnqastestly depeshe glosprad

substrate.or wafer, in,the fall.ow descri pt.i,on r.evi QuUS process steps nay
nave beeniioFRaga Rl RE e Ak RErHR dhg e eSS

sem condugd ffire RhrhALRRRLSR B _tl{;@%a gl;ﬂﬁiéxﬁé of thd/Slhss doSedsQfBdEMIvEPis

i nclude not” only elenental silver, but silver wmth other trace netals or in
various akdcoyedatedribiodici ghas whilelthe ighes baskbahe remaing Givehe glashferming

sem conductor industry, as long as such silver alloy is 6 WD 03/071614

PCT/ USO3J6e83¥5 conductive, and as |long as the physical and electrical
properties of the silver remain unchanged. [0028] The term

"silver-sel gphde; is intanded to,includ i i ,
i1 ver - sel enta8) | noi TG EGR e S igitincR AR ESE Rl o pactaging
deficit ObfsHb¥Rited RHgihdl 3trabERe HRIROPHIEHE mENSry IémeRE tht @R&RInc The

term"sem -volatile nenory" is intended to include any nenory device or
el enent whidérgpes thapahl @clifig orhnitgirocasgingt Hemmproyessingtcanatsudrinpower i s
removed fromthe device for a prol onged period of tine. Thus,&ﬁgni-

vol atiie AEmsnfabapreet ofsdverapigntnginte gheamemnyy sloment wncoataflally.  he

power source is.di.sconnected ar. repqoved. Accordingly, the.tgrm

Poem - vol deoi s MGl inkt B FRenb ey Rt B - vol ati 1 e
menory  deyesa8atdii.ealaShoROlte VA Bvenfudlf MY $Elire €S- [0030] The term
"resistance variable material®™ 1s intended to include chal cogeni de gl asses,
and chal cogeni de gl asses conprising a netal; such as silver. For instance
the term"rd8069hnce Vrcbabihglypdicee isal tiecidnfol udesstandereariablspmdmoinal cogeni de
gl asses, sjlver-germani um sel eni de gl asses, and chal cogeni de gl ass .

conpri si n@lchcgp hydpg g@pg}ﬁcgénma?gf retention and switching characteristics. There is

also a need for a chalcogenide glass memory element that is resistant to silver

migration duﬁng thermal processing.

BRIEF SUMMARY OF THE INVENTION
[0010] In a first embodiment, the invention provides a resistance variable
memory element and a method of forming the resistance variable memory element

in which a metal containing layer is formed between a first chalcogenide glass layer

| A | ,




[ 0031] The term "resistance variable menory elenent” is intended to include
any nenory el enent, including programmabl e conductor nenory el enents,

sem -volatile nenory el enents, and non-vol atile nmenory el enents which

exhi bit WQ®474¢idnce change in response to an applied vol papEsey@eE2] The
term "chal cogeni de glass"” is intended to include gl asses that conprise an
el ement fromgroup VIA (or group 16) of the periodic table. Goup VIA

el enents, also referred to as chal cogens, include sulfur (S), selenium
(Se), tellurium (Te), polonium (Po), and oxygen (O . [0033] The invention
wi |1 nowahd aesepbied plask laydrh O&é 6F BBEEOF theF15s.laykrslMay ®Riddpe Wits h it

exenpl ary enbodi nents of a resistance variable nenory el enent 7 VWO

03/ 071613n¢oncYsoBLE4B88] ¢owaimng tyorsdaay be pravidechbetweearthe ghass Byéssldepicts -
a portion of an insulating layer 12 fornmed over a sem conductor substrate

10, f ; Yy bstrate..|lt shoul ) d st ood, that th

resi s?;ngé @&ﬁib?esmggmz%g%ﬁcg%ﬂ’ﬁﬁ?‘g‘gﬂg 5 %2’ : ?‘Pg‘?“;"—‘%lf asubs'?r ate ®
Ceri al . . o)

materi a §r@sﬂdcs@ﬁ1dg%bi?% cRAENE AR UCHEH foh%irggsdﬁ%gra%g% ?flcé{cglggré Fvsgc{he_ The

exanpl e, "the insul g layer 12 may be forned on a

i nsul at i agleastymre ermfysilvee-skleniddis Rymady bkiwen adbpodialdopeniRig18d3ayeguch as
sputtering by chem cal vapor deposition (CVD), plasma enhanced CVIX ( PECVD)
or physi a8 apgeid glagsdayeri dibe(seum)d ginselayersmbypakso delaaghatcogenideiglise f or ned

f tional i ti | de, h il i Si 02), il
i 71 o FAESNIE sBFR B RSt aPmiteine ¢ B RLREARCHISR BRre R SISOV hor 5.
0034] Azhé ' : 1L 4l | atq | 12,
al's0 111 ooy Par o gliglafes e fnate el it BRI GUR Lo bFLERatg) "

conduct i weariaian bfthe firor crabodiphent df ¢h@ EiveRtion] Gieakacki Gy May RbHEHUM
plati num or silver, anong many others. A first dielectric |ayer 15 is next
formed obnare than ppe sifvegiselenide dayet betwieem thierchrlcagenide gliss layeysud e nay

t hose, . descri bed above wth

" of or encES<PRIY HiEn | It PROBRA YRS Of e daye SRRy Bedo F1 G 2, an

openi ng i3l MAgssty i n°t£i£ Eﬁéjr L84 Qr in t first

dielectric Iéaz;éyer 1%. ST%&E%JI#({]Q %hma lé.)g%d‘floéc%efdcf @;”}&E%%%Mﬁg fods in the
art, forseoatdplss ldyyr mag eoneit hﬁﬂﬁblcpgiiéseﬁ&mgrﬁxﬁﬂdﬂtsﬁﬂkf&lﬂf%ﬁﬁﬁ A first
chal cogenide_glass layer i7 is next forned over the first di'electric |ayer

15, to fFeREinORGar mesnsilvgr selenids layleonim senialdoBracd wilpes6i other fordieadg to a
first e di nent_of.the i,nyention, the first chal cogeni de glass |ayer 17 is
a ger naglggtﬁﬁcggia PIPéfaéf?rﬁgscnﬁ&?gﬁ@‘dﬁ glg%i FoHendka & PgﬂY"G secpndiglsspr ef er r ed
st oi chi op®ts i & ved | t Sg57-and is
nore pr eggr abl y}F a%%ﬁ%ﬂ%g%g&s%%gafgﬁg&% %ﬁ B%%bélé%?ggg&g%g%a‘f 9fe €17

pr ef er abfigst bhalcagdnideKlagdaydrs ond dosdcond Flhs tHeRn IR Hnppgd is nore
preferably 150 A. 8 WD 03/071614 PCT/ US03/ 04385 [0037] The first

chal cogeﬁ?ﬂ@tgf‘liﬁamaiﬁeﬁ,Sﬂmrtck)mat‘a gl ass backbone for allow ng a netal
containing layer, such as a silver-selenide |layer, to be directly deposited

thereon. T of nmet al cont ai ni ayer, such as a silver-sel enide

| ayer, in 3@9?2& Wi ?ihcc?ﬁ(gngﬁglacsﬁﬁ%‘?frg@ Q)F/léfg & VERRRR Previdesfecessary to
rovi de | i . i I uld reguire

Bhot odopiﬁlr?g 0 C%C(r?zédé \tﬁi%g%ar[g?‘gﬁ)\?\} ?ﬂ‘%}}ﬁ&gg ?tgﬁ?%@y%gﬁpgﬁé\{]%oﬁﬂp%\?g}?ﬁﬁy i's

possi bl eof dteahsingryers of shilvegonidopRss i fleadl cOARMIHS 18)c88 Wi ¢ghewhi ch is

in contact with the silver-selenide |ayer, as an optional 'variarit. [0038]
The f or nay¢rs stask witha first dhlacoigenidegglmss dayeyland sntayiel a 13t chalvoganide glass

stoichionetric,c sitipn in accordance with the invention may be

acconpl i K%'d“?)'i;’ ‘iﬁ%ﬁﬁ’ﬁgﬁg@mﬁgt %TaYFBFOP%§%é@S%M®t he last

Cco- sput t g i -eni i e rapr | atj.os,. sputtering
a1 ng 5 SR TS MR AR aCHAR R A R PR, W el e T o
chem cal aluansinglRpes iof chilcyddrlidé kRS Q8 RhE interal QMY lafe4 rédceaH2

gases (or various conpositions of these gases), which resault In a
ger mani ubsEvsER twaeldciiodesf Thhenctekionesingigplagérs preftraplyacemprissnl siiserof

met hods which be useqd to formthe first chal cogenide glass |ayer 17.
[ 0039] @%ﬂ&c@én%hﬁ’a s Y‘?&'Sciﬁm‘ée-f In 3 pasigraion ofcdsissron gmg)aylencqts,th

prefera L =Seren) i i.ted over the fiirst .chal.cogenjde gl ass
Mayer 170CROUGIAERRl iy LR HRRTL SR of el ol B e ance.
sui t abl eamhed vaeatibAiofihgsdcand einbatimede, (i hStosatic gars 1a?&s'naasﬁéa%h Silver
sul fide, silver oxide, and silver telluride are all suitable

sil ver-chal cogeni des that may be used in conbination with any suitable

chal cogeni de glass layer. A variety df processes can be used to formthe
silver-selenide | ayer 18. For instance, physical vapor deposition

t echni ques such as evaporative deposition and sputtering may be used. O her




that the nmetal containing layer is thicker than the first chal cogenide

gl ass layer. The netal _containing |ayer is also thicker than a second gl ass
| ayer, described bel ow. Mre preferably, the thickness of the |ayers are
such t hatwaos/ettisra of the silver-sel enide |ayer thickness peoriResddizgst

chal cogeni de gl ass | ayer thickness is between about 5:1 and about 1:1.in

ot her words, the thickness of the silver-selenide |ayer is between about 1
to about 5 tinmes greater than the thickness of the first chal cogeni de gl ass
| ayer. Even nore preferably, the ratio is between about- 3. 1 1 and about 2:1

silver- 1 knes t h er

t hi cknessgnfaﬁt)g%]l&%ﬁ&e?ficl%ﬁgoﬁc% f&i)aﬁ’ Ey&é %n?gggﬁg&c?ass ayer 0 is forned
over the ciicdimeht, \ddle-crah8R Sfathk RKEIcogéhidd BRisS BY @1@% @itaih3YBkradll | OWs
deposition of silver above the silver- selenlde ayer S|nce silver cannot be

di rect | y doppus iforeckaoipls;d sier depami de. Al so, it is believed that the second
gl ass |l ayer may prevent or regul ate nigration of nmetal, such as silver,

mechant sm by &ﬁ?ﬁh: BREx Bufh Rl @%%ﬁ&ﬁ@fﬁg? L?Eviﬁ?%t al
ci Pver ait Q3] Con i3 ﬁ@e Cﬁ‘“tf% LEg St BT BAEbuPNIRE, .0,

sui t abl e bgtes find@¥dod MSRtthe If&f&vw@tkr;r&tm dREriptidh wRich & slorldeaggni de
gl asses. The second chal cogeni de gl'ass | ayer nay, ’but need not, have the

sane st oicohnentemr with chaposinpanyingsddaimngs. r st chal cogeni de glass | ayer,

e.g. GExSeloo X. Thus, the second gl ass |ayer 20 nay be of a different
naterial rent s c nmetry, and/or .nore rigid than the first

chal cogeni d dg@ss |a§§¢ sFe@az]crqﬁécgee%d“@fvaégmw ncithen used as

a diffusig i !
mat eri al %C%%h]éqeﬁéep ?%{r%méf g%??é%gn%ﬁ&%g ; %I éﬂg#‘ass mat eri al
conp05|tsa@ﬁoﬁghy&hﬁngecond gl ass layer 20 include, SiSe
(silicon-selenide), AsSe (arsenic-sel enide, such as As3Se2), CGeS

(gernanlunsulflde) and conbi nations of Ge, Ag, and Se. Any one of the
suitabl e gl 5dat eri BIG. Msmmmosmo@vmpfdmemakmofl e.

| ess tha ut 3% of. dopants t i nclude nitrides and ot her group
13-16 el 3’%@233& SR PIRESSP I S beqicat to ghat 35@’837‘6%614 PCTUS03/ 04385

[ 0043] The thickness of the | ayers are such that the silver-seienide |ayer
t hi ckness ig@kaater thgns e o] -1% ht of
Preferably,ﬁg rgtlo of heﬂggF%er se %ﬁ?gﬁ é%yer ? ?gkne§g§¥ etgecond

gl ass | ay@G. L hit alsaprsofi grobating stbsdeight to thatsbowhan FIG. 2. Mor e preferably,
the ratio of the silver-seienide |ayer thickness to the thickness of the
second gl as Z% i s_between about 3.3:1 and about 2:1 silversel eni de

| ayer thi ckﬁ’é’sl to seEHadt glustrates ayapssiseraqmd yicw vhihesmemow glemsat Phyer 20
pr ef er abl ess bet ween abo t 0 .about ,1000 A and is nore
preferabF§ 1;6“% ET 4f0?ﬁ§n$3P 9P8ﬁy§?aF%éﬁ§ étéss | ayer 20 may be
acconpl i shed by any suitable nethod. For .instance, chentcal vapor
deposi ti on, [oeagfor at i PIG. Sﬂhmﬁﬁaﬁhﬁﬁbﬁgxcﬁénﬁﬂﬁﬁﬁ%fﬂﬂﬁnﬂﬁkﬁﬁcﬁnkﬁ&gﬁt
having the desired stoichionetry, may be used. [0045] Referring now to FIG
6, a secdit. dotdistigewd pbestingdabsmfuent ed ti2 shewhadn #G. dver t he second

gl ass layer 20. The second conductive electrode material 22 may conprise

any electri condyctive material, for exanple, tungsten t ant al
t:tahiugt oﬁﬁgpﬁve éﬁﬁ%ﬂ@ﬂh§H?“§@H§P§‘m¢9ﬁﬂgémgvo t I kaﬁﬁﬂe tlvg
el ectro ri.ses advan usly, e secon
gl ass Ia%e?;a;%rt a%tag% °f§[hr8 enpSuet cﬂél%%F Bﬁs}s ?%%ﬁ%r gvent m gration of

electrically conductlve nmetal s, such as silver, through the resistance

vari abl e nefog2p]el emeRIG1PAlustAR4 Gl crBaf REibAA iEWoF thdthEmofy cRAfn@lbf NOr €
additional dielectric |layers 30 nay be formed over the second el ectrode 22
and the filfst afiaskagetof protayiag stbsdquens o diat shbwnrindHIE: énce vari abl e nenory
el ement 100 from ot her structure fabrication over the substrate 10.

Co ti th b d qut t I | .y
coupre tno IR ST B chlBnets Later ponici of e w%w&rﬁ‘é e o[ 0047]
In accor ¢aqce M‘a&&; M’c@ Qridfioh ¥F chd Fikk cﬁ{ﬂ%%‘lijﬂngﬁ%fh VR | on,

nme a sucn as Si

one or nore |ayers o containing naterl Ver=del eni de
may be deﬂgelofpdo@@smgleuﬁdcgﬁén@tb&ﬂlﬁ@m&ﬁlBI@S§ llayer 17.. Any number of
silver- 11 WO 03/ 071614 PCTI US03/ 04385 sel enide | ayers may be used. .As
showmn in FIG 8, an optional second silver-selenide |ayer 19 nay be
deposited on the first silver-selenidg |ayer 18 subsequent to the
processing step shown in FIG 4. [0048] The-thickness of the layers is such
that the total thlckness of the conblned netal contalnlng | ayers, e.g.

. e g



[ 0051] Referring nowto FIG 9, which shows a second enbodi nent of the

i nvention subsequent to the processing step shown in FIG 4, the stack of

| ayers formed between the first and second el ectrodes may i ncl ude

al t er natWRE@30ApEt s of chal cogeni de gl ass and a netal contPOTAISed/04385er such
as a silver-selenide layer. As shown in FIG 9, a first chal cogeni de gl ass
| ayer 17 is stacked atop a first electrode 14, a first silver-selenide

| ayer 18 is stacked atop the first chal cogeni de glass |layer 17, a second
chal cogeni de gl ass layer 117 is stacked atop the first silver-selenide
layer 18, #0@2Zpnd SIHIGEY iHEserEIL 0By -Sdctibhll ViewIfACKESnREABol Mt aFoNd
chal cogeni de glass layer 117, a third chal cogeni de gl ass |ayer 217 is

st acked thcapembey elemend of the/iaversgireat dsagagbproteSingsubisequbns itd vheat- sel eni de
| ayer 218 is st %ggf atop the third chai cogeni de glass |ayer 217, and a
fourth cﬁ%W%kk%j% ‘gl ass layer is stacked atop the third silver- selenide
| ayer 218. The second conductive electrode 22 is fornmed over the fourth
chal cogeni ss | Jal: > oo ST A enbodi nment ,

t he stack gg%%%fées gﬁe{égggggé%£%£9%%$%%h%alnlﬁg §§§§§a§%§9g¥:least t hree
chal cogegéed emdodlimayesbehciavRve/ cleitnt 6f R iBfenitiesss fogk dfprocéssimgst ack
may conprise nunerous alternating |ayers of chal cogeni de gl ass and

si | ver - suibserjutat te shitohgwasintllés. 4.t ernating | ayers start with a first

chal cogeni de gl ass layer and end with a | ast chal cogeni de glass layer, with

the first geni l,.as.§ | ayer contacting a . first electrode and the

| ast chal cw@‘fﬁe gl }ig’qllmps%?ﬁaaﬁqmﬂﬂtﬁé COREVEIEE ISR SIEREDEN ckness
and rati@sHofi k85 ddld & aatihbshdgyers of silver-sel enide and chal cogeni de
gl ass are The ‘sane descrggééﬁgbove, in that the silver-selenide |ayers
are preferably thicker than connecting chal cogenide glass layers, in a
rati o of betweenDAVDATLEDL DESCRIPTION OBTH® INVIENTION ayer to 13 WO

03/071614 PCT/ US03/ 04385 connected chal cogeni de gl ass | ayer, and nore
pref er abl y [882mken adouhe folhwingmigtailed des¢nipsions atferinge i mpde ta vargonnect ed

one. or Bt SpRBEE Ghbs PR Frge FbORRBFIe o AOREOa FiBr - sel eni de
my be dﬁ@?&éﬁ BEtYeRbIE os%f;ﬁiug&%ismésﬂﬁé% %;fcgc@ﬁé g}vcﬁ‘ﬁgn.nm% b

silver-selenide layers may be use a processing step

subsequeiddrstobd ahasoden cinbolifrentd mayberéiflployed ddndsttay ShriGi|sericeleal ayer 418
may be deposited on the first silver-selenide |ayer 18 and an additi onal

si | ver - slogisal e ¢lagtmicabdvngesmigy bd epasisi wighiowindeaeting frogh glid spinit-orsel eni de
| ayer 218 . &gﬁ%%&_ln.accordance, wi th yet another variation of the

i nvent i olffOPeREHOMVERRORhal cogeni de gl ass | ayers may conprise one or nore
thi nner | ayers of a chal cogenide glass material, such as

ger mani um S04 d°. A sttt b BheL 6 e WA S taPHal O comPr s

t he chal co g ayers. n yet anot var of the

second eifblude aBRtsuppo Jriicaireiiftludipgebndtligited td Aectiltahdegeni de gl ass
| ayers may al so be doped with a dopant such as a netal, preferabl

conpr i si swpswatevhat hiswseiposed sulstratonsfacac tewmicondutitogsubstrateshonkdt

ayer. o BUSUT BB Bl Tkbr sy Bliocl sl en " Shdhi (Rheq morory
Yent! : _ ! C e

L R R e

1200 houdemiedndixest frindatioh Ukl othRe sfitbadactovstrittudds. PWhes rdfeféinbé id ess
than 2 nanoseconds conpared wi th conventi onal doped resistance variable

menory einedem 8 sematonshnictartsubstrath outwafd(nthe bdbovingsies¢ijgion], patvidusugh t he
enmbodi nents descri bed abqég refer to the formation of only one registance
I

vari abl ePTERSSYEPSRHehveRnsn ytilizad 5o foren [FEIRRSPOIRCHARE 11t PeoVer bah PAsn

cont enpl ip& t] .0f any nunber of such resistance variable 14
WO 03/0f%%%§0 f%éégﬁbﬁggggﬁbnnry el enents, which can be fabricated in a
menory array and operated with nenory el ement access circuits. [0058] FIG

10 il!ustrgoem]a tyPITR tePO6Has&0 s Rraatbdstosineidé Moo Wil Blein@fitall didfera Menory
circuit 448, for exanple a programuabl e conductor RAM which enpl oys

resi st anbws silsiert withethentage mk is vribns slloyed dombioeGodsawith oficth t he
i nvention. rrocessor system such ag a conputer syg;gggr. eneral ly

A
corrprise'%‘cﬁﬂsc%mn{é’r%e@&l?@l fQr ip » 43 20Ng AR ¥ &rocessor, a

digital signal processor, or other programmable digital |ogic devices,

whi ch communi cates with an input/output (1/0O device 446 over a bus 452.
The menory 448 communi cates with the &gystem over bus 452 typically through
a nmenory controller. [0059] In the case of a conputer system the processor
system may i nclude peripheral devices such as a floppy disk drive 454 and a




conbined with the processor, for exanple CPU 444, in a single integrated
circuit. [0060] The above description and draw ngs are only to be
considered illustrative of exenplary enbodi nents which achieve the features
and advawag®eriefs t he i nvention. Modification and substit p¢i/geesdagssspeci fic
process conditions and structures can be made w thout departing fromthe
spirit and scope of the invention. Accordingly, the invention is not to be
considered as being limted by the foregoing description and draw ngs, but
isonly limted by the scope of the appended clains. 15 WO 031 071614
CLAIMS P 0 L i I I ected by
Letters PR i 1003 as e Bhucit ond Bl R o e S “a

| east onandkingledcont ai ni ng | ayer, at |east one chal cogeni de gl ass | ayer, at
| east one other glass |ayer, said netal containing | ayer being provided

bet ween said at |east one chal cogenide gl ass | ayer and said at |east one

ot her gl asd002$dr. 2. Timhecrmefaslvor-sdlenide; 1sgq1tcgdgc¥ ke mclpds wripus sperissiof| east

one chal cpgenide. gl ass J.ayer conprises. a.plurality of chal gogepi.de gl ass

| ayers. §g%?ﬁgcﬁ§ﬁbV§ﬁﬁ*%%§WTc8?8%?EWﬁW€hﬁﬁ%?é t§3fﬁ”é¥%k§gg9p8ﬁggother

gl ass | aysrinGONRY, iA3Se AP YEaldd X 0ke9! ass layers. 4. The nenory el enent of
claim1l erein said at 1°8ast” one“Hetal contai ni ng | ayer conprises a
silver-chai cogenide. 5. The nmenory el enent of claim1l wherein said at |east
one netal d@928ini ng Thy earnc teepriivsdaile Monesrys ¢ imndmited t6.indlhde aeyrory el enent
of claim1l wherein said at |east one petal containing |ayer conprises

si | ver - stRemey deyice pisloraensywhigh dneapablsrof maipraiming fs MREMOTLSRHCHICT east one

metal , coptaining |aker compri-ses silver-oxide. . - 14

e usoaPEYshl e i SRC GG e rrp el fod i et TR SR st one
met al copbRtiR MBmoRy BEviEQTRE k5:bIS bf Mining! skoreidRita Herlthe pdRAPEYuseE @TENt  Of
claim4 wherein said at | east one chal cogeni de gl ass | ayer conprises a

mat er i al disasnmgtecher famondda Aosdinglyy tharvemefsamx-volazide memtBy” isGlsoThe nenory
el enent of claim4 wherein said at | east one chal cogeni de gl ass | ayer

st oi chi oltfeRged o insBide notogly semiryolatrdnemapt devaqeanewialyy nen-yplatile wher ei n
ls:iygrfat Intl'acans“gryo&%ic%g‘her‘ gl ass | ayer corrpr.i ses a second chal cogeni de gl ass

. {0030} The term “resistance variable material” is intended to include
chalcogenide glasses, and chaicogcnidc glasses comprising a metal, such as silver.
For instance the term “resistance variable material” includes silver doped
chalcogenide glasses, silver-germanium-selenide glasses, and chalcogenide glass

comprising a silver selenide layer.

{0031] The term “resistance variable memory elemeént” is intended to
include any memory element, including programmable conductor memory elements,
semi-volatile memory elements, and non-volatile memory elements which exhibit a

resistance change in response to an applied voltage.

[0032] The term “chalcogenide glass” is intended to include glasses that
comprise an element from group VIA (or group 16) of the periodic table. Group
VIA elements, also referred to as chalcogens, include sulfur (S), selenium (Se),
tellurium (Te), polonium (Po), and oxygen (O). |

[0033] The invention will now be explained with reference to FIGS. 1-10,

which illustrate exemplary embodiments of a resistance variable memory element
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12. The menory el enment of claim4 wherein said at | east one other glass

| ayer conprises an Si Se conposition. 13. The nmenory el enent of claim4
wherein said at | east one other glass |ayer conprises an AsSe conposition.
14. The WéMF0jidi#enent of claim 4 wherein said at | east arGI/usd3massgl ass

| ayer conprises a GeS conposition. 15. The nenory el enent of claim4
wherein said at | east one other glass |ayer conprises a conbination of
germani um silver, and selenium 16. The nenory el enment of claim1l wherein
said at | east one other glass |layer has a thickness between about 100A and
about 10Q@04n atderdhhé: WRARLY ifcRFBA! FIG. 2! ddpRtd 2\ WSS Bf %%&%%Q?f& one
ot her glass layer has a thickness of about 150 A" 18. The nenory~el‘enent of
cl ai m 1 WRdpanad atta astmicenductonsubsuake b cor dzamples s siliagesubsata Ithi ckness
bet ween 0@}1 100@ and gﬁou 1000 A 17, WO 03/0716114 PCTJUS03/ 04385 19.
The memofouddradestoef shas the wpsistanss waiablegnemesg elemeat sxmbe foaridden gl ass
| ayer ha Bl f A. 20. The .nenor | ement, of claim1l
wher ei n ga‘?f#%%&%@?ﬁ%%ﬁg@#%f‘&%%ﬁf étllsﬁ F%‘B‘CPQ%F“M bsgra%srsgfhlam &ss and
said al Foaskamiple, ahoissagan gl 5y B RimdoRa pRSOM Lk pRS vher eby a
thickness ratio of said first thickness to said sécond thi ckness is between
about 5: insulatipigdayerii2imap be fdimecdrbyrany kabeneieposition Imddiods, wheli @ n sai d at

| east one netal gon ai ni ‘%@Ipayer has first thickness and said at | east

one chal SOy FACTL r dgRositien (GNP ) plasricnbangrsk GNP FEGVENness

rati o of W | Cl PV j econd t.hi ckness s . etweep about
3.3:1 toozgggstl%&%.g Oéggp%@gaﬁemrgagg%?%sﬁfmgg Rayeli Ta%}?&f%%%afﬂ at | east
one net akofwditidnal ingulafug oxkRIMMdESASilRobl diidé (4D, Pha sAiRekad

containing |ayers. 23. T%e menory el ement of gllaizsr)hal V\heir&gﬁh&%gs%g\l‘%’t | east
one ot hepr gllewdli¢lagteic coostpni setral, dnearst mang sskasnd chal cogeni de gl ass

| ayer. 24. The nenory el enment of claim23 further conprising another netal

cont ai ni ng inc act with sajd at |east one second chal cogeni de

gl ass | ayerf@%{g5 at | e‘gg‘“&i“émﬁgr BisKe bymedaeves thesipsplagiag layer ddnasact wit h
sai d at C iy L0l I r.. 25. The nmepory el enment of

claim1l \}\kﬁgﬁ%‘fs%a(;&ri&owﬁor'e o{i ﬁg%r%&g{z) dggésﬁgﬁgm@ﬁﬁ? 8%8?1‘?‘%%%?%5 | ayers

cont ?i gs neateredl plor éemaple, ndfystch) fidkRRintaRingRiniRim ChIatiAuRD PRVl N sai d
met al dopant
among many others. A first dielectric layer 15 is next formed over the first electrode

14. The first dielectric layer 15 may comprise the same or different materials as

those described above with reference to the insulating layer 12.

[0035] Referring now to FIG. 2, an opening 13 extending to the first
electrode 14 is formed in the first dielectric layer 15. The opening 13 may be
formed by known methods in the art, for example, by a conventional patterning and
etching process. A first chalcogenide glass layer 17 is next formed over the first
dielectric layer 15, to fill in the opening 13, as shown in FIG. 3.

[0036] According to a first embodiment of the invention, the first
chalcogenide glass layer 17 is a germanium-selenide glass having a Ge,Se 4,
stoichiometry. The preferred stoichiometric range is between about GeyoSeg to
about Ge,;Se;, and is more preferably about Ge,,Sey,. The first chalcogenide glass
layer 17 preferably has a thickness from about 100 A to about 1000 A and is more
preferably 150 A.



conprises silver. 18 WO 03/071614 PCT/ US03/04385 27. The nenory el enent
of claim1 wherein said at |east one netal containing |ayer has a first

t hi ckness and said at |€ast one other glass |ayer has a second thickness
wher eby awbDhBokmsess ratio of said first thickness to sai dpeessesiizss ckness
I S between about 5:1 to about 1:1. 28. The nmenory elenent of claim1l
wherein said at | east one netal containing |layer has a first thickness and
said at | east one other glass |layer has a second thickness whereby a

t hi ckness ratio of said first thickness to said second thickness is between

about 3. 3: 1[p@37pout zﬂﬂeﬁ@@chﬂ&l%chﬁﬁi%ﬂis@m@@r,}@fsiz@Q'@aWBbr&'fBH?nt of
claim1l wherein said at | east one netal containing |layer has a thickness
equal to dlowngatreetal bentaming)lagém esch ofa shrehisadénidalayentolbeaitecdye

chal cogeni,de gl ass | ayer_ and said at, | east, one other glass |ayer, 30. A
Fesi st ancde &F‘ZB‘P‘%‘:‘H‘%« b use ﬁ%c@cﬁ?ﬂﬁ‘g-ﬁ“ﬂa?‘y% %i};?‘s asiver-sslsgidec onpri si ng
afirst g S: I D t . W i gng o' | ayer,
said sil v%?&éﬁla?%(%%en‘?l e?ﬁ%@%ﬁ%@%@#@%ﬁ% ggafr& g§’/v|ﬁt §£sec lrtf?jB gﬁg%eggl ayer,
wher ei N afneta dGlveANtoped haicdgéhids igla84) GviSEls Qrrhldk el photbdopifig of tigy med of a
chal cogeni de glass material; and a first electrode and a second el ectrode

i n r especsubseatsomith cdtraviolht saliationi. ridowand, #dspodibit tsalsod ayeeal{silved). The

menory el enent of ¢l aim30 wherein said at |east_ one sjlver- chal cogenide

| ayer con‘g‘i’ﬁ‘% cogruids edass g’é(?f’:}‘é‘.lcahl'ﬁén @W?@éﬁ@ﬁ#"%f*’&% Y§& wher ei n
said at | t?%ﬁ%i@ - chal cogeni de | ayer conprises silver-sulfide. 19
WO 03/ 071%1 8%7%&385 33. The nenory el enent of claim 30 wherein said
at | east one silver- chal cogenide | ayer conprises silver-oxide. 34. The

nmenory el em§0038f cl aiThelorwagoe ol st aialt pRaideOflSss Jayey @7; hoad gogeni de
| ayer conprises silver-telluride. 35. The nenory el enent of claim30

wher ei n sHipighismasteis gompsitignaissiceerdendeawith abe invention muysbaGuxSmplished,
wherein x, = 20 to, 43. . . . .
by any suitable method. For instance, evaporation, co-sputtering germanium and
selenium in the appropriate ratios, sputtering using a germanium-selenide target
having the desired stoichiometry, or chemical vapor deposition with stoichiometric
amounts of GeH, and SeH, gases (or various compositions of these gases), which
result in a germanium-selenide film of the desired stoichiometry are examples of

methods which may be used to form the first chalcogenide glass layer 17.

[0039] Referring now to FIG. 4, a first metal containing layer 18,
preferably silver-selenide, is deposited over the first chalcogenide glass layer 17. Any
;Mtablc metal containing layer may be used. For instance, suitable metal containing
layers include silver-chalcogenide layers. Silver sulfide, silver oxide, and silver
telluride are all suitable silver-chalcogenides that may be used in combination with
any suitable chalcogenide glass layer. A variety of processes can be used to form the
silver-selenide layer 18. For instance, physical vapor deposition techniques such as
evaporative deposition and sputtering may be used. Other processes such as
chemical vapor deposition, co-evaporation or depositing a layer of selenium above a

layer of silver to form silver-selenide can also be used.

[0040] The layers may be any suitable thickness. The thickness of the
layers depend upon the mechanism for switching. The thickness of the layers is such



36. The nenory el ement of claim 30 wherein said chal cogeni de gl ass materi al
stoichionetry is about Ge4oSe6o. 37. The nenory el enment of claim 30 wherein
both said first glass |ayer and said second. glass |ayer conprise a

chal cogeWiOdB/03ldss material. 38. The nenory el enent of clrEiTUSRBowdssr ei n at

| east one of said first and second glass | ayers contains a netal dopant.

39. The nenory el enent of claim 30 wherein said netal dopant conprises
silver. 40. The nenory el enment of claim 30 wherein at |east another of said
first and second gl ass |ayers conprises an Si Se conposition. 41. The menory

el enent ehatahainmetAontaniigiapdr it deckerahai Hey firsf clsdddpehidestlaggeperapd gl ass
| ayers conprises an AsSe conposition. 42. The menory el ement of claim 30

wher ei n sctalcontainingtlnger inalsa thigkdri thsm aan@r@dmdammcnbgcbbdowonpn ses a
GeS it | f 30 mh t |
anot her " SOt ftersbii, che ke o Bt s ol wich ok Rckous! Gecitfasisnlsnrsn of

[ ' 44. Th
ger mani UFQ ef tiVGfess csﬁjs@%a%ﬁrggcﬁﬂlsc (ﬁl%{@é:&%é gglg'@c%s #@N@%@ﬁ%l €

menory el ément of claim 30 cogeni de 1 ayér has a

first thandabsstldaila ctheowdrds, abs thicktss bbhedilsaceitiddlapd1ebssweand a
thi ckness ratio of said first thlckness to said second thickness is between

about 5: 2bewt hipabout i times graater thamshy thickmass of die &tlsaq:iml@(gcvﬁ@réasa sai d
silver- al cageni de a first thickness second .gl.ass | ayer
has a set‘yﬁ ﬁﬂ"r‘b%ﬁ’é&gr %fﬁhgaaﬂ F"t‘i‘?rféi’%tv}“"&f’l 3s]ai&nfi “ggt‘t gﬂ‘l Wrefess to
sai d sec | @(p%g, J1 fs2:1. 46. The nenor
el enent g?g?:llhgll ggﬁa(h%cssegﬁﬁgg?gﬂm ver-gﬁ?} }E:cggenl e layer has a first v

t hi ckness and said first glass |layer has a second thickness and a thickness
rati o of sdi0®4dilrst tRefekirgssowaoddiF S5seseoad ighiss kpes30 issfohatdvoesr dhlgout 5: 1
to about 1: 1_. 47. The menory el enent of claim 30 erein said silver-

chal cogeﬁﬁ‘!é Ycésﬁéknms‘aléﬁrfli - sthe prcordelass layar allaverdsposigionsof silugrabotvias a
second t |c 85341 a a thickn ss rati % %r a(éfflrSt t hi, kneis to said
second t g5 %&Yﬁ}égﬁc ﬁfcaé“?t e ires By deposited Qst V‘Fhéc ?Pé%ry

el ement leochﬁk B URRIAIE seaill BlalByer lABEOGRY AL USRI dHRor of Nl CknESS

greater than or equal to the ness sal econd
gl ass | a.ym:tsi suth. asm&rnﬁammelceﬂem ith cheé alcl’ﬁc&@ \M&@d&ﬁlﬁglﬁltalﬂﬁb%gh thee of

said exact mechanism by which the second glass layer may regulate or prevent metal
migration is not clearly understood, the second glass layer may act as a silver
diffusion control layer. For use as a diffusion control layer, any suitable glass may be
used, including but not limited to chalcogenide glasses. The second chalcogenide
glass layer may, but need not, have the same stoichiometric composition as the first
chalcogenide glass layer, e.g., GexSel00-x. Thus, the second glass layer 20 may be
of a different material, different stoichiometry, and /or more figid than the first

chalcogenide glass layer 17.

[0042] :I‘hc second glass layer 20, when used as a diffusion control layer
may generally comprise any suitable glass material with the exception of $iGe and
GaAs. Suitable glass material compositions for the second glass layer 20 include,
SiSe (silicon~sélcnidc), AsSe (arsenic-selenide, such as As;Se,), GeS (germanium-
sulfide), and combinations of Ge, Ag, and Se. Any one of the suitable glass materials
may further comprise small concentrations, i.e. less than about 3%, of dopants to

 include npitrides, metal, and other group 13-16 elements from the periodic table.
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first and second glass layers contains a netal dopant. 50. The nenory

el emrent of claim 30 wherein said netal dopant conprises silver. 21 WO

03/ 071614 PCT/1US03/ 04385 51. A nenory el enment conprising: a first

el ect r odewoasfoie3d gl ass | ayer conprising Ge, ~Sel ~x, wher g-pSoz038s5 L0 43
said first glass layer being in contact with said first electroge; a first
metal containing layer in contact with said first glass |ayer; a second
glass layer in contact with said first nmetal containing |ayer; and a second
el ectrode in contact with said second glass |layer. 52. The nenory el enent

Of cCLal m o1 (0pesgi n X e ARAbEAR mETaycife SEIPiky BlEAREE sloifl fyfh o1

wher ei n sai Ir yer conprises a Silver- geni de.

54. The ndifeltesels@editr @anthethitiiesyBEARI s8cSd fllabd lapdr. TRéRIabIOAIALSIONY
| ayer conprises silver-selenide. 55. The nmenory el enent of cl'aim51 wherein

sai d firsthewilver-sdemdelayendnidkagssrtoobmsedandsglassilayer tsigkridsslis. bes@cemdmoutenor y
el ement of .clajm51 wherein said first netal coqtainjng |ayer conprises
silver-oxtﬁ&e@%g%oqﬂé@n%ﬁ’r Bblbnthe fatq gf thes VWF@“Q?‘#@ L §¥ Bet al
cont ai ni ng,J ' [ - llWi'é.v T b l. _of
claim 54 \%keg%%mgsal 3 gg%?ﬁg%%ggasﬁﬂasyer ac %lss(glg 36'1?% Hum%‘ﬁ%égn r%l | ayer
t o contr okeléhidé lyeothicknessionessid glaks layerthicinssc A setaied V\%ﬁgtelajzdimg h said
metal containing layer and said first glass |ayer. 22 031071614

PCT/ US03/ pefasbigdias Tithickaess bytvedearbout 400 A to ab@s 1008 Aianddsindreecond gl ass
| ayer co e conposition. 60. The nenory el ement of claimb58

ri.se Sk S
wher ei n gg{cgcrg@gglzi&)@ ass |l ayer conprises an AsSe conposition. 61. The
menory el ement of claimb58 wherein said second glass | ayer conprises a GeS

conposi tion.[0044] The formation of the second glass layer 20 may be accomplished

by any suitable method. For instance, chemical vapor deposition, evaporation, co-
sputtering, or sputtering using a target having the desired stoichiometry, may be

used.

- . [0045] Referring now to FIG. 6, a second conductive electrode material
22 1s formed over the second glass layer 20. The second conductive electrode
material 22 may comprise any electrically conductive material, for example, tungsten,
tantalum, titanium, or silver, among many others. Typically, the second conductive
electrode material 22 comprises silver. Thus, advantageously, the second glass layer
20 may be chosen to considerably slow or prevent migration of electrically

conductive metals, such as silver, through the resistance variable memory element
100.

[0046] + Referring now to FIG. 7, one or more additional dielectric layers
30 may be formed over the second electrode 22 and the first dielectric layer 15 to
isolate the resistance variable memory element 100 from other structure fabrication
over the substrate 10. Conventional proccs;mg steps can then be carried out to

electrically couple the second electrode 22 to various circuits of memory arrays.

[0047] In accordance with a variation of the first embodiment of the
invention, one or more layers of a metal containing material, such as silver-selenide

may be deposited on the first chalcogenide glass layer 17. Any number of silver-
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62. The nenory el enent of claim58 wherein said second gl ass | ayer

conpri ses a conbination of germanium silver, and selenium 63. The nenory
el enent of claimb51 wherein said first metal containing | ayer conprises a
pl ural i t\WogB/omst4l contai ning layers in serial contact virdr/esesk43ssher. 64.
The menory el enent of claimb51 wherein at |east one of said first glass

| ayer and said second gl ass | ayer conprises a plurality of glass layers in
serial contact with each other. 65. The nenory el enent of claimb51 wherein
at | east one of said first and second gl ass |ayers contains a nmetal dopant.
66. The sREMAYIHERTRI bOliscd. AASMHIWINREFRE.N8 % SptiBHal ke dREalverCRIINAS €S
silver. 67. A chal cogenide gl ass stack conprising: a chal cogeni de gl ass

| ayer; alaytelQ mayrhe cgqmaitcct, ontth¢ firso gilvemselenide layantl@csubsequens 4o dhe

chal cogeni de gl ass %ﬁéeré%ﬁp%'§3 WO 03/071614 PCT/ US03/ 04385 a diffusion
control PERFEFSINGSERRAWR - &ai d netal containing layer for controlling
diffusion of elenents into said chal cogenide glass |ayer. 68. The

chal cogeni ss st gqﬁ%ﬁ5 S%Qﬁ ' ' BARICT o) | layer
is a secongggggzs Ia§§%¥dg . gﬂ%§£1cogé§+ eag*ggghitacﬁggfggﬁgﬁgl67
further eceonibircd mgtabcomuiming BRER] A NGlver-slérnide tayes, iopreaet dydnl br &giall

di ffusion control layer an erein said diffusion control |ayer slows

m gr at i oto tc thigkaess offthe frstahdlcopenide ghiss layiero Elag thtehdiidkagesfdbegl ass

| ayer. 70. The .chal cogenj de gl ass stack of

| aijm @7 .wherein sai t | east
ot 1ot 2 porbed Rl st Bhrem it Ereafir S5 L AHocheR] oA scpond s

el . - ! . ! |
cont af vt e B EBRAHAEhE U TRMIRITE OB mcEf b QRinBRAR,
st ack of isepwaebaboier & sbsiati Htidles prAd:r hne dietidtkieenbhdhizi fier | ayer

conprises silver-sulfide. 73. The chal cogeni de gl ass stack of claim 67
wher ei n shalepgenidecglass layes andagtordmglnbetiwegn labput 1 ¢ormboins Edimés greatepxi de.

74. The ghal cogenj de gl.ass stack, of claim.67 wherein said at |east one

metal ol %&@Cﬁ%%f padglass lay Yot i mere prstermorbthion Shotsahi de

gl ass st ﬁﬁgﬁféfss 5t Bleidbitb$ LRl c%htzli[?iﬁﬁtlaﬁ'?seisq{ctwccn about 2 to about 3.3
times greater than the thicknesses of the first chalcogenide glass layer and the second

glass layer.

[0049] In accordance, with yet another variation of the invention, the first
chalcogenide glass layer may comprise one or more layers of a chalcogenide glass
material, such as germanium-selenide. The second glass layer may also comprise one
or more layers of a glass material. Any suitable number of layers may be used to
comprise the first chalcogenide glass layer and/or the second-glass layer. However it
is to be understood that the total thickness of the metal containing layer(s) should
be thicker than the total thickness of the one or more layers of chalcogenide glass
and additionally the total thickness of the metal containing layer(s) should be thicker
than the total thickness of the one or more layers of the second glass layer.
Preferably a ratio of the total thickness of the metal containing layer(s) to the total
thickness of the one or more layers of chalcogenide glass is between about 5:1 and
about 1:1. Also, preferably a ratio of the total thickness of the metal containing
layer(s) to the total thickness of the one or more layers of the second glass is
between about 5:1 and about 1:1. Itis even more preferred that the total thickness

of the metal containing layer(s) is between about 2 to about 3.3 times greater-than
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bot h of said chal cogenide glass |ayer and said diffusion control |ayer
contains a netal dopant. 76. The chal cogeni de gl ass stack of claim75
wherein said netal dopant conprises silver. 24 WD 03/071614

PCT/ USO3/Wé338k71674 A nenory el enent conprising. a first epepik@fazssat | east
one first chal cogenide glass layer in contact with said first el ectrode; at
| east one first nmetal containing |ayer in contact wwth said at | east one
first chal cogeni de glass | ayer; at |east one second chal cogeni de gl ass

| ayer in contact with said at | east one first netal containing |ayer; at

| east one %%‘Eﬁ C TN Te! | p%,ﬁgt \ l: t one
second cha fgogielnl e %F%ss.s gfgr; a'%&%ﬁg%(s){ﬂ‘g%g [ roé*@g%gf)g%g%gf&gé glass
llayer in elantorslichickidss ofidie édmbRrdlorRt fiefOlagersBf tle seebhdighksng | ayer; and
a second electrode in contact with said at | east one third chal cogeni de

glass layer. 78. The nenory el enent of claim77 wherein said netal
cont ai ni ng 1{80eP} conpriaseordancowithycearethoeyarber of tikinveydes, oe®r The

menory el enent .gf ¢laim77 erein one or r f sai d chal cogeni de. gl ass

| ayers cofff¥f 3585: %\%"5@&‘%‘7% s garYﬁlfs@tS‘ge’ﬁf?fgﬁ)é‘e V4TS Ay alsoger d Ytory

el ement ogdogﬁgmlﬁlm%g{a@ pefRclly BRip Of said metal containing |layers
conprises a plurality of metal containing |ayers. 81. The nenory el enent of
claim 77 wherein one or nore of said chal cogenide glass |ayers contains a
met al dopant[003F] WOREEmingaiotv RCFIGSY3whikR8ho8R a sttmdanboyinedng wént  of

claim 81 erein said netal dopant conprises sliver. 83. A nethod of

forming atReBrRtaRcEIbseqycabite thepincpssiigevemshawmpn FiGng, testakaidaysrs

];grn,[nag,? %f({ljﬁ{cggblcg%%ﬁ s% t :];IP $8child aclcfcl:rg)ags &Q}? Lu?c?lgfcnzlﬂgc%ngtlir?gs lsaycl‘,r%1 S
chalcogenide glass and a metal containing layer such as a silver-selenide layer. As

shown in FIG. 9, a first chalcogenide glass layer 17 is stacked atop a first electrode
14, a first silver-selenide layer 18 is stacked atop the first chalcogenide glass layer 17,
a second chalcogenide glass layer 117 is stacked atop the first silver-selenide layer 18,
a second silver-selenide layer 118 is stacked atop the second chalcogenide glass layer
117, a third chalcogenide glass layer 217 is stacked atop the second silver-selenide
layer 118, a third silver-selenide layer 218 is stacked atop the third chalcogenide
glass layer 217, and a fourth chalcogenide glass layer is stacked atop the third silver-
selenide layer 218. The second conductive electrode 22 is formed over the fourth

chalcogenide glass layer.

[0052] In accordance with the second embodiment, the stack comprises at
least two metal containing layers and at least three chalcogenide glass laycrs.'
However, it is to be understood that the stack may comprise numerous alternating
layers of chalcogenide glass and silver-selenide, so long as the alternating layers start
with a first chalcogenide glass layer and end };vith a last chalcogenide glass layer, with
the first chalcogenide glass layer contacting a first electrode and the last chalcogenide
glass layer contacting a second electrode. The thickness and ratios of the alternating
layers of silver-sclenide and chalcogenide glass are the same as described above, in |
that the silver-sclenide layers are preferably thicker than connecting chalcogenide

glass layers, in a ratio of between about 5:1 and about 1:1 silver-selenide layer to
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el ectrode; formng a first netal containing |ayer in contact wth said
first chal cogenide gl ass | ayer; and form ng a second. chal cogeni de gl ass

| ayer in contact with said first netal containing |ayer; formng a second
met al coWOdBATIed4 | ayer in contact with said first chal codRsi/éRo3gi3sss | ayer;
formng a third chal cogeni de glass layer in contact with said second netal
containing layer; and form ng a second electrode in contact with said third
chal cogeni de gl ass | ayer. 84. The nethod of claim 83 wherein said

chal cogeni de gl ass | ayers conprise a material having the fornul a

GeXSel 00cofincthd @altoehide RRisyROer, aBA Yhork(referailp berwictn dbout Br&1rmidhod of
claim84 wherein said chalcogenide glass | ayers have a stoichionetry of

about Ge2:lcilebnsclarfde lay tojopneetd ope0de ghsshyes. The nethod of claim
83 wherein said chal cogenide gl ass |ayers conprise a plurality of

chal cogeni ss | gyers.. 87. e nethqod qf c¢laim 83 wherein said netal
cont ai ni ngqﬁggéfs co%rai‘@é‘a'éo’bpgaéﬁ ?Wn&c CBo MR i |G l§¥fe‘?§’?a88. The
met hod o bifaRandReh & ilyaRL L bERRbEAERNb AR cEh 8RS | avers
contain a mat%g og‘ant .t&%%’.Q@ﬁggr?%ﬁosgkg%dcz@g?ﬁ%bmher eiérjlc%one or nore of
sai d met glalcsgenrienilasg ldyawersnycouipbes 6fsibict-yelenide laptcimay e usdde Aset hod of
claim 88 wherein said netal dopant conprises silver. 91. The nethod of

cl ai m 83shevar EIG. 1Qatia pracgssingstenisnbsegurnt o thapshewn in Flekfiea® which is

equal to pr..greater than, the thickness pof each of, sai d chal cogeni,de gl ass

| ayers. %ﬁmgﬂag SHEE iRt laygiﬂ%@a@g f@PﬂS‘géig‘Pf‘ the €§F ﬁ'ivﬁéisglfg%@r@girni ng

| ayers h hLSiHid dNAEERes | ' tghﬁ yers has
a second ﬁﬁgfﬁlﬁgg‘g@ﬁgéﬁﬁgdglﬁiquﬁgggqga@@og% Q@%ﬁa%g{é t i?ﬁ#efs to

sai d secsi¢hiddlg&n2E8. 1 s between about 5:1 to about 1:1. 93. The nethod of

claim92 further wherein said thickness ratio of said first thickness to

sai d second thickness is between about 3.3:1 to about 2;1.
[0054] In accordance, with yet another variation of the invention, each of

00

the chalcogenide glass layers may comprise one or more thinner layers of a
cl;alcogcnidc glass material, such as germanium-selenide. Any suitable number of

layers may be used to comprise the chalcogenide glass layers.

[0055] In yet another variation of the second embodiment of the
invention, one or more of the chalcogenide glass layers may also be doped with a

dopant such as a metal, preferably comprising silver.

[0056] Devices constructed according to the first embodiment of the
invention, particularly, those having a silver-selenide layer disposed between two
chalcogenide glass layers, show improved memory retention and write/erase
performance over conventional memory devices. These devices have also shown low
resistance memory retention better than 1200 hours at room temperature. The
devices switch at pulse widths less than 2 nanoseconds compared with conventional

doped resistance variable memory elements that switch at about 100 nanosecconds.

[0057] Although the embodiments described above refer to the formation
of only one resistance variable memory element 100, it must be understood that the

invention contemplates the formation of any number of such resistance variable
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94: A nethod of formng a resistance variable nenory el ement conpri sing:
formng a first glass layer; formng a silver-seienide |ayer in contact
with said first glass l.ayer; and 27 WD 03/ 071614 PCT/ US03/ 04385 fornming a
second glwessbager in contact with said silver-sel eni de | pyggsoidasgseby one
of said first and second glass layers is a fornmed of a chal cogeni de gl ass
material. 95. The nethod of claim 94 wherein said chal cogeni de gl ass

mat erial has a stoichionmetric conposition of about Ge~Se~. 96. The net hod
of claim94 wherein at | east one of said glass |ayers contains a netal

dopant. 97, The cl. ai . £ Smsd alteLRARr | SESs
silver. géc.mq&ed%{:%%gwg%héﬁgibmf%%g% n %g{d%ygﬁﬁggxlx%%ﬁ rs% and second
gl ass | aﬁg@omgﬁﬁ&c&sgt}aﬁ&ogeni de glass material. 99. The nethod of

claim98 further conprising the step of formng alternating |ayers of said
chal cogeni de gl ass material and said silver-selenide |ayer. 100. The nethod

of clai m 94005&ei n sEIG. 1Qiflustrites arbypiesl psogessasthased guring 400 vauish at er i al

furth t ai tal d t. 101. .Th t hod of cl aj ' id

ot 8l dogaR s mORk Sepit 25, fop sRaniplé puPRizanan bl ot SAMSAEAD o5
C eaid . ! ! . val i

or sald g £%¥s§g%sﬁiﬁ§é;ﬁ%ﬁglc%§mh@yaéﬁcﬁ3rﬁﬁﬁ’éa'iccfli[f fieoiRiceiwidh aRt al ion

froman e sal nory el enment. 103. The nethod of claim 102

wher ei n Sﬁsidﬁti@hhﬂfgdmr spyean, sirhps h sempaneSySent, grpasily compridg& a WO
03/071614 PCT1US03/0438s 104. The nethod of claim 102 wherejn said other

gl ass | ayentralprecessiag umit (SRIJ) dddpwshas @miciepsocasser, geligigal signal| aj m 102
wherein Sp%i)c(:jcsg(;[rt]gxr' ogic%%%oér%%ab(ig mjgtltlals osgicadcc's;nec%s,c DIRRYokiRBnicates with an
input/output (I/0) device 446 over a bus 452. The memory 448 communicates
with the system over bus 452 typically through a memory controller.

[0059] In the case of a computer system, the processor system may include
périphcral devices such as a floppy disk drive 454 and a compact disc (CD) ROM
drive 456, which also communicate with CPU 444 over the bus 452. Memory 4438
is preferably constructed as an integrated circuit, which includes one or more
resistance variable memory elements 100. If desired, the memory 448 may be

combined with the processor, for example CPU 444, in a single integrated circuit.

{0060] The above description and drawings are only to be considered
illustrative of exemplary embodiments which achieve the features and advantages of
the invention. Modification and substitutions to specific process conditions and
structures can be made without departing from the spirit and scope of the invention.
Accordingly, the invention is not to be considered as being limited by the foregoing

description and drawings, but is only limited by the scope of the appended claims.

o
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106. The nethod of claim 102 wherein said other glass |ayer conprises a
conbi nation of germanium -silver, and selenium 107. The nethod of claim94
wherein said netal containing Iayer has a thickness which is equal to or
great er WRIHOAI6H4i ckness of each of said first and secondPGR/ESS/OHIBFer S.

108. The nmethod of claim94 wherein said nmetal containing | ayer conprises a
plurality of silver-selenide |layers in serial contact with each other. 109.
A processor-based system conprising: a processor; and a nmenory circuit
connected to said processor, said nenory circuit including a resistance
vari abl e nenory el enent conprising at | east one netal containing |ayer, at
| east one chal cogeni de gl ass | ayer, at |east one other glass |ayer, said
nmetal containing | ayer being provided between said at | east one

chal cogeni de gl ass | ayer and said at | east one other glass |layer. 110. The
system of claim 109 wherein said chal cogeni de gl ass | ayer conprises a

mat eri al having the fornula GeXSel gQ- erein x = 20 to 43. 111. The
system of claim 109 wherein said c i de gl ass |layer stoichionmetry is
about Ge, ~0Se6o0. 29 WD 03/071614 PCT/ US03/04385 112. The system of claim
109 wherein at \agths AR oW 2l BRAABBS f&&@a%&d@éﬂt‘:ﬂp@ant 113.
The system of claim 112 whereln said netal ant conprises silver. 114.
The system of claim 109 wherein said other glass | ayer conprises a second
chal cogeni de gl &ss Aagsistandel¥ariableemsyoirpalenfent lcaimprising: f urt her conpri si ng
anot her netal containing layer in contact with said at |east one second

chal cogeni de gl gs aét%rm@&gcgﬁgletgg%}fygpqt &f&l@aﬂlﬁ%‘l cdéaﬁl ass |ayer »i n

contact with sal [ east one cont al ni | 16. The

system claim 114 rein said c Ico eni de gl ayer rlses a
plurali 3§Y%f“§?aéﬂ?§8°6ﬁ 3 FQ?@‘%‘ng ?YFYH??%’@W th of claim

114 wherein said netal cont ai ni ng Iayer conprises a plurality of stacked
met al cdsdraeen said haleastsoneldtBlcoppeaideydiss bayeo ind kad rx 1chSt edxeothen ghass | east one
of said chal cogenide glass |ayers conprises a netal dopant. 119. The system
of claiq%kgg wherein said netal containing |ayer

2. The memory element of claim 1 wherein said at least one
chalcogenide glass layer comprises a plurality of chalcogenide glass layers.

3. The memory element of claim 1 wherein said at least one other
glass layer comprises a plurality of glass layers.

. 4. The memory element of claim 1 wherein said at least one metal

containing layer comprises a silver-chalcogenide.

5. The memory element of claim 1 wherein said at least one metal
containing layer comprises silver-selenide.

6. The memory element of ClaiIfl 1 wherein said at least one metal
containing layer comprises silver-sulfide.

7. The memory element of claim 1 wherein said at least one metal

containing layer comprises silver-oxide.
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conprises silver-selenide |layer. 120. The system of claim 119 wherein said
ot her glass |ayer conprises an Si Se conposition. 121. The systemof claim
119 wherein said other glass |ayer conprises an AsSe conposition. 30 WO
03/ 071614wB@30ts3/ 04385 122. The system of clai m 109 whepgiriisesbidsot her

gl ass | ayer conprises a GeS conposition. 123. The system of claim 109
wherein said other glass |ayer conprises a conbination of germani um

silver, and selenium 124. The system of claim 109 wherein said other glass
| ayer is a diffusion control layer for slowng mgration of a netal ion

froman el ectrodg cogyected, ?«%@Ergto &igfn Qgﬁ%ﬁ%ﬁ% {%lf%g? Sktgm

conprising: a processor; 9 no iTcu processor, said
menmory circuit_ including a first electrode; at |east one first chal cogenide
gl ass’ | ayemtigingolayecomprises sibertellurigie. el ectrode; at least one first netal

containing layer in contact wwth said at | east one first chal cogeni de gl ass

| ayer; at |east ®ne Thearincidlananofitit 4schekéli@iidiat lesnbact Wi th said at
| east one first nmetal containing |ayer; at |east one second netal

o ase | ay B EERi O BEFonbibe Al Al e R IBrARBA0E BT TOICT Wit

said at | east_ one second netal containing |layer; and a second el ectrode in
contact WhereuhX g 20t94hst one third chal cogenide glass layer. 31 WO
03/.071614 PCT/ US03/ 04385 126. The system of claim 125 wherein said netal
~cont ai ni ng | ayer 40c oThe nstnoyelahemddfclsiind 4 @hedeih s4idde ¢y enis .

chalcogenide glass layer stoichiometry is about Ge Se,.

11. The memory element of claim 4 wherein said at least one other
glass layer comprises a second chalcogenide glass layer.

12. The memory element of claim 4 wherein said at least one other
;glass layer comprises an SiSe composition.

13. The memory element of claim 4 wherein said at least one other
glass layer comprises an AsSe composition.

14. The memory element of claim 4 wherein said at least one other
glass layer comprises a GeS composition.

15. The memory element of claim 4 wherein said at least one other
glass layer comprises a combination of germanium, silver, and selenium.

16. The memory element of claim 1 wherein said at least one other
glass layer has a thickness between about 100 A and about 1000 A.

17. The memory element of claim 1 wherein said at least one other
glass layer has a thickness of about 150 A.

18. The memory element of claim 1 wherein said at least one
chalcogenide glass layer has a thickness between about 100 A and about 1000 A.
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127. The system of claim 125 wherein one or nore of said chal cogeni de gl ass
| ayers conprise a plurality of chal cogenide glass |layers. 128. The system
of claim 125 wherein one or nore of said nmetal containing |ayers conprises
a pl ural WOW3@716ket al contai ning | ayers. 129. The syst em FCTASMBO43825 '
wherein one or nore of said chal cogenide glass |ayers contains a netal
dopant. 130. The system of claim 129 wherein said netal dopant conprises
silver. 131. A nenory elenent conprising: a first electrode; a second

el ectrode; and a plurality of chal cogenide glass layers and a plurality of

metal contai ni ngg| ayRE smdibNREMER! oF dldifS] wHegein%idnd 1@kesdd odes, wher eby
said plurality of chal cogenide glass |ayers alternate wth said netal

cont ai ni | ayer,s, Wi th opne of.said chal co ige glass layers in contact
Wi th saicglgﬁﬁf)gé?ldgﬁkéf iaé'ﬁ'éﬂ%fﬁogl‘é%f:ﬁe‘? %"‘%ggg ‘%‘hal cogeni de gl ass layers in
contact with said second el ectrode. 132. The nenory el enent of claim 131

wher ei n sai d pl 2Pal Thg numonyteidmeoumfailaiiml wheyensaidotirassese metglor nore
silver-selenide |ayers. 133. The nmenory el enent of claim 131 wherein one or

nore of 3atfAniBbUiyeriHay a HrstthRkAGYARHESiIdH AeSt bAY @hfc d glags 1aydpl urality
of chal cogeni dé gl ass | ayers. 32 WO 03/071614 PCT/ US03/ 04385 134. The
r

menory el ement of ,cl.aim 131 erein one or r. f sajd plurality of netal
Cont ) nis Syt wheehy fiknie g of i SR ARk eR b o) o s 135,
The menory el enment of claim 131 wherein one or nore of said plurality of

chal cogencat dlicknesy isbstweanoatiaait sl go pbowt 1:-dopant . 136. The nenory el ement
of claim 135 wherein said netal dopant conprises silver. 137. A nethod of

form ng a resi sShRANCEY MidrAGYRITREM f GARITE WherQRRAIdS Mhist b5¢ Hicpd a first
el ectrode; formng a second el ectrode; and formng a plurality of

bt voon O RERer IRy adu i Br P Gadat Gt PBs R e T
chal cogeni de gl ass layers alternate with said metal containing |layers, with
one has a second thickness whereby a thickness ratio of said first thickness to said
second thickness is between about 3.3:1 to about 2:1.
22. The memory element of claim 1 wherein said at least one metal
containing layer comprises a plurality of stacked metal containing layers.
23. The memory element of claim 1 wherein said at least one o;hcr
glass layer comprises at least one second chalcogenide glass layer.
24. The memory element of claim 23 further comprising another
metal containing layer in contact with said at least one second chalcogenide glass
layer and at least one third chalcogcnidé glass layer in contact with said at least
one second metal containing layer.
25. The memory element of claim 1 wherein one or more of said at
least one chalcogenide glass layers contains a metal dopant.

26. The memory element of claim 25 wherein said metal dopant

comprises silver.
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of said chal cogenide glass |layers in contact with said first el ectrode and
anot her of said chal cogenide glass |layers in contact wth said second

el ectrode. 138. The nmethod of claim 137 wherein said plurality of netal
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met hod of claim 137 wherein one or nore of said plurality of chal cogenide
gl ass layers conprises a plurality of chal cogenide glass |ayers. 140. The
met hod of claim 137 wherein one or nore of said plurality of netal
containing layers conprises.a plurality of netal containing |ayers. 33 WO
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chalcogenide layer comprises silver-telluride.
35. The memory element of claim 30 wherein said chalcogenide
glass material has the formula Ge Se, 4., wherein x = 20 to 43.
36. The memory element of claim 30 wherein said chalcogenide
glass material stoichiometry is about Ge,Se,.
37. The memory element of claim 30 wherein both said first glass
la;fcr and said second glass layer comprise a chalcogenide glass material.
38. The memory element of claim 30 wherein at least one of said
first and second glass layers contains a metal dopant.
39. The memory element of claim 30 wherein said metal dopant
comprises silver.
40. The memory element of claim 30 wherein at least another of said
first and second glass layers comprises an SiSe composition.
4]1. The memory element of claim 30 wherein at least another of said
first and second glass layers comprises an AsSe composition.
42. The memory element of claim 30 wherein at least another of said
first and second glass layers comprises a GeS composition.
43. The memory element of claim 30 wherein at least another of said
first and second glass layers comprises a combination of germanium, silver, and

selenium.
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45. The memory element of claim 30 wherein said silver-
chalcogenide layer has a first thickness, said second glass layer has a second
thickness, and a thickness ratio of said first thickness to said second thickness is
between about 3.3:1 to about 2:1.
46. The memory element of claim 30 wherein said silver-
cﬁalcogenidc layer has a first thickness and said first glass layer has a second
thickness and a thickness ratio of said first thickness to said second thickness is
between about 5:1 to about 1:1.
47. The memory element of claim 30 wherein said silver-
chalcogenide layer has a first thickness, said second glass layer has a second
thickness, and a thickness ratio of said first thickness to said second thickness is
between about 3.3:1 to about 2:1.
48. The memory element of claim 30 wherein said silver-
chalcogenide layer has a thickness greater than or equal to the thickness of each
of said first and second glass layers. -
49. The memory element of claim 30 wherein at least one of said
first and second glass layers contains a metal dopant.
50. The memory element of claim 30 wherein said metal dopant

comprises silver.
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a first metal containing layer in contact with said first glass layer; -
a second glass layer in contact with said first metal containing layer;
and
a second electrode in contact with said second glass layer.
52. The memory element of claim 51 wherein x is about 40.
53. The memory element of claim 51 wherein said first metal
containing layer comprises a silver-chalcogenide.
54. The memory element of claim 51 wherein said first metal
containing layer comprises silver-selenide.
55. The memory element of claim 51 wherein said first metal
containing layer comprises silver-sulfide.
56. The memory element of claim 51 wherein said first metal
containing layer comprises silver-oxide.
57. The memory element of claim 51 wherein said first metal
containing layer comprises silver-telluride. -
58. The memory element of claim 54 wherein said second glass layer

acts as a diffusion control layer to control diffusion of components from said

second electrode through said metal containing layer and said first glass layer.
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60. The memory element of claim 58 wherein said second glass layer
comprises an AsSe composition.

61. The memory element of claim 58 wherein said second glass layer
comprises a GeS composition.

62. The memory element of claim 58 wherein said second glass layer
comprises a combination of germanium, silver, and selenium.

63. The memory element of claim 51 wherein said first metal
céntaining layer comprises a plurality of metal containing layers in serial contact
with cach other.

64. The memory element of claim 51 wherein at least one of said
first glass layer and said second glass layer comprises a plurality of glass layers in
serial contact with each other.

65. The memory element of claim 51 wherein at least one of said
first and second glass layers contains a metal dopant.

66. The memory element of claim 65 wherein said metal dopant
comprises silver. |

67. A chalcogenide glass stack comprising:

a chalcogenide glass layer;

at least one metal containing layer in contact with said chalcogenide

glass layer; and
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a diffusion control layer in contact with said metal containing layer for
controlling diffusion of elements into said chalcogenide glass layer.

68. The chalcogenide glass stack of claim 67 wherein said diffusion
control layer is a second glass layer.

69. The chalcogenide glass stack bof claim 67 further comprising a
n;tctal containing electrode in contact with said diffusion control layer and

- wherein said diffusion control layer slows migration of a metal from said

electrode into said chalcogenide glass layer.

70. The chalcogenide glass stack of claim 67 wherein said at least
one metal containing layer comprises a silver-chalcogenide.

71. The chalcogenide glass stack of claim 67 wherein said at least
one metal containing layer comprises silver-selenide.

72. The chalcogenide glass stack of claim 67 wherein said at least
one metal containing layer comprises silver-sulfide.

73. The chalcogenide glass stack of claim 67 wherein said at least
one metal containing layer comprises silver-oxide.

74. The chalcogenide glass stack of claim 67 wherein said at least
one metal containing layer comprises silver-telluride.

75. The chalcogenide glass stack-of claim 67 wherein at least one or
both of said chalcogenide glass layer and said diffusion control layer contains a
metal dopant.

76. The chalcogenide glass stack of claim 75 wherein said metal
dopant comprises silver.

24




mo%a& ()- ZBdEuV7 10@L' 1099& ()- 9B10%& ()-"109& ()- ¢
1090°& ()-Z: 109F7& () -G 10%F7& () - BbdEUV7 10@ @310%& () - 2@ 0% & () -
01099& ()- F.1000& ()- +1090& ()-)g 109a& ()- 9fijklyxnbC 10@10%& ()- 10T
10T 10Ty>woBmaiet) - &<- 10967& ()- 931094& ()- 7109& () - y=boEnse i@
T@O%& ()-s 10%& ()- G'10%& ()- syl0%& ()- 9 10%& ()-! 10%& ()-' WHdEmbC
10@ @ 109 ()-s109& ()-m 109 ()- YMLOY& ()- @O% ()- 109 ()- #Z*ndEnbC
10@ 3. Z109&' ()-s+109& ()- y)Z109%& ()- s9' 109& ()- $g109%& ()- s"109%& () -
n*ndEnbC
77. A memory clement comprising:
a first electrode;
at least one first chalcogenide glass layer in contact with said first
electrode;
at least one first metal containing layer in contact with said at least one
first chalcogenide glass layer; '
at least one second chalcogenide glass layer in contact with said at
least one first metal containing layer;
at least one second metal containing layer in contact with said at least
one second chalcogenide glass layer;
at least one third chalcogenide glass layer in contact with said at least
one second metal containing layer; and
a second electrode in contact with said at least one third chalcogenide
glass layer.
78. The memory element of claim 77 wherein said metal containing
layers comprise one or more silver-selenide layers.
79. The memory element of claim 77 wherein one or more of said
chalcogenide glass layers comprise a plurality of chalcogenide glass layers.
80. The memory element of claim 77 wherein one or more of said
metal containing layers comprises a plurality of metal containing layers.

81. The memory element of claim 77 wherein one or more of said

chalcogenide glass layers contains a metal dopant.
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83. A method of forming a resistance variable memory element
comprising the steps of:
forming a first electrode;
forming a first chalcogenide glass layer in contact with said first
electrode;
forming a first metal containing layer in contact with said first
chalcogenide glass layer; and
forming a second chalcogenide glass layer in contact with said first
metal containing layer;
forming a second metal containing layer in contact with said first
chalcogenide glass layer;
forming a third chalcogenide glass layer in contact with said second
metal containing layer; and
forming a second electrode in contact with said third chalcogenide
glass layer.
84. The method of claim 83 wherein said chalcogenide glass layers
comprise a material having the formula Ge,Se, .., wherein x is between about 20
to about 43.

85. The method of claim 84 wherein said chalcogenide glass layers

have a stoichiometry of about Ge,oSe,.
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86. The method of claim 83 wherein said chalcogenide glass layers
comprise a plurality of chalcogenide glass layers.
87. The method of claim 83 wherein said metal containing layers
comprise a plurality of metal containing layers.
88. The method of claim 83 wherein one or more of said
chalcogenide glass layers contain a metal dopant.
89. The method of claim 83 wherein one or more of said metal
containing layers comprises silver-selenide.
90. The method of claim 88 wherein said metal dopant comprises
silver.
91. The method of claim 83 wherein said metal containing layers
have a thickness which is equal to or greater than the thickness of each of said
chalcogenide glass layers.
92. The method of claim 83 wherein each of said metal containing
layers has a first thickness and each of said chalcogenide glass layers has a second
thickness whereby a thickness ratio of said first thickness to said second thickness
is between about 5:1 to about 1:1.
93. The method of claim 92 further wherein said thickness ratio of
said first thickness to said second thickness is_between about 3.3:1 to about 2:1.
94. A method of forming a resistance variable memory element
comprising;:
forming a first glass layer;

forming a silver-selenide layer in contact with said first glass layer; and
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0 forming a second glass layer in contact with said silver-selenide layer,

whereby one of said first and second glass layers is a formed of a chalcogenide
glass material.

95. The method of claim 94 wherein said chalcogenide glass material
has a stoichiometric composition of about Ge,,Seq,.

96. The method of clgim 94 wherein at least one of said glass layers
contains a metal dopant.

97. The method of claim 96 wherein said metal dopant comprises
silver.

98. The method of claim 94 wherein both of said first and second
glass layers comprises a chalcogenide glass material.

99. The method of claim 98 further comprising the step of forming
alternating layers of said chalcogenide glass material and said silver-selenide layer.

100. The method of claim 94 wherein said layer formed of said
chalcogenide glass material further contains a metal dopant.

101. The method of claim 100 wherein said metal dopant comprises
silver. |

102. The method of claim 94 wherein another of said first and second
glass layers controls diffusion of a metal ion from an electrode through said
memory clement.

103. The method of claim 102 wherein said other glass layer

comprises an SiSe composition.
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104. The method of claim 102 wherein said other glass layer
comprises an AsSe composition.
105. The method of claim 102 wherein said other glass layer
comprises a GeS composition.
106. The method of claim 102 wherein said other glass layer
comprises a combination of germanium, silver, and selenium.
107. The method of claim 94 wherein said metal containing layer has
a thickness which is equal to or greater than a thickness of each of said first and
second glass layers.
108. The method of claim 94 wherein said metal containing layer
~c‘ompriscs a plurality of silver-selenide layers in serial contact with each other.
109. A processor-based system, comprising;:
a processor; and
a memory circuit connected to said processor, said memory circuit
including a resistance variable memory element comprising at least one metal
containing layer, at least one chalcogenide glass layer, at least one other glass
layer, said metal containing layer being provided between said at least one
chalcogenide glass layer and said at least one other glass layer.
110. The system of claim 109 wherein said chalcogenide glass layer
comprises a material having the formula GeSe,q,,, wherein x = 20 to 43.

111. The system of claim 109 wherein said chalcogenide glass layer

stoichiometry is about Ge,,Se.
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113. The system of claim 112 wherein said metal dopant comprises
silver.

114. The system of claim 109 wherein said other glass layer comprises
a second cha.lcogcnidc\glass layer. .

115. The system of claim 114 further comprising another metal
containing layer in contact with said at least one second chalcogenide glass layer
and at least one third chalcogenide glass layer in contact with said at least one
second metal containing layer.

116. The system of claim 114 wherein said chalcogenide glass layer
comprises a plurality of stacked chalcogenide glass layers.

117. The system of claim 114 wherein said metal containing layer
comprises a plurality of stacked metal containing layers.

| 118. The system of claim 115 wherein at least one of said

chalcogenide glass layers comprises a metal dopant.

119. The system of claim 109 wherein said metal containing layer
comprises silver-selenide layer.

120. The system of claim 119 wherein said other glass layer comprises
an SiSe composition.

121. The system of claim 119 wherein said other glass layer comprises

an AsSe composition.
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123. The system of claim 109 wherein said other glass layer comprises
a combination of germanium, silver, and selenium.

124. The system of claim 109 wherein said other glass layer is a
diffusion control layer for slowing migration of a metal ion from an electrode
connected thereto.

125. A processor-based system, comprising:

a processor;

a memory circuit connected to said processor, said memory circuit
in’cluding a first electrode;

 at least one first chalcogenide glass layer in contact with said first
electrode;

at least one first metal containing layer in contact with said at least one
first (.:ﬁalcogcnidc glass layer;

at least one second chalcogenide glass layer in contact with said at
least one first metal containing layer;

at least one second metal containing layer in contact with said at least
one second chalcogenide glass layer; -

at least one thu-d chalcogenide glass layer in contact with said at least

one second metal containing layer; and

a second electrode in contact with said at least one third chalcogenide

glass layer.
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126. The system of claim 125 wherein said metal containing layers
comprise one or more silver-selenide layers.

127. The system of claim 125 wherein one or more of said
chalcogenide glass layers comprise a plurality of chalcogenide glass layers.

128. The system of claim 125 wherein one or more of said metal
containing layers comprises a plurality of metal containing layers.

129. The system of claim 125 wherein one or more of said
chalcogenide glass layers contains a metal dopant.

130. The system of claim 129 wherein said metal dopant comprises
silver.

131. A memory element comprising:

a first electrode;

a second electrode; and

a plurality of chalcogenide glassllaycrs and a plurality of metal
containing layers between said first and second electrodes, whereby said plurality
of chalcogenide glass layers alternate with said metal containing layers, with one
of said chalcogenide glass layers in contact with said first electrode and another
of said chalcogenide glass layers in contact with said second electrode.

132. The memory element of claim 131 wherein said plurality of
metal containing layers compﬁscs one or more silver-selenide layers.

133. The memory element of claim 131 wherein one or more of said
plurality of chalcogenide glass layers comprises a plurality of chalcogenide glass
layers.

32



9410947& ()- 71090& ()- =LAJEnbC 10@  1096& ()- Lg1096& () -
1096& ()-Lyz1096& ()- &109B& ()- ! 10%& ()- 0qydBnbC
10@ F10965& ()- F9g1096& ()- 1096& ()- 931096& ()-
1096& () -WOOR®2I6) - [ dEMC 10@ 9 . 1096& ()- 9+ 1096& ()- 9SPETARYEEds6ES - 3
& 10968 ()- $10%& ()- "10%& ()-JckdEMC 10@ &<10%& ()- 8910%& ()-
Y7109%6& ()- 95 109%B& ()- 2-10%& ()- 9s0 109%& ()- knopg~bC 10@ MLOYTE& () -
S s1094& ()-3"YL090& ()-31094& ()- 105 105 105 f> 1096& () - % SAEbC
10@, 1 10%0& ()- 10%9& ()- @LOYWI& ()- ss10%& ( % - 3@310(@'@_&' ()- T ()
21098 & () - SA\ | | dBdd. Y@ Qe Qi SlclcnP BELARTHRS' v)'l'z rein : %)'c L-
109@°& ()-109G& () -1 EJEDC 50@@18%%' 05 <350 o ar 15 éé%bfygf&*(‘ J< ¥ oare () -
1 _ ! - | 0, ! - 0 ' - 10T .
+10%& () p&glpt;ﬂé%régm%o%gﬂﬁ"&gléycﬁ)c/gmg iscgs. alggilﬁ&ali of metal containing
layers.
135. The memory element of claim 131 wherein one or more of said
plurality of chalcogenide glass layers contains a metal dopant.
136. The memory element of claim 135 wherein said metal dopant
comprises silver.
137. A method of forming a resistance variable memory element
comprising;:
forming a first electrode;
forming a second electrode; and
forming a plurality of chalcogenide glass layers and a plurality of metal
containing layers between said first and second electrodes, whereby said plurality
of chalcogenide glass layers alternate with said metal containing layers, with one
of said chalcogenide glass layers in contact with said first electrode and another
of said chalcogenide glass layers in contact with said second electrode.
138. The method of claim 137 wherein said plurality of metal
containing layers comprises one or more silver-selenide layers.
139. The method of claim 137 wherein one or more of said plurality
of chalcogenide glass layers comprises a plurality of chalcogenide glass layers.
140. The method of claim 137 wherein one or more of said plurality

of metal containing layers comprises a plurality of metal containing layers.
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of chalcogenide glass layers contains a metal dopant.

142. The method of claim 141 wherein said metal dopant comprises

silver.
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