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applies silver (Ag) photodoping to a chalcogenide glass, such as germanium selenide (Ge:Se(.x).
As reported by Mitkova, et al, in “Dual Chemical Role of Ag as an Additive in Chalcogenide
Glasses,” Physical Review Letters, Vol. 83, no. (9 (Nov. 8, 1999), pp. 3848-3851, silver (Ag) can
only be photodoped into glasses of specific stoichiometries that form silver selenide and é new
30 glass stoichiometry backbone. Further, glasses that can be photodoped with silver (Ag) are
“floppy” and switch relatively slowly as compared to a rigid glass. Boolchand, et al., in Onset of
Rigidity in Steps in Chalcogenide Glass, Properties and Applications of Amorphous Materials, PP-
97-132, (2001), observes a floppy to rigid transition in Ge:Se( glasses that occurs when x = (.23,
where x corresponds to the germanium molar concentration.
35 In addition, Mitkova, et al., found that glasses that fall within the stoichiometry -range
defined by region II of Figure | of the Mitkova reference do not form silver selenide when doped

with silver (Ag). For example, a rigid glass, such as germanium selenide (GewSesa) will not form
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23 August 2006 silver sel enide when photodoped with silver (Ag) and, as a
result, does not function as a nenory switch. The presence of S|Iver
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Thus, adherence of a layer of silver (Ag) to a layer of germanium selenide (Ge:Seq.v) is
advantageously not a concern.

One embodiment according to the present invention includes a memory ceil with a layer of

30 asilver chalcogenide and a layer of a chalcogenide glass, such as germanium selenide (Ge:Seq.x).

“ The layers of silver chalcogenide and chalcogenide glass are formed between two electrodes, which

are also formed. The electrodes can be formed from materials such as tungsten (W), tungsten

* nitride (WN), titanium (Ti), and the like. The silver chalcogenide can correspond to a variety of

materials, such as silver selenide, silver sulfide, silver telluride, and silver oxide. The chalcogenide

35  glass can correspond to a variety of materials, such as germanium selenide (Ge:Se(.), germanium

sulfide (GexS(1.x)) and arsenic selenide (As.Se,).



23 August 2006 Anot her enbodi ment according to the present invention
includes a nenory cell withra layer of silver (Ag), a layer of chal cogenide
gl ass, such as germanl um sel enide (GexSe(i.)), and a Iayer of silver
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electrode layer. In one embodiment, the chalcogenide glass is germanium selenide (GexSeq.s), and

there are no other sources of silver (Ag) other than silver selenide. In another embodiment, the

30 chalcogenide glass is germanium selenide (Ge.Seq.)) and at least one of the electrodes is silver
(Ag). |

Another embodiment according to the present invention includes a process that forms an

active layer of a memory cell by forming a layer of both germanium selenide (GesSeq.) and silver
(Ag) and forming a layer of silver selenide.

35 Brief Description of the Drawings
These and other features of the invention will now be described with reference to the

drawings summarized below. These drawings and the associated description are provided to
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-3 23 August 2006 illustrate preferred enbodi nents of the invention and
-are not intended to linmt the scope of the invention. Figure 1 illustrates
a process according to an enbodi nent of the invention of forming an actjwve
| ayer by layering silver selenide and a chal cogeni de gl ass.235ARUgLZQ0
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chal cogeni dieveities.s. Figure 3 illustrates a process according to an
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apparent to those of ordi nary skill in the art, including enbodi nents which
do notlOprovi de Eigire dfillbswateh @ medridrs celhdliti embative dayeeformhat bhlabemgisilyeratienidd so
wi thin the t.his, 20 invention. Accordingly, the scope of the

I nvention iﬁs'ﬁgg ?‘ﬁ‘%&"'@%ﬁy by reference to the appended clains. Wile
illustrated in tKiguredniliaxtatasfa siemonr cellewitnianl activedlages rfomeduby cedepositing silviee

skilled artjsan_wll reciate that the principles and advant ages
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chal cogeni de gl aSiges.6 Mostragx anpbloryadehavittsal aeive dhyed toged by esediy siheh (4,
silver gul fiide. silver t.ellurid and sil ver xi de. Anot her chal cogeni de

gl ass iAcl d eé'mﬁrag%%o@emge&‘ﬁ%iaagh(yﬂé%zli'/ rse g?'i cant has di scovered that

regions of silver sel eni deDstaiteliDesayipriomof thsPrefetredEfbodimémtx Se(| X)) are the
o o oo b ol TR B GEaE b e ol b o
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sel eni de anga.'%s new stoi chi onmetry of germanium selenide (GeySe(i y))

backbone. Fi (jur'e 1l illustrates a process 100 according to an enbodi nent of

the invention ofWhity ifiusigated3in @8 cofkktVel diRWCEeldn@le fhd ERrRANuE 8klknilld, thayEnidg
d a chal cogeni.de gl ass. The term_ "sil ver selenjde," as
h

silver se!reg'%sde ?‘E s q . / €
used her ei BTSRRI, ArpIeciqic, that the pripciples and aduantages described hegpsnsary apglicable to pihe
silver types of silver chalcogenides and chalcogenide glasses. For example, other silver chalcogenides
25  include silver sulfide, silver telluride, and silver oxide. Another chalcogenide glass includes arsenic
selenide (As,Se,).
Applicant has discovered that regions of silver selenide within germanium selenide
(GerSeqi.r)) are the source of the memory switching characteristic of silver (Ag) ultraviolet (UV)
photodoped germanium selenide glasses in a resistance variable material memory cell. Mitkova, et
30 al, observed with Modulated Differential Scanning Calorimetry (MDSC) experiments that silver
(Ag) photodoping of germanium selenide (Ge.Sey.) glasses of glass forming region I (selenide
rich glasses) resulted in phase separation of silver selenide and a new stoichiometry of germanium
selenide (Ge,Se(1.4) backbone.
Figure 1 illustrates a process 100 according to an embodiment of the invention of forming
35 an active layer for a memory cell by layering silver selenide and a chalcogenide glass. The term
“silver selenide,” as used herein, includes stoichiometric silver selenide (AgaSe), silver-rich silver

selenide (Ag:vSe), and silver-poor silver selenide (Aga.Se). The term “chalcogenide glass,” as
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sel eni de (A$2+.Se), and silver-poor silver selenide (Ag2xSe). The term
“chal cogeni de glass," as -4 23 August 2006 used herein, includes gl asses
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sel eni de | ayfbudne nlabgils| méﬂéem%%ﬁkn@ngﬁ,e 2 J%ﬁ&l&ﬂhé&&ﬂ%&?‘%'ﬁr&)&c&m&er

It will be understood by one of ordinary ski he"art” “that 1n anoth

enbodi ment , Therrogssoaduances from formingid 0 $einy elgetrada et forming 120 dlver selpaide layer.
(GeXSe(l. X) ) andpypd &%&sz QS 1349 fﬁm%r 1Wef opﬁivg dea&'lﬁyr th '%réf%ieb&&dé O the

processes can be used to form 120 %9;& er [Ver sel eni
Pref er affl y, PIRFRSS rf@alrawidpbhglerepiot!\etnrQFnSS(fPsx[fprmebmm diversselenide fayersand\thgsofoams ve

25 deposi ti pyp AReaRM t@idRYGe %E{? H%%ﬂ lttq"l md(]n%{go& orteDf Bl E'yc%t% Hhe art

sel enide. O her processes, suc em ca vapor p03| tion
co- evapor at heiiin angiepr qmbesimentythe proresy Erst foms £l 0argetmaniu@e jeletidpiieyer €Ge:Sepan) and

silver (Ag)thélpfot't% ) déll\(lgl‘rseégildg g8 £odie ﬁ)e B(Qgss Gl pe "iﬁi'o%gelag%lewayer of

silver selenide I's direct epo |ted |at|ng the nee
phot odope t$iléers sthenideat Brefmbly \piysiead |vamfodemﬁﬁomtﬂymapcmum chddepievaportive

still bg US&flosnYéfh%ﬂ sglﬁ% %f#,/ gmgt? 9)%{':1{1"92(* %ﬂv J)f S“§e?q¢10ttilgg Sih rBoes%tI; 00

of a layer o | ver e can e rTntensity
and/ or t he a¢hemicyryapdr depnsitiap (CVBY cwvapadmam,|aoﬁdc;ﬁuun§tehyerwdvdﬂu@q&©l®hyq

since light, Q%%fﬂ%k(ﬁ%?%fgﬁlScitlvfgglem?iett:g}al&'t{g ‘E%d sel enide layer, the silver
0

sel enide |ayer can rior rmng 130 of the
chal cogeni de | ayAdvanagegwnsilver Fm@mde isl direcFlyedeposited,s themtly avbyaging rtisnnbat me ng

120 the silpt6fodSee fib bt SrdidWfih UnPraliBlitl. "Sr dotithe! 0 phOBAHAEERR Wi b6 Rselt Nifere
30 UV photodoping is still used, the direct forming of a layer of silver selenide can still
advantageously reduce the intensity and/or the duration of the applied UV radiation. Further

advantageously, since light does not need to shine on the silver selenide layer, the silver selenide
layer can be formed 120 prior to the forming 130 of the chalcogenide layer as shown in Figure 1.
The process advances from forming 120 the silver selenide layer to forming 130 the chalcogenide
35  layer.
The process forms 130 a layer of a chalcogenide glass. For example, the chalcogenide

glass can be germanium selenide (Ge:Seq.y), arsenic selenide (As:Ses), and the like. Preferably, the
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The process forns 130 a | ayer of a chal cogeni de gl ass. For exanple, the
chal cogeni de gl ass can be gernmani um sel eni de (GexSe(ix)), arsenic selenide
(As2Se3), and the like. Preferably, the -5 23 August 2006 chal cogeni de -
gl ass formed i s gernmani um sel eni de (GexSetl,xt). I'n one ent?3chiitZ006 js jn

a range Ofchﬁ‘QQééth gfasd ﬁnﬂmy%ergmﬁ’ m se¥ani Zgggjgl‘fi % W&I‘Je%ﬁ@g@i}n@& -glisaiﬁ§l rhr e

Ged40Se60. Preferably ess forns er sel enide layer,

t he proces<faboutf. 21@@*’%’%4 -| AnyexemplarybaleggeniderglasslieGeafesd GexSe(i  x) ) such
that the silver ﬁ'@l}cﬁtgp:, fhe tpﬁ&é@{ fbrﬁlstﬁb\ﬁﬁesﬂvégglgﬁldg’@ert &d‘? E)Q)Q&s mg@tl & ¥R

(A) thick, and such Eh(germaml um sel eni xSe | ayer 1's between
about 200 t@fqeﬁsﬁmamhm&lemqi Gerieo et thabthe sﬂ‘teheelmlde\)@rer eﬁé?eévﬁeeiebqua?@ to s

foyer of calobaRluonRial B, AEL M ReabinblSeleE K Soc) okl Birwben dowe
el ectr ode 001ty d040a4 jthicky nltncong mibadimentythe siven iselenidd layesisiahonb 4000A dliels nd tes .
It will be gipdesh achid¥ces H@ﬁg&r@ gﬁwof%@mbg,{hat.g ufsdo A Bk the first .

el ectrode and the 10 secon can correspond to, for exanple, a

top el ectrode anthearersss: formsel48m seennd elqc@@qsezftthwwstancervamabl%ﬁnaenélcel and thes
The | ayer 3;.-0&54 endé. |$G,'ilﬁgé' ﬂﬂer&t%@ﬁﬂo&%@o#a}ﬁag}gﬂﬂﬁ GPh Ak Al lectrdGind

chal cogeni | ass for t’he proces re di sposed between the |rst
el ectrdle éﬁ@ndtﬁ@t@éwwd cetr@eorrd)ae fovwwrdh elt@ttehic%oqsmr@nsulmﬁomsela%mdped

bet ween th%ipbétﬁklye&:etﬁtsfdg‘iﬁc@d&@s tf‘@ igfe?g ée%ﬁid[% ﬁ 2& WSIU%H&& aQ@EItEWay

Is formed or is disrupted In ver sel eni e an er

of chal cogdmiesef @a&ggemdmém t's’rrrmt 13@rbydhe mrn@sa:md@mspd/betweﬁnﬁm&fﬂ inérpée
resi stance fetus elE&Fon' eF%eéactr-Ehfotenﬁglnig %BL“&&%R@&HWFRFE@&:&B@ afid Elfér

the renoval of t c@p I e ectric potential. This property can permt
sone enbod |5HME'§1°9¢° # eonluctisn pashwayris fdsined ereis disfupted drethe layer ¢Pféﬂ‘éﬁf gelenide and
i nf or myki oNpd Bvéd of ARMGndde! idss MBNNEer . 20 Figure 2 illustrates anot her
process 200 ac)((:orod?%g gén 1 eshbodl ment of the invention of formng an
active layer forThg fm#bwc&thﬂ donductive pathvaly|layecrs the erdisianasdetyeen thielectades eThe
| ayer is fQphkduiy ,g,g‘g e
substantially |r§ apaé q%bﬁsﬂstra%e 4 h\{%ﬁ%ﬁ%ﬁ %ﬁ)l&]g‘e&' 'sr}%ge?'slgsm%@éa"
advant ageowsimit spingri mtmémepheofw rpdisiancel opiiside snatguial Teik tp rrgtams inforingtigst imtaed
in Figure %oﬁ?dgatﬁétﬁ QRE applied to a broad variety of substrate 25
assenbl i es escribed earlier in connection with Figure |I. The process
forms 280 a condigtré ¢allustratesranpther pocess (260 reroalingsoamtsmbotimenbofithe invientiun of

el ectrode B € ofm

filmcan bgarg;e'{;hgct e§p§ M%‘%nqy%/'é'g'?e y of f"c‘g‘JﬁA edep(? %Sé m‘g ggﬁg'ﬁ'&%eﬁy
earlier i depasitingctiiven sslgnide Ftitbar@atbogeiiwe glasscabsxamdkbanmes singlonatépar ninngne210
the first e 9 e he process forms
220 t he ac?b‘@’g& g"gﬁth%hgﬁmc ég%%% g{ugﬂﬁééé %H\/@" {Odc'pnsg and/ or is

di srupted. The iTheysogesst éldstptedaesl‘sgtcc)%dapcmsotim zm})ﬁedstd uebroaﬂalaeetydﬁ sabstrag
chal coggni s t 22 ey n_one

hys: oo At s & T"%%"T%H%Q" oot 8 FUE T T B FAPR S R Bbsertcon,
sputtering, filmmg thehmibbtrdteassambdy tnsbdn kdirft elearQI2(of ttivemamdry cell.| Ayemateridlaised to

?ggl (éoglenl ‘?&ngt'}xgé&dg&svg lfn i ckdlldb amsa vsaHe n o? csonguecrt!\r/r},;jl Qlal%l%lg gsl tF&chzrl eed earlier

in connection with Figure 1. The process advances from forming 210 the first electrode to forming

220 an active layer.
30 The process forms 220 the active film in which a conductive pathway forms and/or is
disrupted. The illustrated process co-deposits 220 silver selenide and a chalcogenide glass to form
220 the active layer. In one embodiment, physical vapor deposition (PVD) techniques such as '
evaporative deposition, sputtering, and the like, are used to form 220 the active layer. The
chalcogenide glass can include materials such as germanium selenide (Ge:Seq.), arsenic selenide ¢
35  (As:Ses), and the like. In one embodiment, the chalcogenide glass is germanium selenide (Ge:Seq-
1), where x is between about 0.2 and about 0.43.



35 (As2Se3), and the like. In one enbodinent, the chal cogenide glass is
germani um sel eni de (Ge. Sep- where x is betvveen about 0.2 and about 0.43. -6
23 August 2006 The thickness of the active | ayer forned by the process can
vary in a relatively broad range. Preferably, the process 3ohvusb¥a he

active layer to ahéMidkhéss sEthDEVERYerFoimicl by B2 phrcBd da Vi a 2l MPh G
preferably, }ireg Rrocess fornms 2'20 he actlge Iayerq%o %‘hl%kﬁ%ly&brgetvxe%

about 500 Yl progaspfonms P20 the active dayer 1, a thigkngss be@rs‘sﬂ ghort 0022 @nd ihout
active | ayep000oA aMobd sikRASH, Mb pRBRY forms 230 fle ARAE Iy R a(ﬁkneésdmeﬁg?&i@bd

t he |Ilustr%ng roces can forman active | ayer W thout silver (A

phot odopi ng ROy 7P0ai 39 Prsexample.dhe presss BrPOEROThnactive Javestie o dikkppss gf about
still used. sdhangspomseps advances from form ng 220 the active layer to
form ng 230 a seg\gnd el ectrode The process forns 230 a conductive filmon
the substrate asS8d¥Asfagequslys dhenillysteatsdopracess gan fasey am @etivsf layascwithonb sijver dAg)

and t he pr Oﬁl&ﬁ@doﬁiﬂﬂ&vltm—m Adlatihe IR Yfdthel QEBAmMER0 UV pFlit&RPRETds sl g@en-ﬂlpe
first el ectrode g‘{]d second el ectrode. When an el ectric potentia

appl i ed bet REEFS aqvarees frpmforming 32 theactiyedayento fowninshaB0A seand gleetrods. conduct i ve
pat hway is for Methe prodéss fomisCH00e BHadiivg filRNont (he saoénafe' szenfbfly to forPP bdc Sl

electrig, potential, The formation and/ or di sruE on of the conductive

pat hvvayfq electiode of the memony elbeand the Brosess £nés o A astive  lpyse formed 220 55 disppsece 3

il lustrat esbﬂwéHnQﬁeeﬁlit S oL BEbnk Rlettfode "WAh AR Plecthif p«Sthﬁlai Q‘éﬁﬂ#eh BBwRln
form ng an ag_ltlve ayer of a nenory cell Dby depositing a er o

ger mani um sBF &Rt glectads andghe secpnd “é‘??HOd;ﬁ p ganductiva gathwaynig f%[“leéyé isrgpted; d¢ponsling
sel eni de. |én megomiquuismabheme%:ricrbo&nﬁﬁnm RfmatAhd/Br &s:&&m%tb??lg e Qdndid weT he

process forns, 31Q a conductjve filmon a substrate assenb rma |rst
el ect rode Pﬁ‘h"f%’ésﬁ%‘ﬁ%? cé'éP‘fde‘eFﬁéaﬁﬁF‘@FgedF impedanceo formthe conducti ve

filmcars be sel egig@e 3ﬁll6§%ﬁs¥§fobé§ B0@hccordfhg GO BRI BRbddviRerTBF fik i fveﬁnon

enbodi ment, the process deposits tungsten (W as the first el ectrode. e
process advaifchye leyesof 2 mempryrets by denositing 3 leyerof germaniye selsnide (Gd-Fap-B 200 wilver | m

or layer Of(AgQQhﬂfE!H{UrrBﬁﬂJe?QélQﬁde( ﬁﬁaﬁé%&bwme&“ﬂsm}éﬁg <§f'%g%]u Ogﬁfﬂeup‘fﬁ’s)

forms 320 the | aye ger mani um sel eni de (GexSep
onto the first ee'lf?‘f"’&%@"“sl'?l’é‘ afogducsive Blnort mqbsmeassayuy (e Jorpfa f"gsrqﬁqﬁtmdﬁn

sel eni de ( @PteaRemdky callOrheinlaeial usePo(foieh thé Bor@iGive AW EanYe sBScSER gﬂety of

Iayers In on‘;ﬁenbodl ment, the process co-deposits germani um se
(GeeSe(30 . )9PndsHvempigrals. hganemquwmtahepw Hieppeifs. tungstem (WD hethe eﬁmgucmlm

t he prOCeSSI'heff.QbéEﬁs mnéeg'ffrolrraﬁﬁﬁlfn%)“@fmgm #8856 t%m"gg ?enﬁgﬁk@@%e%))

silver (AQ) ep03| ti n separate |ayers of gernanium
and sil ver E’(‘ﬂé“ S@Ptewﬂt""'é&'b@r@ﬁghg to the invention forns a

latively th feosid
30 sel eni de. <'<;2x"§'§ “ﬁ;f’"‘"‘snﬁgE"g('@%)éﬂﬁ%é"'iﬂ“ﬁ%‘h%"eﬁ'@é{}?% P4l ey oD R 1
si lver (Ag)thg rstelestrods0ie Rrpessican foxm thy layerts) obgermenium sélenidcGesSeow) shdmiiverbe
f or med 23dj c’(ﬁgmn 4 I&féﬁcF & %Mt‘é" ofs shifg o'rlé‘¥aﬁﬁoé?$e hg%roo% e%%) digp({s)gfﬁ%?bl %’.)

t he pI’OCGSS or ns ayer O er mani um se
and sil ver Seiemgs (GesSeup and Rﬂ‘@séAEietpvfe@nwbdxgtlayZEOhAamwr meammnu the tphess

gcra(r)(r:rgfl |Sulrn| Iferndst 20 aRe Rerls) g\"'ﬁ@rm§muﬁ1@%leni99f§§x§eﬂ«8 8 site? (I\E)eby Gepoliting se?:gra Qot h
layers of germanium selenide (GesSeq) and silver (Ag). One embodiment according to the
invention forms a relatively thin layer of silver (Ag), and then forms the layer of germanium

30  selenide (GesSe(1.y). In one embodiment, the relatively thin layer of silver (Ag) is about 50 A thick.
A layer of silver selenide should not be formed adjacent to the relatively thin layer of silver (Ag).
Preferably, the process forms 320 the film or layer of gérmanium selenide (Ge:Seqi.y) and silver
(Ag) to a thickness between about 250 A and 1000 A,

In the process illustrated by Figure 3, the process forms 320 the layer(s) of both germanium

35  selenide (GexSeq.ry) and silver (Ag) and then forms 330 a layer of silvér selenide. Preferably, the
process forms 330 the layer of silver selenide to a thickness between about 300 A and about 1000
A. It wili be understood by one of ordinary skill in the art that in another embodiment, the process
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35 sel enide (GeXSe(i_x)) and silver (Ag) and then fornms 330 a |ayer of
silver selenide. Preferably, the process forms 330 the Iayer of sil ver
selenide to a thickness between about 300 A and about 1000 It will
under stood by one of ordinary skill in the art that in anot® e‘?u%%%(%ﬂ%nt
t he process U t 0 r
and then f oﬁ%%%Bﬂ]ﬂg?ﬁver ?‘?%'dc Mgearn I%%E]elqﬁfmﬁ's%e %%%?ytg’%eﬁ%%m‘m SAI&W&

si | ver (Ag)(GeiSeq-apiahd: silver, (Atghelrdmm the rdepysitioh of thel rglati i FF m of le b‘ltg)
silver (Ag) van | I fiRc

slightly si a1dv§}1 agpo&s?yg%]%grgh% sﬂ“r%@ﬁrtuhpﬁy& b b€ forggh §ﬁ'g,hﬂ2 sh@e)f%ol R g&; ?l?éa%flﬁg
to the mnmmm@ﬂsulvﬁ(%)ummb}etoﬁepnms@ls can be used to form 320 t he
Iayer(s) of gerngn Bratsa

phyS|caI vapor ngp%)s é@r&ﬁs&j&(‘tegﬁgmﬁgﬁgﬂgﬁﬁgﬁ gpor‘e‘a‘#l\?gg dﬁ%ﬁ?.on
and sputt em)rayd silvee (Ag)e Preferablyr phy3ie@) vaper deggsitiondPVER tashiinesh Bieh ahpypponative
(Ge, Se(i . S ) fidd (OLRAL) and
deposition ‘%"8@%?“ :lng E‘E)ueé’%wr%?g%fdggﬁﬁ%% yﬁﬁéﬁg"@llﬁr’h%r ocess ad)vgnnces
fromform nsglvm@\gﬂ h@tﬂeaymcems, g@hmwhm@laaml depositipa CYE) any co-rapgRtion Fan, er
(Ag) to for S3sm g

| ayer of a €gll ver se er??%gsrsag e%sal%z‘i fo?)'ﬁl“g@Fgg}e l;sgezfgﬁr#egg shogﬁéﬂi%e(@ﬁ%g?%
on the tj)errmdlsdmrwt)emfmmgmsb&ﬂOf)ﬁll\lea%md@r on a co-deposited |ayer of
silver (Ag) and ge | F &fhldé sRhiPbe
silver (AQ) Iayerl% é&% gﬂli%ggﬂ ? ?évr%?@éle emgg% epeﬁlgg ﬁé&:de S05| ted
and a UV phibtmetbpi the gm;mumsehwe (@eﬂﬂmh) Iab@rcmmpp@émsteﬂd#mo ’Gefa(%b%ihd
el ectrode of the nme r siveed
by one of ofan %%r Sgl%g %‘7 &%'éef I’?qu'rt E‘Qfﬂp&ﬁ IZ%fs?Pst(Ag} ‘iag%é\ﬂr hg@ﬁg%@ second
el ectrode calemdeasrd*nesﬂxﬂwdosutgd aridarU"é phetpdoping atep dgnothesdedk ode and a bottom

el ectrogde, respe I Qepm
el oni B ( Gesei ThaSisk ot 148 a3y «BLRAL EPRE e ol BT ot G DF

| ayer of S|banmdersbbéhyde&mdmdrikﬂﬂnlﬂwmatlﬂred&e@éﬁcm@ @dmmdlngWEﬁaft he
first 20 el &cl. n 0 Wag, c e S
appl i ed bet vvee ?ﬁeg f%r ?g"é'ﬁ 1Q%dgie8?°dé atqﬁe secongﬂcwt E%B&"p&& C%E] 3%:‘?% ve
pat hway is élestmdes. oThe byeﬂﬂs}soﬂg&rmdmum seleaide 4G@Beos) Bidsilesr (Agd(fermied 205 thére

| ayer (s) of erm r

i nf or mat i onP'Can: co d'ﬁglaﬁ% Sflver séigmzri%%%crﬁor@s]l gdr%sgs? ré@ ts gﬁﬁgetrny' egglisé
st or age20 | nelamedeadahk seeont] eleuhmee WHee amellmncypataitial xsamﬂeé betivaerr the fiest electrgde

first state rel at esi s e

el ect r odes %{’ﬁd&% %&%d'gc%ot%%ta COEYFHYE FS’SJ,‘{ AT ePra'[sl veﬂégdnpl ﬁ@ﬁ%@l o §lﬁ’gre
bet ween theseadneiefambtﬂemyer[s)oﬂgbdnimmselérhdb(ﬂBJSa(lu;)tgndeﬂvetmeg)el ectrodes can be
reversed to alte the,c dutlve at hwa |1
to be erased and 1By upmagon ﬁ?rbg?'éesaf)"% tp @5?%" £l 'ﬁabqe o maﬁ%o g tmm;yydz&;
accor di ng tmrtagre Ip bmﬁodimuenhém Iﬂleﬂﬁelﬁ)rﬂwnwemlhdw dadda t‘mttdatea:nrrapbndvm a

| ayer f h eri.ng silver e and a c eni de. gl ass

1 st 1 ey Phiepang et G sERops e Brd pirrartondsto A efihigt

| ayer 404, wmsiseaebembacijie elbamaés 496dd:m the poladly@f theQREctraded can teaewnad to alter
el ectrode 410. The, fII‘IS‘t el,ec

is for contact with a
substrate aREEFSHGHve pafhyay, the 8&% e"’[eﬁ'g'ys‘%ﬁg‘f &a@egg%d;ﬁﬁrf’?“?@ °di | i con,
and the first el Eigireadiflus@s bfe efbidlifeht hecordingoddth€ pesent invention of a memory cell

400 with an active layer formed by layering silver selenide and a chalcogenide glass. The

30  illustrated memory cell 400 includes a first electrode 402, a first body layer 404, a second body
layer 406, an insulator 408, and a second electrode 410.

The first electrode 402 is formed on and in contact with a substrate assembly. In one
embodiment, the substrate assembly is silicon, and the first electrode 402 is coupled to a conductor
such as a crosspoint so that the memory cell 400 can be programmed and read. The skilled artisan

35  will appreciate that the memory cell 400 can be formed on a variety of substrate materials and not
just semiconductors such as silicon. For example, the memory cell 400 can be formed on a plastic

substrate. The first electrode 402 can be made from a variety of materials and from combinations
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such as a crosspoint so that the nmenory cell 400 can be programmed and
read. The skilled artisan 35 will appreciate that the nenory cell 400 can
be formed on a variety of substrate materials and not just sen1conductors
such as silicon. For exanple, the menmory cell ‘400 can be f OPnBUBUsH20

plastic a&ﬁﬁ%ﬁaﬁ' F-Bﬁgxa S the ﬁrs?%%&%%g ﬂﬁ? %asnfb% é’l&fgg fro:ranf rm%s{en V o J:ee tnXmRe

mat eri al s rom co ons eria
exanpl e, th@VN) rPQIVSibttoecarld(ﬂwdlMOZ can be nade from tungsten (W tungsten

nitride
fabri cat ed t he ?llh%l'g%hle E& gﬂ&ry c%ﬂ%& Egz{” V\L}ﬁ%}gédf layebqgﬁx'ragtﬁee?eco"i%ﬁd* Ia?’ fh a
body of t he%6eiaem ¢ bedy of thﬁ)ﬁemﬁfheelf 400s tThb(b'lch] bodyylayer 40)=I4|S|femfed mmht fost ddapode

first elgctgmd fornmed on the
first bojceiy f%yg}dtﬁe 46 bﬁﬁsﬁrﬁm?ﬁgﬁ}g@%g@%ﬁ& bidy | é%p‘"ne first body |ayer

404 is a layer ol tb@ I“vératﬂﬁ@hénd-msntaﬂnd fm@d)sbmnm adipydr af elved Geniide and Itey er -
of a chalc

anot her enbo%g(lgHr?eqﬁdpia?ﬁ%? F%Qaﬁﬁo% | %eehl'% g%ses[?&}dﬁg&&gngrﬁ\(ég*e é;h%((ﬁ;é geé'é'n Be

gl ass and tmﬂxsm:muw firstpody Mm404518tﬁ¢da3lea9fe:halodgemdb ghss apé therseabod bddy | n

the illustrgi&do E%qb ul ator 408 surrounds the body formed by
the first %%d ﬂggﬁllv%@aﬁﬁiecond body | ayer 406. The insul ator 408

i nsul at ¥ t he bo'c!iyt Fibﬁﬁ%emlmddn@s the insulter 40fesmoroyndsahé¢ bodnfbratds by phedfusint s
the undesi rigg, diJef W64 Gy QE s@c%ht’l % g@%&rdo@' Tl'gqﬁsulaw;'%ﬂ %sgiate?%ﬁ%%} fbcag the

forrredfroma variety of materia ch as silicon ni
course, tHedieasfiptieomenoy @Hmﬂ!’eﬂlwopmm the nndesirgdl diffatiapef ative caterialncThede

mul tiple stihdddl' 08 vcas;]-%q%nﬁe at L ?EIE?&I‘F!&% 12hdh hsssdlEc%F'lm?tﬁde lahh)e &Y

body | ayer 406 and on I NSu e secon ¥10"can
fornmed frorfhaingdatpid08 cayf benfamendiimmyltiplectepniandgiah inglud¢ mgt;lpletsh'ucawreum (Ti),

s on (1. e i Bk o 5 0 B b
causes t he Fhersaeont electordeil0 carabe formedt frama ariety vfsmaqoaalhmi'sm B""ef (g)bGtyium
the menory g ]u (“?)Olf-uﬁ%s%ﬁrn‘?mﬁe t\lvh?'lakﬁ %gﬁeo%?, e‘?élg-% m?ipﬁi aﬁglée? ﬁeé‘,eg%globy

t he present |nve tiron o an a rve |
co- deposi t |fﬂ'§f %#CFQ@M@ednénhedvctmdcbl@mdvaM@agms the fgination off hlteratioh |ofi sbndattoe

menory cel | ag,g'gyg g%e%ﬁ§oﬁhé4n5 brSLifgdg 0de 502, an active layer 506, an

i nsul at or second tro e’ 5 10. The first electrode 502 is
f or med 4n a subsﬁlslm é itsgetrbbne. enilﬂoémsuba;:tmdh\g taﬂmqntshm ioeemtioni25f £ aremespatiid

to a variet t [ and r.ef er.abl t.he
rrot el ecrpodatORLAEE ler Bfine th\d Ry Biine T Sohiné 8" chIEPBEHART pksy ¥y
the menory '@EM‘E@@@mga’melbéﬂmmdgd@mm el:mltbde 562Gn adtive Idyier 506, &) @ailatodiHs Sha
can be nmadg g E&Jg I@cﬁ’o@lﬁ gy of materials and from conbinations of

mat eri al s. e active ayer 506 is forned on the first electrode 502. In

the illustrated Tnifustichstode §02ds faﬁneamhlavmbktmyeeass&ﬂﬂyl ghe soltrate pembiytcan

| ayer %—s%#& gnlqieex hal ¢ e%ﬂ?jﬁe@l ssceE eL mani u

sel eni de ( GeSe Xi }’ ﬁfn a?“ %‘f&fﬂ %@W Bf eéqﬁ%é%l irpt silecpds 502

surrounds fiseoupled tovaecdndyagar sﬁtﬁt&s a'Ethpomt so that the memory cell 500 can be programmed and
read. The first electrode 502 can be made from a variety of materials and from combinations of
materials.

The active layer 506 is formed on the first electrode 502. In the illustrated embodiment, the

30 active layer 506 is a co-deposited layer of silver selenide and a chalcogenide glass such as
germanium selenide (Ge,Seqi.).

In the illustrated embodiment, the insulator 508 surrounds the active layer 506. The
insulator 508 insulates the active layer 506 from other memory cells and also prevents the undesired
diffusion of active material. The insulator 508 can be formed from a variety of materials such as

35  silicon nitride (SisNy). ,

The second electrode 510 is formed on the active layer 506 and on the insulator 508. The

second electrode 510 can be formed from a variety of materials such as siiver (Ag). titanium (Ti),

9.




I nsul ator 508 insulates the active |ayer 506 fromother nenory cells and .
al so prevents the undesired diffusion of active mat eri al . The insul ator

508 can be formed froma variety of materials such as 35 siljcon nitride
(Si3N4). The second el ectrode 510 is formed on the active I%’y’é‘t‘g‘é‘b%o%d on

t he insul at T 91 n, be £ rigety
of materi altg'q ﬁwz; L}ﬁ ver ?A{g@? anﬁﬂ(ﬁﬁ ?‘Psﬁl ectric. ];eﬂﬁa Kgalue?t %w f%t
tungsten ( quctmdm@mm thii decand elecivdde, Slamdusbdmmlduduee paﬂmaadsacﬂuelaetl\pdawnﬁﬁl&to
appl i ed beffé\’ﬁ?n {ot&%rl{%&l;rtesgonseteﬁgg'odlgdgl denh e second el ectrode 510

causes conductive pa '%1 e 806 to formor to di srupt
in response to thgurayﬁplluskdteebmc&mhod:qmt mbtdaig tolﬂ'negpre&emﬁinwdtidsbf atngsnogneell

empodi RNt oGy OEhdl r}agtlv&qwtp f 5@ enlng POl ver %,) layerm en(fc?er#a?ss, anﬁ Qaga-vﬂ th

an active |ayer ¥ I'ng-a ¢
gl ass, and dilagreselenige. The uiastrmell mﬂncdge ceﬂ'ﬁ&) includestar ﬁa’sedemd@fi@& @eﬂrbt 0P layer

| ud d I
| oyer 604 4051 EheofiaRRnl B o 3 ns bl byl Pifios 608 dna B-2GRRIG AN,
610. The first eTIe:cﬁnsoelecuG@Q 6025 isf ormesidoro andaimceontactcwitit acsubsivateassensblyb s i anee
asserbly. ot uiine? BRARARRLscchBE i WRS lnaRSEaRNad G2 L5 1o ROShE,

first electro 'S coup I a conduct as a ross ol n
that thié meswol ys a:eb#spﬁﬁnso(tlm tlioenqmcmgceimmdzamhdpmgammeif aed fead. sTheeﬂiretﬁiwbd@e

602 can be &ﬁ%gnu ade frvar I EIEI% oI' un S a.gy ém? Egﬂ&h{iwgpﬁht?@%# l%“%]ﬁ (agh.}ngsten

material s suCh as tung St en ni
the like. Mhnmgﬂenmmﬂemmmnﬁﬂﬂn)sarfdaMEbat ed, the first body |ayer 603,

t he second body e a th 0 I f he
menory cell 600. @% EhF bbcegld 6tha earbng{j%i t?"edﬁ/'iwgl §P§03 th@eé‘?ﬁ%%iy &fye't
el ectr ode 663, andrthe third baiy lhymdg()ﬁ ﬁoymra bodylofi the hemaudeld)ﬁoﬁ, hﬁefﬁmtdmdjohdv 03 yer
' the 1 1 Tradtaghe RBEshrditeox g sreopd B Pod sToE 8f e dfbbpaf il 683"
silver (Ag)andltl’methmbmmydayerbﬁmys ﬂoaymonaﬁésecmdaaougaytw 604. a chal cogeni de gl ass
P S T RS ch SRS s o iy B (Rl
is 20 the Ilmylgrlayelf 6=t ib ué&yensﬁ]aeaﬁald&gentchglsemhds pad:ymhmwebmﬂé)(GmSe(ﬂ;xb,emﬂabeer
Crg) 1 eried Bodl B2 o L Ittt <ol Tt sprae o abigd 1 B,
formed 0y tthe Ia&émftsnlvdmelymﬁeayi&rse&ﬁﬂ botl{ tayercldrisl tHedaher bfptatcopéhide g‘lnd, :Inﬂehe
third body The.insul at or i nsul ates the body fromthe bodies
of ot her ‘lr%%lﬁe/oddg )1°§60a6ddmgﬁ]a§8r°3rs@‘(7éﬁg§'the undesi red diffusion 25 of
active nat er| al . In'ﬁhellluo&ﬁd&ﬂodﬁﬁbat,ammeaﬁﬂmmdﬂonm the \bady finyiedby the first
mat eri al s has Si, 3N4 O r th ul atqr. 6
Can be-f or O IVeR a0 Sreattshidveieer B e R BTyt D Do ol
second el edhsututs tﬁel&dyfroﬁﬂhémﬁi@mfbhﬁr inBhog cBChAd |al%¥9fev&ﬁ5thamddd§ﬁeddi&’usion
d.electrode 610, can, he formed om a vari

i nsul at,Qr 6(88. f)
mat eri &Ps < &Rty s'“?t r’f’ast f, instptor ,ﬁﬁ forped frem poYackp, mﬁf}'ﬂﬁlﬁ %’d :
the first aligidé (Sighy).6CF @ade,dhe uﬁseramttoelce%e q6lehed 3P nARE Stepgnd L EILdeON
or alterati on. Olf conductive pathways in the body of the nenory cell 600.

€ structures.

The second electrode 610 is formed on the third body layer 606 and on the insulator 608.
The second electrode 610 can be formed from a variety of materials such as tungsten (W). An

30  electric potential applied between the first electrode 602 and the second electrode 610 causes the
formation or alteration of conductive pathways in the body of the memory cell 600.

Various embodiments of the invention have been described above. Although this invention
has been described with reference to these specific embodiments, the descriptions are intended to be
illustrative of the invention and are not intended to be limiting. Various modifications and applications

35  may occur to those skilled in the art without departing from the true spirit and scope of the inveation as

defined in the appended claims.
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Various enbodi nents of the invention have been described above. Although
this invention has been described with reference to these specific
enbodi'nments, the descriptions are intended to be illustrative of the
invention and are not intended to be liniting. Various nodi%i2ugisb#dd6and
applicati ongcpapyay occur to those skilled in the art w thout departing
fromthe true spirit and scope of the invention as defined in the appended
clains. -10 23 Ablgust Ax@@wory FelGlomiphising:. A menory cel |l conprising: a first

el ectrode deposited °'3fﬁst§'§§§§5E{P@S@?%ﬁﬁsﬁ,s&ﬁgg@' el ectrode, where the

first electrode and the se C e provi *access to the nenory
cell; a first |ayer of sgconf|elestrodehathersgtbe fide eftickpissand thetswoad elebeodei protide

el ectrode and thg. .88, ode, where the first layer forns a first
portion of a mmﬁcﬁcgﬁ@q}?ggy&g’nd a second | ayer of a chal cogeni de gl ass

that fornms a second perfirstdayenéf a sitvenchuirogenidealidpoted dbgtwenh the dirsthedecsadeoand the
| ayer is also di i ect rode. segond
%ﬁi@%ﬂ?&é’%&c H&%ﬁté@? %ﬁllris ) lét pgﬁm% %Fa %&Qﬁeg cﬁg?%&ag/ndt o

el ectrode, where 't caogeni m condu

form between the firgtecohdlayerade chalchgetide glessdhad farms atsecsid pomion of the meeoho
an el ectric potepl i fi: t e e.seecand
el ectrode. 2. The rre%rggf %E’ng'ﬁgzﬁggw?%eﬁ%ﬁ d&pglge%et}e?&e\ﬁhggeeﬁﬁsptg%@ﬁer%g%e
| ayer of the sil ¢espnd gheftodegukrre hei chaicoganisld ghiss @etniits 20pondhaiveipathway to form
el ectrode. 3. Thg.(¥EPfh lelec@cie AR | | ein t e .
| ayer of the chalco en?éﬁﬁgregssei S f%%%@md%%&g%iﬂrg%ﬁee{ofﬂ%%@ é@%}ﬂ%e.
4. The menory cefrlisdbetweanthefirstplecirederand thewtrondélectiode si | ver chal cogeni de
conprises silves sel gpl de e BBIRY 1 as y | i .
wherein the silver cha coggﬁﬁdg’ conpril seBS{n %Z%'+’vgrw%ﬁ%’¢ irlﬁcfgﬂ%.lgfﬁé’prtr%vn%lrvﬁr
cel | as def ¢halegaqnidedy formedidirepitycanehmfinstdecgiodever  chal cogeni de conpri ses
silver tellurides 7. fhe %eif G| acied!Hl 'CIM 1wkl ink sliGF Bl L Sne
silver chal cogenide conprises silver oxide. &. e nenory cell as derined
in C ai m 1, chaffegaaids glaseis frmed digestly dethgifist slegmdpr i ses  ger mani um sel eni de

(GeSe(i )). 9. The ”emﬁ{erﬁ&{( el ﬂﬁf’nédniﬁg:ldugJ%@né&y&&%ﬁﬁigﬁggﬁﬁﬁwgy%

chal cogeni de gl ass conprises” arsenic seleni
cell as defsilyerbelenidgl ai m 1, wherein the chal cogeni de gl ass conpri ses

germani um sul fide (Ge ry .cell .as defin in.Claiml
wherein the _[Chal &_%gen?%‘{l%%% géi,lgss d;ggﬁeedéﬁ Qfm}( I,w erein the sﬁver cﬁacljlcogemgcl-: comprisés
stiver sutiae.

6. The memory cell as defined in Claim 1, wherein the silver chalcogenide comprises
silver telluride.

1. The memory cell as defined in Claim 1, wherein the silver chalcogenide comprises

silver oxide.

8. The memory cell as defined in Claim 1, wherein the chalcogenide glass comprises
germanium selenide (Ge Seq.y).

9. The memory cell as defined in Claim 1, wherein the chalcogenide glass comprises
arsenic selenide (As:Sey).

10. The memory cell as defined in Claim 1, wherein the chalcogenide glass comprises
germanium sulfide (GerS(.).

1. The memory cell as defined in Claim 1, wherein the chalcogenide glass is selected
from the group of chalcogenide glasses that comprise selenium, can be doped with silver, and can
remain an amorphous material after the doping with silver.

12. The memory cell as defined in Claim 1, further comprising a third layer of a silver
(Ag) that forms a third portion of the memory cell body, where the third layer is also disposed

between the first electrode and the second electrode, where the first layer, the second layer, and the
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fromthe group of chal cogeni de gl asses that conprise selenium can be doped
with silver, and can remain an anorphous material after the doping with
silver. 12. The nmenory cell as defined in Caim1l, further ris

third layer of a silver (Ag) that forng a third portion of % 5?@8?/ cel |

body, where .the third | ayer so dj d bet the fir trode
ond”t he. SUEg e PR g <ol f R Ropd BRE T SpurEiERalilS dlsblat pBhegL o0
-11 12 23thadg StyediQite s1lwr|cha:lcd@méeamirtbeﬁrrdhlygeﬂsﬁmmg)hat t he second | ayer

of chal cogeni d ass i s di.sposed bet he.first |ay of the Iver
chal cogeni de aﬁ%‘%ﬁéﬂe{l?ﬂw HEIf%y%ﬁn s ver’ Ehﬁre}n at jegst opgof the e érs* elec“?‘:‘]

defi ned im&akmﬁelﬁeﬂe&mpﬁbeslmmm of the first el ectrode and the
second el ectrogg lgon%ri se tun%st,en (W. 14. A menory cell conprising;, a
first el ectrode! ‘ATSEESHG" &P 8EPFEe, where the first electrode and the
second el ectrodeirqmblemmle; access to the nenory cell; and a nenory cell body
di sposed between t rst el ec and.th econ ctrode e the
menory cel | boaﬁec(??jﬁf)’ ué?gg’ W}efeat %18 g?lectrﬁfl ?“ﬁfﬁ( Chly Ic\?/)eé:rgo‘;e rOVlde Cg\%'gg?

ger mani umhesedneny ekdl; ifdeXSe(, X)), wherein said | ayer has subst antially no

The menory. el F BaRerh iy Aeased e GR B dreRo R SR ol s o
0.2 to alw(hette the didmorlGeell Body nanisys € &ybr (ﬁ'sintdﬂﬁikﬂbdlvbmse[élnaiermdtﬁﬁmMIﬂnEI n the
et  nodt 1 RICH (R FARTETh PRl RE AT ALy 26, et Clp Ry iy B
Ge25Se75. wh&sp?ﬂamtn‘mmyumeébathwaydefl ned in Caim14, wherein the rrem)ry
celent o (oot s il g R e & BB\ o
t he menor ybaned 43. body is from about 1.43:1 to about 2:1 silver sel enide to
AR (e Nt R T Tty SR O R R N by
silver selpiniGdas¢én germani um sel eni de (GeXSe(l _x)). 21. A process of
conpr o1 ngs. T ol i NG METISEY Gk PR PLOIET o SR Abe PP 4 CORBUEoRer egi on
in the sug}?i‘s(ﬁ;sSeﬁassenbl y; form ng an active Iayer on the bottom

el oni um | nel udfing T ARtk L & UL C BT dJe i en i RERPS BTl [y i n
EE:rﬁglsenﬁemmbowtrl:1Ltb'rabcaﬂﬁﬂlsﬁtrer(sélmldqlbgbmdﬁpmgleﬁfﬂe(ﬁﬁml,d).n t he absence of a

dopi ng 19. The memory cell as defined in Claim 14, wherein the memory cell body is from

about 1.43:1 to about 2:1 silver selenide to germanium selenide (Ge,Se(1.).

20. The memory cell as defined in Claim 14, wherein the memory cell body is from
about 1.72:1 to about 1.75:1 silver selenide to germanium selenide (Ge,Seq.y)-

21. A process of fabricating 2 memory structure in a substrate assembly, the process
comprising:

forming a bottom electrode in contact with a conductive region in the substrate
assembly;

forming an active layer on the bottom electrode, where the active layer includes a silver
chalcogenide and a selenium-including glass, where the active layer is formed substantially in
the absence of an ultraviolet (UV) photodoping step and in the absence of a thermal doping
step; and

forming a top electrode layer such that a voltage applied across the top electrode layer
and the bottom electrode layer generates an electric field in the active layer.

22. The process as defined in Claim 21, wherein the selenium-including glass is
germanium selenide (Ge,Se;;.x)) wherein x is selected from a range of about 0.2 to about 0.43.

23. The process as defined in Claim 21, wherein the silver chalcogenide comprises

silver selenide.



step; 'and formng a top el ectrode | ayer such that a voltage applied across
the top electrode |layer and the bottom el ectrode | ayer generates an
electric field in the active layer. 22. The process as defined in %a' m 21,
wherein the seleniumincluding glass is germani um sel eni de23(‘%é5@§5% 06x) )

wherein xis sel epged far iaair\aﬂ&ede%si@&aoﬂ*vm-&?&egs 0 RMlicding! An acB 1a¥iCin a

process as defined.i aim 21, wherein the silver chal cogeni de conpri ses
silver sel effH8Y S t&'{ﬁﬁ?ﬁ“?ﬂ'@ﬂs'%. A physical vapor deposition (PVD)

process of fabricati nfhraigatoitdif ele@WRIE id contict WRIPEMIGAIVE regidAGn RsQRRSRuctor

conpri si ng: forn‘hng a bottomel ectrode in contact with a conductive region
in a sem conduct 8% ™%Y8: nateri al ; depositing both a silver chal cogeni de

and a chal cogeni de gl agssifitg B0lfa SREECHaicHEnRIB and N EhARDEAHIP (3458 6f th e @hlon

formng a top el gctrode |ayer, ere a voltage applied to the top el ectrode
| ayer and the b&ﬁ’ﬁ?ﬂ"&f'&‘é‘%ﬁ%&% | ayer generates the electric field in the

active layer. 25. Thefopmingeisp edatrod lhyie,Gvhiert dlloRhgP a ﬂiied\t@méﬁigikléchﬁde layer and
chal cogeni de gl ass further

depositing both the silver . chal cogenide and. t |

conpri ses: evapob‘ﬁﬁ?‘fﬁﬁ" elpqtrods Q%‘i—fflg t'afse?%%r&@%lw CHE [R5 geni de;
evaporating ger nefli UNThe peoéssleas (deBi&E i Chalih 26 Wilkrei® iRd Q8@8Iting Dol @=Ssilver
I nt roduci ng t!}e vapor edhaj' I Ve#ﬁéfsl nide and the vaporized germani um

sel eni de (CBIERM .e>?5'§ §raqpeen! F OFrthercoRPHE osi t i on chanber; and

deposi ting the vapori aagorating\sHver Selbfidy £ eheasiifer chficogamay; i zed ger mani um

sel enide (GeXSe(l., at the sang tipe onéo the bottom el ectrode to form

the active |ayer. 26.2‘?3%&‘55‘5@8%'&@'%“&@1"% S5rn) e G phadopgenidslassn x is in a

range from about 0.2 m@oduweigihe PapbBzedZsiiverT$eRnide QR AR ApoiRfli gaRfhninin Ghigiide

24, wherein the tjve layer i.s deposited such that a ratio of silver
sel eni de as the gfer‘é(%f’)'L?ﬁ%ﬂ‘BtSB‘é’Iﬂqﬁéeﬂoé'“ﬁ'éFmt?%ﬁ‘f"seI eni de (Ge, Seti,x)) as

the chal cogeni de gl adgpoditingt the vagdrizv® silvay QEledife bkl the APAEeRTzeARANIM teldnidd
about 5:1 by vol 28. A dengMlon rocess of fabricating at |least a
portion of an in@&’ﬁf’}:ﬁﬂlﬁsﬂ‘ F“E‘?°E‘tﬂél‘°%ﬁm&1§€‘_“?&’6ﬂ)‘f"f%_F'WQF"‘fed?W-ng a bottom
el ectrode in comect The gro@ss e dbfiabd HECERE RO Whelein xS Th GARSHLCHRR abRRVR to
material; f é@éﬂ‘% a layer .of a chal cogenide glass; formng a | ayer of a

d

silver chal e, where the layer of the chal cogenide glass and the

layer of the silyer clialpagansdemad @ GRinRSEWheleth GAGRIVEINEY is AbshaY dMbipfhat
active layer formati on of a conductive

: °B‘§i 'Ii S Cﬂeﬁégl e tlc1)f isuppc])rél ng ”tl;e n C
pat hway in 3 FEOPFN¥Hc¥!BIde 47 the pilket chalcagpaifyto germanium selenide (GesSeqw) as the
chalcogenide glass in the active layer is in a range of about 1:1 to about 5:1 by volume.
28. A deposition process of fabricating at least a portion of an integrated circuit, the
process comprising:
forming a bottom electrode in contact with a conductive region in a semiconductor
base material;
forming a layer of a chalcdgenidc glass;
forming a layer of a silver chalcogenide, where the layer of the chalcogenide glass
and the layer of the silver chalcogenide are adjacent to each other and form an active layer
that is capable of supporting the formation of a conductive pathway in the presence of an
electric field; and
forming a top electrode layer such that the layer of the chalcogenide glass and the
layer of the silver chalcogenide are disposed between the top electrode layer and the bottom

electrode layer, where an electric potential applied between the top electrode layer and the
bottom electrode layer generates the electric field in the active layer.

29, The process as defined in Claim 28, whercin the fayer of chalcogenide glass is
germanium selenide (GesSeq1), and where the process forms the layer of chalcogenide glass to a
thickness within a range of about 200 Angstroms (A) to about 1000 A.
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formng a top el ectrode |ayer such that the |layer of the chal cogeni de gl ass
and the layer of the silver chalcogenide are di sposed between the top

el ectrode | ayer and the bottom electrode |ayer, where an electric .
potential applied between the top electrode Iayer and the Wofusit&l¥trode
| ayer generates 3ghe efiRChrotess Ad Bdffed T Chifin B! WhErelni6 lchalddkenidd @laby 8GR Red S
defined in Caim28, wherein the |ayer of chal cogenide glass is gernmanium
sel eni de (@T@fé’(‘!‘?i")‘?"'@ﬁ{@e{%éﬂﬂe the process forns the |ayer of chal cogenide
glass to a thicknesstiy prbéess & BeHASE iR iRk A8l whErdin e Thal i0ALlabO catgisks
1000 A. -13 23, August 2006 30. The process as defined in aim 28, wherein
the chal cogé¥ri§eelgrideerse¥mpri ses ger mani um sel eni de (GeSeti4t). 31. The
process as definad intHd 25 debined @l @mrhezs,cmw?.gﬁ@lcﬂﬂc%ma& g Bérhgt s
arseni c sel enide (As2Se3). 32. The process as defined in aim 28, wherein
the chal cogeripemselide Coipri-ses  ger mani um sul fide (Ge.S(,u)). 33. The
process as defingd i nTid fotS deffied R ClaiM @85 WhiBih thd) SilveP ORI dEEniEO BB prises
silver selenide. 34. The process as defined in Claim28, wherein the silver
chal cogeni d8V¥8fiRifGes silver sulfide. 35. The process as defined in Caim
28, wherein the s | VerheChatesOSCHffed GO 285 whérkinRE silvt Ichmcgaﬁdéeemﬁnes
process as defined in Claim28, wherein the silver chal cogeni de conprises

si | ver oxi dilverswfidene process as defined in Caim28, wherein the process
forms the |ayer 3f thphe fo@kCRAORMINEE iOCRER 28NWhérbia theYibVer @hal&dgbM@E comprises
chal cogeni de by evaporative deposition. 38. The process as defined in Caim
28, wher ei rF'lt’?Tée'b‘F'S%ess forms the layer of the chal cogenide glass and the

| ayer of silver gghal chgeprosss Rydetined WeCiaitdl 28E RASER| R silvdP chalcdgEMe 86mises
form ng an active layer in a substrate assenbly, where the active layer is
capabl e ofsﬁﬂﬁﬁﬁF?ing the formati on of conductive pathways in the presence

of an electric 0t enfliedpro@Pdsl &AindLineCRR 29 0RRereih MR RHQSE FtmS AHEPfay e IFThe
providing a first anmount of gernmani um sel enide (GeSe(l.s)).and a second

anount of <SpirQaspide algys and dhsdayer ofslver shaleogeride by gyaparatiye dgReisiighi um sel eni de
(Ce. Seti.,)) andsgthe ﬁﬁgﬂﬂdss ARG A CRInt $8" whed ithePirBots# Fdpels ahel ilayé.-cbf the
e

anount of silver selenide; and depositing the third anount of silVver
sel eni de. #halcagenidp glgssand thedaygeafisilies chalcogenidebyzsputiering denositiohe first anount

of germani um sejoeni dg pldekss SElokmihg aRGive RSerSRE Q SRKrABRUEHbIOS withd thE hetfveTayer
deposited forma layer that is in a range )
is capable of supporting the formation of conductive pathways in the presence of an electric

potential applied to electrodes, the process comprising:
providing a first amount of germanium selenide (Ge:Seq.g) and a second amount of
silver (Ag);
depositing the first amount of germanium selenide (Ge.Seq.) and the second
amount of silver (Ag);
providing a third amount of silver selenide; and
depositing the third amount of silver selenide.
40, The process as defined in Claim 39, wherein the first amount of germanium
selenide (Ge:Seq.y) and the second amount of silver (Ag) deposited form a layer that is in a range
of about 250 Angstroms (A) to about 1000 A thick.

41. The process as defined in Claim 39, wherein the third amount of silver selenide is
in a range of about 300 Angstroms (A) to 1000 A thick.
42, The process as defined in Claim 39, wherein the first amount of the germanium

selenide (GesSeq.x)) and the second amount of silver (Ag) are deposited separately, and where the
first amount of germanium selenide (GeSeqi.xy) is deposited such that the deposited germanium
selenide (Ge:Seq.n) lies between the deposited silver (Ag) and the déposited silver selenide.
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of about 250 Angstronms (A) to about 1000 A thick. 41. The process as
defined in daim39, wherein the third amount of silver selenide is in a
range of about 300 Angstrons (A) to 1000 A thick. 42. The process as
defined in Claim39, wherein the first Bhount of the ger man2adugys2886de
(GexSep, 1) and the second anobunt of silver (Ag) are deposited separately,
and where the first anmount of germanium sel enide (CGeeSegi.)) is deposited
such t hat 48hé mepesof fadnige ramaniiwniays aéh aniublgra(eGa&edbly, ,wherd the aicihet Mgenis t he
deposi ted si . (AQ). and 4 he deposited silver selenide. -14 15 2 ugust
2006 a3, MBSt sLABLpR I ROTROTRIRHu el hERSis i Rt el
wher e t he tlegtrocess doapsising:'s capabl e of supporting the formation of
conductive pat misriulvgrhsg]eg.ﬁes%nce of an electric.field, the process
conpri si ng: pr &V dlHy ST SIS 00 OHET SREre 8 S0EREY sour ce of silver (Ag):

provi di ng ger mprividingsgeireaniide sdléide36€.Sex)) andand form ng the active layer by

conbining the silver.selenide and the r mani um sel eni de GeXSe(.1 x)). 44.
The process as%‘abg??%ﬂel% agtye &yﬁf%%?blwlgﬁl&s Veism?lﬁ? angﬁge $°;§‘§?@‘B“‘st£1§f8§%t 0.2
to about (Ge.88,,)45. The process as defined in Caima43, wherein the process

f th ti b i, Nj Pl .sel eni d d [
ol oni do ( Goxour TRTbeetd sy oFSTRAT GRSyl B st e 1 e BRUET 51 1

silver selddide to germani um sel enide (GeXSe(l.4) by volune. 46. A nenory
devi ce, conpriging:. a nmenory.bad etween a first and a second el ectrode,
sai d nenory boal;j/'nﬂlg P fssaisr%ﬁ%?(a;ﬁ{ E?aéff'i yWhsFeip gﬁ‘?é’rr%";essafoﬁsrtgf aqﬁ’ﬁiaryerol?y sai d
pl ural i tycofbihiay éhessilpeisaignide indethe g@hemuiarlefids B0 ) &y efatiofwithi grappeur al ity
L ver s hoob ol DR B SRS e to goRndnilet Sien T8,y SoRimd! &1 11V ©f

46. A memory device, comprising:

a memory body between a first and a second electrode, said memory body
comprising a plurality of layers;

a first layer of said plurality of layers being silver selenide;

a second layer of said plurality of layers being germanium selenide;

a third layer of said plurality of layers being silver.




