LAYERED RESI STANCE VARI ABLE MEMORY DEVI CE AND METHOD
OF FABRI CATI ON [ 0001] This application is a
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[0003] Recently resistance variable memory elements, which include

Programmable Conductive Random Access Memory (PCRAM) elerﬁents, have been
investigated for suitability as semi-volatile and non-volatile random access memory
devices. A typical PCRAM device is disclosed in U.S. Patent No. 6,348,365 to
Moore and Gilton. In typical PCRAM devices, conductive material, such as silver, is
incorporated into a chalcogenide material. The resistance of the chalcogenide
material can be programmed to stable higher resistance and lower resistance states.
The unprogrammed PCRAM device is normally in a high resistance state. A write
operation programs the PCRAM device to a lower resistance state by applying a

voltage potential across the chalcogenide material.

[0004] The programmed lower resistance state can remain-intact for an
indefinite period, typically ranging from hours to weeks, after the voltage potentials
are removed. The PCRAM device can be returned to its higher resistance state by
applying a reverse voltage potential of about the same order of magnitude as used to
write the element to the lower resistance state. Again, the higher resistance state is

maintained in a semi-volatile manner once the voltage potential is removed. In this



appl ying a reverse voltage potential of about the sane
order of magnitude as used to wite the elenent to the
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[0008] The invention provides a resistance variable memory element and a

method of forming a resistance variable memory element.

[0009] In one embodiment, the invention provides a memory element
having at least one layer of silver-selenide between a first chalcogenide glass layer and
a conductive adhesive layer. The conductive adhesive layer may also be a
chalcogenide glass layer. The stack of layers comprising a first chalcogenide glass
layer, a silver-selenide layer, and a second chalcogenide glass layer are formed
between two conductive layers or electrodes. In another embodiment of the
invention, the stack of layers may contain more than one silver-selenide léyer
between the chalcogenide glass layer and the conductive adhesion layer. In another
embodiment, the memory element may contain layers of chalcogenide glass, layers
of silver, and layers of silver-selenide, in various orders, between the electrodes. The
invention provides structures for PCRAM devices with improved memory

characteristics.
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illustrates a cross-sectional view of a nenory el enent
to jthat shown in FIG. 4. '

[0014] FIG. 10 illustrates a cross-sectional view of a memory element in
accordance with an embodiment of the invention at a stage of processing subsequent

to that shown in FIG. 4.

[0015] FIG. 11 illustrates a cross-sectional view of a memory element in

accordance with an embodiment of the invention.

[0016] FIG. 12 illustrates a cross-sectional view of a memory element in

accordance with another embodiment of the invention.

[0017] FIG. 13 illustrates a cross-sectional view of a memory element in

accordance with another embodiment of the invention.

[0018] FIG. 14 illustrates a cross-sectional view of a memory element in

accordance with another embodiment of the invention.

[0019] FIG. 15 illustrates a computer system having a memory element in

accordance with the invention.



accordance wi th another enbodi nent of the invention.

[0017] FIG 13 illustrates a cross-sectional view of a
WOorResy158% enent i n accordance w th anot her enbpdi/IBIS/009957

of the invention. [0018] FIG 14 illustrates a

cross-sectional view of a nenory el'enment in accordance

W t h anot her enbodi nent of the invention. [0019] FIG

15 illustrates a conmputer system having a nenory

el ement in accordance with the invention. DETAI LED
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scdift! SANE DG e F‘rl ption may |ncI ude any supporting
tructure 1 ncluding, but not limted to, a

sem conduct or substrate that has an exposed substrate
siotkdde. A ThekoonudisanteSuissd imthe Khlowiolg kiesaiption may
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serﬁg@@dg@qﬁré@m agd othirmaaisaRluctStRGHYES oY BicRgEEprence is
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semiconductor or foundation. The substrate need not be semiconductor-based, but

may be any support structure suitable for supporting an integrated circuit.

[0022] The term “silver” is intended to include not only elemental silver,
but silver with other trace metals or in various alloyed combinations with other
metals as known in the semiconductor industry, as long as such silver alloy is
conductive, and as long as the physical and electrical properties of the silver remain

unchanged.

[0023] The term “silver-selenide” is intended to include various species of
silver-selenide, including some species which have a slight excess or deficit of silver.
For example, silver-selenide species may be represented by the general formula Ag,
./«5¢. Though not being limited by a particular stoichiometric ratio between Ag
and Se, devices of the present invention typically comprise an Ag, , /_xSc species where

x ranges from about 1 to about 0.



[0022] The term"silver" is intended to include not

only elenental silver, but silver with other trace
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metal s as known in the sem conductor industry, as |ong
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voltage.

[0027] 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).

[0028] The invention will now be explained with reference to the figures,
which illustrate exemplary embodiments and where like reference numbers indicate
like features. FIG. 1 depicts a portion of an optional insulating layer 12 formed over
a semiconductor substrate 10, for example, a silicon substrate. It should be
understood that the memory elements of the invention can be formed over a variety
of substrate materials and not just semiconductor substrates such as silicon, as shown

above. For example, the optional insulating layer 12 may be formed on a ceramic or



i nclude any nenory el enment, including Programmble

Conduct or Random Access Menory el enents, which exhibit
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[0027] The term "chal cogeni de gl ass” is intended to

i ncl ude gl asses that conprise an elenment from group
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many others. [0029] A first electrode 14 is forned

over the insulating layer 12, as also illustrated in
'HI0830]. TheRefersng sbwoorkide 2,4nmpeningrb? exstending to the first

cquueive i eral o e ey LGSR BCkel
o5 Ay RS PR OBt
ctdHISE baddebd A &EyfichikopByide @ms lager 1N satgodiedlovdrahestcond

insulating layer 15, to fill in the opening 13, as shown in FIG. 3.

[0031] According to an embodiment of the invention, the first
chalcogenide glass layer 17 can be germanium-selenide glass having a Ge,Se;q0.,
stoichiometry. The preferred stoichiometric range is between about Ge,,Seg, to
about Ge,;Se,, and is more preferably about Ge,,Seq,. The first chalcogenide glass
layer 17 preferably has a thickness from about 100 A to about 1000 A and is more
preferably about 150 A.

[0032] The formation of the first chalcogenide glass layer 17, having a
stoichiometric composition in accordance with the invention, may be accomplished
by any suitable method. For instance, germanium-selenide glass can be formed by
evaporation, co-sputtering germanium and selenium in the approprieite ratios,

sputtering using a germanijum-selenide target having the desired stoichiometry, or



materials as those descri bed above with reference to
the insulating layer 12. [0030] Referring nowto FIG
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or

chemical vapor deposition, co-evaporation or depositing a layer of selenium above a

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

[0035] Preferably, the thickness of the metal containing layers 17, 18 can
be such that a ratio of the metal containing layer 18 to the first chalcogenide glass
layer 17 thicknesses is between about 5:1 and about 1:1. In other words, the
thickness of the metal containing layer 18 is between about 1 to about 5 times
greater than the thickness of the first chalcogenide glass layer 17. Even more

preferably, the ratio is between about 3.1:1 and about 2:1.

[0036] Referring now to FIG. 5, a second glass layer 20 can be formed
over the first metal containing layer 18. Where the metal containing layer is silver-
selenide, the second glass layer 20 allows deposition of silver above the silver-

selenide layer, while preventing agglomeration of silver on the surface of the silver-



thermal diffusion becones unnecessary. However, doping

t he chal cogeni de glass layer 17 with a netal (e.g.
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containing |layer 18 nmay be any suitable netal
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For use as _a diffusion control |ayer, any suitable
cogtagiisgdaygr 18 thickness is greater than the thickness of the second glass layer

20. Preferably, a ratio of the metal containing layer 18 thickness to the second glass
layer 20 thickness is between about 5:1 and about 1:1. More preferably, the ratio of
the metal containing layer 18 thickness to the thickness of the second glass layer 20
is between about 3.3:1 and about 2:1. The second glass layer 20 preferably has a
thickness between about 100 A to about 1000 A and is more preferably about 150
A. The second glass layer 20 may be formed by any suitable method. For example,
chemical vapor deposition, evaporation, co-sputtering, or sputtering using a target

having the desired stoichiometry, may be used.

[0039] Referring now to FIG. 6, a second conductive electrode 22 is
formed over the second glass layer 20. The second conductive electrode 22 may
comprise any electrically conductive material, for example, tungsten, tantalum,

titanium, conductive nitrides, or other materials. Thus, advantageously, the second



be used, including but not limted to chal cogeni de
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outabidbecnficadllp eonpleahe cexidrandei vagiablayeemd s ¢lbimeknes sardaus circuits
the thickness of die second glass layer 20 is between

of gypemogy 8ray.and about 2:1. The second gl ass layer 20
preferably has a thickness between about 100 A to

1000 N frer
SO0k o1 s b AR st G B R RS PRLOEReN oA gl one or
mBEd Bp&ks oF @ En&éladﬂi’lkﬁmlfglﬁﬁlc@ﬁl sMEP Y sﬁ@faﬁﬁéﬁlﬂ@ nmay be deposited
evaporat|0n co-sputtering, or Sputterlng USIng

ovieatlyefirsh elvilrogenide glessilayat 151 of phirehtytofymetabhgorteinimgbiyers may
[ 0039] R fer[iQ%KQOMItO FIG 6, a,second ggg uctive

beeyssel r o ipd g QrHanal teoRd sy sgleax’s lpvgye” gy be
dcy& it f 61 'E% AP ﬁnﬂeﬁa’% rcl u%g?c[){rﬁ%g )?(cg %‘{ %f'o%e%ﬂ}/g step,

r ca y Ccon C | ve eri a
whidR 38480 in HadtAldéte shown in FIG. 4.

[0042] The thickness of the metal containing layers 18, 19 is such that the
total thickness of these combined layers, e.g. silver-selenide layers, is greater than or
equal to the thickness of the first chalcogenide glass layer 17. The total thickness of
the combined metal containing layers 18, 19 is also greater than the thickness of a
second glass layer 20. It is preferred that the total thickness of the combined metal
containing layers 18, 19 is between about 1 to about 5 times greater than the
thickness of the first chalcogenide glass layer 17 and accordingly between about 1 to
about 5 times greater than the thickness of the second glass layer 20. It is even more
preferred that the total thickness of the combined metal containing layers 18, 19 is
between about 2 to about 3.3 times greater than the thicknesses of the first

chalcogenide glass layer 17 and the second glass layer 20.



titanium conductive nitrides, or other materials.

Thus, advant ageously, the secondgl ass | ayer 20 may be
web@samssd consi derably sl ow or prevent m gratPONUSI005/009957

el ectrically conductive netals, such as silver,

t hrough the resistance variable nenory el enent 100.

[0040] Referring nowto FIG 7, one or nore additiona

insulating |ayers 30 may be forned over the second

el ectrode 22 and the second insulating layer 15 to
|EQ)(P4eﬁ]e t he In @sqosdanree Wilrangbher srabednest @ﬁélitﬁ inyggtion, the first

om ot,he uctures fabricat e he s I
1lsOBRHE Bt vt 17 B Bt A SR TEERe b B hiRbEepde glass
mQﬂéhalt Quﬁl Jrhﬁ!ﬁldrﬁ sElRHRIce TRl %‘la@mé?cﬁ/% @R 50 comprise
menofy el enént to various circuits Of a henory array.

a plaedity of hyasodrddass enatetidl. anytsuémblendodbereoftlaydrs thag be used to

i nvention, one or more layers of a metal con ni ng
comrPith ﬁr%&ép#cagerm Gl Lok a%d/%ghe@scwé%gm@r 20.
over t.he firs r
el Byo e IndaRoBg R R BT b BFhg Ml onaipive

la;felﬂ@\)\"l 8LIY ﬁi&ald %c tﬁf&k&p&hﬁmﬁé tS@rafcknhd é(iedheiiﬂlhﬁﬁtyd@f
l'ayer 19 may be deposited on the first silver-selenide

chhlrpgenidls ghash byqudit atdaddigopallyctissbrag tsitlepsss whilehmetal
results in the st&gctur

corlﬁaiew&el%r@ 1849 seuld %oallh%{i% %n 5%?@?3 %P Oéﬁé]qf ggg one or
mﬁlueclaﬁrlsj aF tﬁehgccgﬁ?a grasgs felﬁr&kﬁ S %fc%raggre Sxeatl%o %gta% ankness of

enr de I'S grea

the En&glt@ntilﬁldg;lﬁyérbd )yalgna9sothe ttBﬁd fhikledese Bﬁﬂﬁ%ﬂﬁﬁh@}ﬁof layers of
gl ass | ayer Theé total thickness of the conbined

chakebgtnidoglas ¥ ngbé¢taneen abo8t Sd%andsalahgd :jr édﬁoe prctfhlaubly a ratio

of sPe el B At of He: FSEACOPPRERAISETGN 1Enko el Ftal thickness of
thgg%lﬁjf'ﬂjt%o il er1]§ 89&16%961‘?%%&88 er ﬂeote%&rh ?r;bQﬁtS #aﬁ& about

S greater I ckness
1:thal cogeni de gl ass | ayer 17 and accordi ngly between
about 1 to about 5 times greater than the thickness of
the second glass layer 20. It is even nore
[0044] eferring now to FIG. 7, in accordance with another embodiment
of the invention, one or more of the chalcogenide glass layers 17, 20 may also be

doped with a dopant, such as a metal, preferably silver.

[0045] In accordance with another embodiment of the invention as
illustrated in FIG. 9, which shows a stage of processing subsequent to that shown in
FIG. 4, the stack of layers formed between the first and second electrodes may
include alternating layers of chalcogenide glass 17, 117,217, 317 and metal
containing layers 18, 118, 218. A desirable metal containing layer is silver-selenide.
As shown in FIG. 9, a first chalcogenide glass layer 17 is positioned over a first
electrode 14, a first silver-selenide layer 18 is positioned over the first chalcogenide
glass layer 17, a second chalcogenide glass layer 117 is positioned over the first
silver-selenide layer 18, a second silver-selenide layer 118 is positioned over the

second chalcogenide glass layer 117, a third chalcogenide glass layer 217 is
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preferred that the total thickness of the conbined

nmetal containing layers 18, 19 is between about 2 to
WwW@bwatio338 ti nes greater than the thicknesses BET/UR®05/009957

first chal cogeni de glass |layer 17 and the second gl ass

| ayer 20.[0043] In accordance, w th another enbodi nment

of the invention, the first chal cogeni de gl ass | ayer

17 may conprise a plurality of Iayers of a

chal cogeni de gl ass materjal, suc

pagisionseiayer ged sapad sil vmée@é@@dweglldsi altbgvé silyay- SﬁJ&Wdei:I layer 218

f
is By RneE i Rb shist HePorais ity AT 3l BB plsgeenide
gldsd g%f ew Q@éﬁ&%ﬁlb@& At A8d Llﬁae@fselézldengie@rzmherhe second
sec [ayer 20. However it is to be understood

cohﬂﬁtmtel’\decttﬁdidﬁ 22 hiue badssnaf otdrehenftwaith clatagamidgglass layer 317.
| ayer(s) 18,19 should be thicker than the total
thi ckness of the ﬁlurallty of chal gogeni de gl ass

|£1%6f 17 a_%raa%a RRGs I Ghis same 6 lfﬁF’é‘k g megporyjglement
1@&0%1}8%&? ! IL) ?a{l Qghtairﬁ.[xﬁ }a%/cf'm A s d %}' 1gke rthreF:

ness nore

chaR8 8860 Rthsg lRes 17a>1qr7 297. ﬁb@&fc%labﬂ ¥ t@ beaidders@a‘)od Heat the
total thickness of the netal contalnlng | ayer(s) 18,

rnmﬁonodthmntéOththqﬁqmmmapﬁndhEOﬁmunahﬁngkqtmuaybabogmnde
elitdin 117 22T AReq sTiF i 5. 18abt (o1t 3 e Agriting layers stare

witha BRI Bre e oS Byel R f?uéﬂ%ﬁew%‘%y%ﬁmc%% g elas
lay%@,c@ gdsw agith lthy Gest 2ﬁa1t(sgd@ﬁaa\lg_ﬁ§b 1agatﬂon5achngradﬁ@baa&uode 14

[0044] Referring now to , in accordance
armh thh lash chlepgamdo glasselayergfontdreing masnondnleconde 32. nidree

ﬂ’&iﬂﬂt SRR 3@@%‘3@6 e s of At sémﬁﬁﬁgbﬁg bF8 and
crfebygtite RAREY | 17 asperdange i L AROUAEELETRANTE o he

bnas 1Plustrated I'n
silferSdet@@d Ofay s A8 13 8NY1 8 uhisp@feibly thickfiathas Ia@nnedtmgFl G

4, the stack of Ia ers forned betmeen the first and
chglsogenide Igtass la(ydxssl7nd>17 217, 317 in a ratio of between about 5:1 and
about 1:1 silver-selenide layer 18, 118, 218 to connected chalcogenide glass layer
17,117,217, 317, and more preferably between about 3.3:1 and 2:1 silver-selenide

layer 18, 118, 218 to connected chalcogenide glass layer 17, 117,217, 317.

[0047] As shown in FIG. 10, in another embodiment of the invention,
one or more layers of a metal containing material 18, 418, such as silver-selenide,
may be deposited between the chalcogenide glass layers 17, 117. A plurality of
silver-selenide layers 18, 418 may be used. Thus, as shown in FIG. 10, at a
processing step subsequent to that shown in FIG. 4, an additional silver-selenide
layer 418 may be deposited on the first silver-selenide layer 18 and an additional
silver-selenide layer 518 may be deposited on the third silver-selenide layer 218.

[0048] In accordance with another embodiment of the invention, each of

the chalcogenide glass layers 17,117, 217, 317 shown in FIG. 10 may comprise a
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include alternating | ayers of chal cogeni de glass 17,

117, 217, 317 and netal containing |ayers 18, 118,
wQi@s5/1458esi rabl e metal containing layer is  PCT/US2005/009957

silver-selenide. As shown in FIG 9, a first

chal cogeni de gl ass layer 17 is positioned over a first

el ectrode 14, a first silver-selenide layer 18 is

positioned over the first chal cogeni de gl ass |ayer 17,

a second chal cogenj de gl ass | ayer 117 i s positioned,
plesality efrthirmer dayesy phaghaleagspidgeslpsgyratend, suchsasgsgppanium-

selpidinBhaieblicn BE e Hater R 58 o WHE chatcogenide
5ﬂ%@@1 Roenilde ghasgiyayer 217 ispositioned over the
second si'l'ver-selenide layer 118, a third

silver-selenide |ayer 218 is positioned over the third
chR04%geni dén ghadsr kmpediBdim, ofahd irvehsion hne or more of the

R, AR S T Vet B
3L 3008 PRy TS, PRI Ak e oo

gli¥s Udyef, Rush éi@r&?cxem,dh BRttter depBsif@®vey aallesmselenldlayer, such as
conprises at l[east two netal containing layers 18, 118
laygnd 18 theearstrgethn esuohef thegpnitddng peerssy @ye causta snialzamount

17. wever, it is to he understqod.that the nmenory
of it LI Al B DA B GIBI Ty I al t or nat | g
| ayers of chal cogenide glass 17, 117, 217 and

lsLWE)q{] sel eﬁ&&e%&én%ﬂ&mcﬁ%ﬁgﬁggé%,ﬂé@@mﬁ'oﬁﬁﬁ&?tts o Ghe

yers start wt I rst eni de gl ass | ayer,
in®er@ich( patitdlelycthokd having asilveehalcanigdnyatde @ &ger 18y disposed
e.g. 317, with the first chal cogenide gl ass | ayer
betweemere plapleogdnide glabsleyars (eg1layand 7t 218) shayy improved memory

chal cogeni de gl ass |l ayer contacting.a second electro
refp3tiopRRd e HESE PSHPARSCE eBrop P eTisger Shese
a 18, Ash [ Ss
Ao e e e A e et
teinpafatiifee Bhd devicsalverehde puby evidthb8ess 1 2 2hBosacends compared
preferably thicker than connecting chal cogeni de gl ass
withygleped 1epistaney varable mamoryrelementsiod the PHef siddhatgish at about

1 1 and about, 1:1 silver-selenide |ayer 18, 118, 218
o BHHHE &Hal cogeni de gl ass | ayer .

[0051] As shown in FIG. 11, in accordance with another embodiment of
the present invention and similar to the first exemplary embodiment, a silver layer 50
is provided above the second chalcogenide glass layer 20. A conductive adhesion
layer 30 is then provided over the silver layer 50 and a top electrode 22 is provided
over the conductive adhesion layer 30. The silver layer 50 may be deposited over
the second glass layer 20 by any suitable means, such as sputtering or plating
techniques, including electroplating or electroless plating. The desired thickness of
the silver layer is about 200 A. Suitable materials for the conductive adhesion layer
include conductive materials capable of providing good adhesion between the silver

layer 50 and the top electrode layer 22. Desirable materials for the conductive
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17, 117, 217, 317, and nore preferably between about

3.3:1 and 2:1 silver-selenide |ayer 18, 118, 218 to
wa@oeonigetsed chal cogeni de gl ass |ayer 17, 117, 2B@T/USHB5/009957

[0047] As shown in FIG 10, in another enbodi nent of

the invention, one or nore |layers of a netal

containing material 18, 418, such as silver-sel enide,

may be deposited between the chal cogeni de gl ass | ayers

17, 117. A plurality of silver-selenide |ayers 18, 418
adhasiondayes 88 incinds chaeogsmidmelasser & top @leciodg 22 is then formed

rqcessi .Step subseque to that shown in FIG 4
O‘%ﬁ&‘a“d?ﬁnc‘f”gﬁﬁ? a@?qskf’élrl-a c‘éfl‘{’etiﬂ de |ayer 418 may be
deposited on the first silver-selenide |ayer 18 and an

agshd-4ional 54 T ' 1808Ehi yted
i A D R L ooae P

endlsedimgance bt ghrranothesclento glaseivving a GegSd, py sndiclopmetry,
each of the chal cogenide glass |layers 17, 117, 217

wikre xgRog#s TomA/do 49 Ay Reefepred stoiehiomcaiisaye gbout GeySey to
t hi nner, | ayers of- a chal c nicde i.al

0o Sl HEORRR5 e, SRS UM Ghel s

aniB¥ Ol en%»ﬁ@o?gteﬂi&ggm;sil r§ 2, 20l FOgBRi iKoe 4l BRknkRYRIH about
17, 117, 217, 317. [0049] In anot her enbodi nent of the

100kentabont 100@ Acandmmoee pfefelablyctimiuc d§8.de gl ass
| ayers 17, 117, 217, 317 may al so be doped with a

T C R D L ST S

mgéeé 1Ql. a4 eIJ Lﬁyt%ce]; %&i’talﬂg gz&%ﬂt go%&aiﬁ?@{ﬁ%ﬁ%? 93N ALd@ siflekver

eni ayer; such ayer e energetic
charbgeside llayeResuehub bidfe ReleAIdRS Sie r-vRlfide pdilver-axielephid silver-
amount of 'Ag to be incorporated into the chal cogenide
tejuadsamapgoth¢re0B0desDeblcavstabernsrining kaylerds sidvedisalgnids. A
bl SERELIEn 0 L1 ST Qe BB NO58 15
i d : i | . .
w4 B8 PSS ARG S5 Y Bcposion
andl JpluCleBh@ 9@ayIed HYITRO B r PretesSRRVENES ElivdhicalBAPOY deposition, co-
devi ces. These
evaporation or depositing a layer of selenium above a layer of silver to form silver-
selenide can also be used. The metal containing layer 18 can be about 1 to 5 times
greater than the thickness of the first and second chalcogenide glass layers 17, 20

and is preferably about 470 A.

[0054] The top and bottom electrodes, 22, 14 can be any conductive
material, such as tungsten, tantalum, aluminum, platinum, silver, conductive
nitrides, and others. The bottom electrode 14 is preferably tungsten. The top

electrode 22 is preferably tungsten or tantalum nitride.

[0055] The conductive adhesion layer 30 may be the same chalcogenide
glass material used in the first and second chalcogenide glass layers 17, 20 discussed
above. In this case, the conductive adhesion layer 30 can be formed by sputtering

the chalcogenide glass onto the silver layer 50. Just as silver is incorporated into a
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devi ces have al so shown data retention for nore than

1200 hours at room tenperature. The devices switch at
w@résaosBet hs | ess than 2 nanoseconds conpar edp@i/UB2005/009957

doped resistance variable nenory el enents of the prior

art that swtch at about 100 nanosecond pul ses. [0051]

As shown in FIG 11, in accordance w th another

enbodi mrent of the present invention and simlar to the

first exenplary enbodi nent, a silver layer 50 is

chrogrnddaighbolapertiecrssresied depediedguisr delyirasienidayerag,

descrbediabis. Fiagareste arnth o S BB PecRDsS S Bie hamal

aml%\ﬁ‘ﬁ"t of ggve? PR b éineIaﬂ?&sS@Po 'o@llt?crorégratéﬁ"ﬁté ich¥ BRalcogenide
ayer ey

e deposited over the second gl ass |ayer
gladadliesionylageti 3G bTRusTRROSOp Slictods stspi teethernpalyogenide glass
dﬁiating t echni ques, including electroplating or
ade¢sen kytede, gratingwy 9omnaé§aﬂbﬁowﬂ)@ktﬁe§éccg®dm@ the first glass

oS R 2o AP S LR f4lon ver s

isiq?ﬁgqb@h§.capable of providing good adhesi on bet ween

the silver layer 50 and the top el ectrode |ayer 22.
Desirable materials for the conductiveadhesion |ayer
30563 ude Ehalbfogenddaivgladbssen l&ct 30 hekrwety duesilper lager 50
then fornmed over the conductjve hesi op | ayer, 30. . .

and gbe p9p Fiserefale sgepreHEngPsERY %&aﬁgﬁoa Plecigils p2yjerial during

exenpl ary enhodj nen . TR0 S i de :
SR e R RO AT eSS B The S RUARAR 2 Bferils,
mcllzdjh% tf3gstdReraRBhA! e 16HOhEAO MR titAivdl L@t bthers, may
Ge205e807°t 0 about Ge43Se57, nost preferably about
noGedhSe6ell tthelvet hgeryS@such ss trdspewn inf3G: ildstFagregrample,
second chal cogeni de gl ass_| ayers 17,..20 preferab
adhesjen hegws @03?3&’%% g@o%é mipgpeAnstigentto R’G@%“tA%ﬁr?JFCUOdC

re Jpref . A ] o :
22038 LR PRl L AR g v
layePBbainkdl dAdls IBYseHd dbctribllconfit aRGethesiidealplng laRda o0, 18,17, 14
containing layers 18 include silverchal cogeni de
of the memory element 100. Poor contact between the top electrode 22 and the
underlying memory element layers 20, 18, 17, 14 can lead to electrical performance

problems and unreliable switching characteristics. Use of a conductive binding layer

30 can substantially eliminate this problem.

[0057] As discussed above, use of metal containing layers 18, such as
silver-selenide, in contact with a chalcogenide glass layer 17 may eliminate the need
to dope the chalcogenide glass layer 17 with a metal during formation of the
memory element 100. In accordance with the last-discussed embodiment, the silver
selenide layer 18 provides a source of silver selenide, which is driven into
chalcogenide glass layer 17 by a conditioning step after formation of the memory
element 100 (FIG. 11). Specifically, the conditioning step comprises applying a
potential across the memory element structure 100 such that silver selenide from the

silver selenide layer 18 is driven into the first chalcogenide glass layers 17, forming a
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| ayers such as silver-selenide, silver-sulfide,

silver-oxide, and silvertelluride anong others. A
waewmisnedsBe netal containing | ayer is silver-sePenudmos/d09957

variety of processes can be used to formthe

silver-sel enide netal containing |layer 18. For

i nstance, physical vapor deposition techni ques such as

evaporative deposition and sputtering nay be used.

O her processes such as chem cal vapor deposition,

comduevimgothanheln Movdeposdt Aggioas infperr @it ofdhatng

a Jayer of silver. to formsilverse [ can al. be
vl T FRRES By TR B B Lok i E U S 0%

: . iC tohgaf | h

oA O Rk 8] 51 L SRBR oLt it gl s
lor%"cﬁbﬁfsa ¥y el highé® adplifiSdhhn hepicdpaadidiatsed o program

el ectrodes, 22, 14 can be any conductive material,
thememarg clemmpst iftertthacandisionig siemuhs peBeNsment 100 may be

silver, condyctive nitrides, and others.  The botto .
prgratnesherauts chijromis s mpyRlBe 1B HRacy g Pl dpuing
ILS;Rreferably tungsten or tantalumnitride. [0055]
cormducti ve adhesion | ayer 30 may be the sane

chal cogeni de gl ass material used in the first and

sf@os8d chal Bigeanilde igkmascrtd yaestiyl dgntRglvdi-sdesided

above. In this case, .the conductive adhesion Jayer .30
agglamastionphailyeppt theuiverlpyry A0 silvarze e grface may

onto the,silver | r .50, J . Silver | :
oc BB o BT P B PP LN b spgent procesing
profbink HurideRgiriesh 8V &l Bedbly &l BG).eUsd@fhanelcogénide glass
descri bed "above, the energetic nature of the

layepR0therwem tireoilesslapays Caubthesilsemtderadolayer b8 cai pyayent silver
fromthe silver layer 50 to be incqrporated into the
agglomaaiempadhy ISH@%C%@@ﬁs is’ga‘ﬁ:r 1581§81rdeg®.’cr 1s, the top
el ectrode shorts to the chal cogeni de gl ass adhesi on
I 15130, cfeati ' : kEilif ;
B e ¢ BB BN o Uh R RRepdon, an
aditorkNgRer RieP4 0 Rah 60 depoHR ddcaweert ditdloter ¥Baladketdoglass

| ayer 30 is about 100 A
layer 17 and the silver selenide glass layer 18, as shown in FIG. 12. Thus, a memory

S an

cofiditio
e

element 200, as illustrated in FIG. 12, comprises a first chalcogenide glass layer 17, a
first silver layer 40, a silver-selenide glass layer 18, a second chalcogenide glass layer
20, a second silver layer 50°, a conductive adhesion layer 30, and a tc;p electrode
layer 22. Addition of the first silver layer 40 minimizes the amplitude and pulse
width of the conditioning potential needed prior to write and erase operations.
Layers 17, 18, 20, 22, 50°, and 30 can be of the same or similar materials as in other
embodiments of the invention and can be formed by similar means. Furthermore,
the first chalcogenide glass layer 17 may be a doped chalcogenide glziss. For

example, the first chalcogenide glass layer may be silver-doped silver selenide.

[0060] In accordance with this embodiment of the invention, a
conditioning step allows silver selenide from the silver selenide layer 18 to be

incorporated into the first chalcogenide glass layer 17. Deposition of the silver
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[ 0056] Use of a conductive adhesion |ayer 30 between

the silver layer 50 and the top el ectrode 22 can
w@e@sants3peel i ng of die top el ectrode 22 nat er P@l/US2005/009957

duri ng subsequent processing steps such as photoresi st

stripping. Electrode 22 materials, including tungsten,

tantalum tantalumnitride, and titanium anong

others, may not adhere well to silver |ayers 50 such

as that shown in FIG 11. For exanpl e, adhesi

sel¢radodsger 1B evenmhelsyerrlaya 0 c;_agswﬂae @qurﬁgl@mqeclpgml& tp become

th | 2 f |
stV evﬁaﬁm@,&(%egl?f‘ iy ey B e S e iies PRI G A
ch%@é/égec'iucg: 1?53 r?ﬁe'r'lgiuer#cg‘?;tgg &]flsi‘fcﬁ% bf %ﬁh%ﬂﬁﬂlt cgﬁfrcrheﬁrfr%%g pulse. As

shuéireid cdiitiomragpuientaadtave etsheeer plilsc wopthelnddomed empitude,
and di e underlying nmenpry el enent |ayers 20, 18, 17,
cffactivelyrspreciag P thr €PAIHOMNGBIFESance probl ens and
unreliable switching characteristics. Use of a

tive ' g |
PRt o DAL O Ry B PR SRR L comporgy o e
scc@ﬁd@ﬁ&&llaﬁ@ 021 iR didel BYFleSerditin &R FSilver from being
[ver-selenide, in contact witii a chal cogeni de gl ass

mcbqycmatc]i?inna;heellomm ahtleogdnednlager dtumgmncim@mng, which can

ShB e 1 b P TSIl AR 0T oSt KD PeACEired
th”(t}ess aF ?DC}I&SSIS- 8 %%S ?181‘? ARP %lag?ﬂ er BT R a%'olu‘( 950 A

ayer prov es a“sourte of silver
sel eni de, mhlch is driven into chal cogeni de gl ass

|[@en] 17 byAdshuswndid FIG] I@, iataegoradhher withmnatharendfodiment of
menory el enent 100 (FIG Specifically, die

thoapmmntunmm@nw@sm@lam rab@wmiy'y@plm@m a silver layer
cross, di,e, menory .el enent truct 00 such di at
405 3| RFRYIdEg PRAT R SRS HIEE SRINEYCT ddt R 3ITESBOM gepgnt 300,

ﬁ;&sé{'ﬂ%d'lﬂt]?‘i(xd h8 E(')ﬁlf)h &tﬁaﬂi c%,%nﬂie §ss|1§}¥:§ N%, % §ilver layer

or m ng ‘aconduct I ng ch anne ment Ag+ itond into

4007 glsér- Q:ﬂcdl&@gla@sfllamtdS causesd ahmlm@haid glagdhgtr P end a top
change for the nmenory el enment 100. The pul se wi dth and
clegrrptl¢ layde22r dn @egardenge w&hahaéteérl@demcnh@f @sHavent Ag

co &ttgg}r{gas!tcp lIVgShSI Jer'se emdé/ ﬁgransthc silver selenide layer 18 into the first

chalcogenide glass layer 17, opening a conductive channel.

[0063] As shown in FIG. 14, in accordance with another embodiment of
the present invention and similar to the embodiment shown in FIG. 13, a silver layer
50 is provided above the second glass layer 20. The silver layer 50” may be
deposited over the second glass layer 20 by any suitable means, such as sputtering or
plating techniques, including electroplating or electroless plating. The desired
thickness of the silver layer is about 200 A. A top electrode 22 is then formed over
the silver layer 50°. Thus, a memory element 400, as illustrated in FIG. 14,
comprises a first chalcogenide glass layer 17, a silver layer 40, a silver-selenide glass
layer 18, a second chalcogenide glass layer 20, a second silver layer SQ’and a top

electrode layer 22. The first chalcogenide glass layer 17, may be a doped
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| onger pul se width and higher anplitude than a typica
potential used to programthe nenory el enent. After
WO b@s5a0r5@9 t i oni ng step, the nenory el ement 100POEYSIHES/009957
programed, provide that sone silver noved into the
conductive channel during conditioning. [0058] Wen
silver is sputtered directly onto silver-sel enide,
aggl oneration of silver at the silver |ayer
50/ silver-selenide [ayer 18 interface may occur during
chalepgrsiidé ghss. Fmrexemiples tha §t shelcogindde ghss lepersmay be silver-

subsequent processing problens during operation of the
doﬁﬁgﬂf régFPE@OO. Use of a chal cogeni de gl ass | ayer 20

between the silver layer 50 and the silver-selenide
| I?O?@g 18 Caf‘]ﬁ@ ESBSAImShs \ieScrBRE | BERE B OR @} HBation of only a
surface I I ] In

of the silver-selenide |ayer 18. [0059
fevapossilsie resisimicanyialdoimdhopntlemtnt be0 prrestents inrertlhoeg with
an additional silver layer 4 0 can be deposited
theyewapiaent Femusiks Leiubiosgde hrwevey) thes theyention gagteapplates the

silver selenid l.ass layer,18, as _shown.in FLG
forkigen of GeRL Y Rt eante Zbaverrn SRR Pat W R B
fabriaRd a%'?asmémfoﬁ %rafﬂﬁi 6088 RIRiAR&R ohPY & e At ac@ssl difcits.
silver layer 40, & silver-selenide glass |ayer 18, a
second chal cogeni de gl ass | ayer 20, a second silver
| [@0&5150' , BlGohdilksirves adipisilgrotayarsysom 40@ waithoimcludes a

el ectrode | ayer 22. Addition of the first silver |ayer
megmor GHCH A, KRR £ BIRSTARURIF SendiidphRAMy which cmploys

condi tionin L al { O ] :
G R R Bl BLLOL L L A i8R,
pr&fesiiBystafe stth & AedmBputdBbREdm] Serallytodihi@es a central

enbodi ments of the invention and can be forned by
pradessihgunirg &8 441 tsueh pw penictdprotdssa, a chgitd sigoal pwcessor, or

gl ass layer 17 may  be doped ,chal cogeni.de gl ass. For
ommg@mmﬁ@eﬂ%@ legia dedigehvduc F%fggmné%?s WPe

in@it'(éﬁg#geg%?gw@ mec#v%p'h%%s 45906f] 1,266 94830/ nunicates

I nent o e Invention, a
with the system over bus 452 typically through a memory controller.

[0066] In the case of a computer system, the processor system may include
peripheral 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 448
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.

[0067] 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.
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conditioning step allows silver selenide fromthe
silver selenide layer 18 to be incorporated into the
wo poostiosbal cogeni de gl ass | ayer 17. Depositi onPOf/US1065/009957
silversel enide | ayer 18 over the silver |ayer 40
causes the silver selenide |ayer 18 to becone
silver-rich. This silver-rich silver selenide nore
easily incorporates into the first chal cogeni de gl ass
| ayer 17 under the influence of an applied
conditioning pulse. As a result, the conditioning
pul se can have a shorter pulse width and | ower
anpl i tude, effectively sp ' sup t he condi tioning
process. [0061] The first Sifver layer 40 nust be
relatively thin in conparison to the second sil ver
| ayer 50', in order to prevent an excess of silver
f r o'Whai i glaine@npaERted desital td1Be beveeteda LagapPa@nt of the
United &¥&es @duri ng condi tioni ng, which can shorten the life
of the menory elenment. The first silver layer 40 has a
desired thickness of about 35-50 A when the first
gl ass faye in FIG
13, |niac6%#é%%%§IaF? lgﬁggﬁer enﬁégfﬁgﬁ?Bgﬁgt
pr esent |nv?nt|on and simlar to the first exenplary
enbodlﬁgﬁFC ver |layer 40' is provided above a
chal cogeni de glass | ayer 17. Thus, a nenory el ement
300, asfirdtichslcogtmde ghsHaGr c&tricalyproupts] @ sid Stst
chal cogeni de gl ass | ayer 17, a silver layer 40', a
ek%PbHEr sel eni de gl ass layer 18, a second chal cogeni de
gl ass’ layer 20, and a top electrode Iayer 22. In

accor dance t hi nent of qFSntlon 3
condi t # 8% @e&ﬁg GLS By spihfiat pile glass
silver selenide layer 18 into the first chal cogenide

laygk;ass | ayer 17, opening a conductive channel. [0063]
As shown in FIG 14, in accordance w th anot her
enmbodi Mtalcﬁonttﬂl‘%m%’ 1%%‘? 'Uct\kréléﬁes'ﬁid ARt aRG s&ddAd @Halcto%efulal%
enbodi nent sho 3, a silver layer 5

l$ vi ded above the second glass | ayer 20. The S|Iver

& S%E@F“SO may be deposited over the second gl ass |ayer
20 by any suitable neans, such as sputtering or

a metal layer over said second chalcogenide glass layer;

a conductive adhesion layer over said metal layer; and

a second electrode electrically coupled to said conductive adhesion
layer.

2. The resistance variable memory element of claim 1, wherein said
metal containing layer is a silver-chalcogenide layer.

3.  The resistance variable memory element of claim 2, wherein said

metal containing layer is silver-selenide.
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pl ati ng techni ques, including electroplating or
el ectrol ess plating. The desired thickness of the
wapezanisBayer is about 200 A. A top el ectrode PCT/US2005/009957
then fornmed over the silver |ayer 50'. Thus, a nenory
el ement 400, as illustrated in FIG 14, conprises a
first chal cogenide glass layer 17, a silver |ayer 40",
a silver-selenide glass |layer 18, a second
chal cogeni de gl ass | ayer 20, a second si]ver |ayer .
50" an dg-a e wisswnco yarigbly menpy clmmeentigfgfaim 3, wherein said
chal cogeni de gl ass |ayer 17, may be a
siltoREMARR 18RI 8NP BhasiShy Therfoaxaldg,, , [Seend whérein x ranges
chal cogeni'de gl ass | ayer nmay be silverdoped sil ver
ih;egsnigf égoqg The enbodi nents descri bed above refer
B 2PReE 8? ?Yon of only a few possi bl e resistance
vari able nmenory el ement 100 structures in accordance
with the ihermsistance verighle memonysifanaited¢lamolweyisrein said
that the invention contenplates the formati on of other
me&b}lc‘dam&eﬁﬁingtlam&lav arthidithess s aboy: ke Beihss thwhihidknearoflre
fabricated as a nmenory array and operated with nmenory

I n I Ecuids. 65] FIG 15 illustrates a
fﬁ%ﬁ%ﬂ%ﬁ%ﬁgf%%%%?%P&%vg%é&ﬁkgg whi ch includes a nenory
. circuit 448, for exanple _a programmabl e conductor BAM .

whi ch @npl Besresistanse ApaErble memasy lomenirqf by gerein said

fabricated in accordance with the invention. A
mdhloeessangSlypdraits axtitinas of aboupdT@A. system general |y

conprises a central processing unit (CPU 444, such as

a mcrepr , :

e o R R S e
with an input/output (1/0O device 446 over a bus 452.

Inﬁ%ﬁaﬁ%ﬁ%ﬂbm&48 conmuni cates with the system over bus
452 typically through a nmenory controller. [0066] In
the ca8e OrharsiBoNdt earishls hemory berpemoefsdam Bysharin said
may i nclude peripheral devices such as a floppy disk

eIl 4 {sk-(CD) ROM drive 456, which
sﬂ%%é%%g%%%%ﬁggg gg%lt (254 over the bus 452. Menory
448

9. The resistance variable memory element of claim 1, wherein said
first chalcogenide glass layer and said second chalcogenide glass laycr' each have a
thickness of about 100 A to about 1000 A,

10. The resistance variable memory element of claim 1, wherein said
first chalcogenide glass layer and said second chalcogenide glass layer each have a
thickness of about 150 A.

11. The resistance variable memory element of claim 1, wherein said
first chalcogenide glass layer and said second chalcogenide glass layer comprise a

material having a formula Ge,Se o, Where x = 17 to 43.
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Is preferably constructed as an integrated circuit,
whi ch includes one or nore resistance vari able nenory
webk@santsso 100. | f desired, the nenory 448 may BET/US2005/009957
conbined with the processor, for exanple CPU 444, in a
single integrated circuit. [0067] The above
description and drawings are only to be considered
illustrative of exenplary enbodi ments which achieve
the features and advantages of the inventjon. ) .
Modi f i1dat e rasierareeriably memery sleglsdt of rlaimprlo gdigein said
conditions and structures can be nmade w t hout
firsél enﬁtzégdﬂﬂdé E1359 b8 a8l stidt seameld skadpsgamidd flass layeroigmise
Accordingly, the invention is not to be considered as

being |imted byt 0 ' [ pt.i d
seRgs it srs iy £ HERALAES PR Bl BESES e
appended cl ai ms. CLAI MS What is clainmed as new and . |
desi r &t dhserepstepescyaiblymemore elensat of clagp >w@1€rcm said
United States is: 1. A resistance variable nmenory
cofd &8 ad B &SI la?éxn'g a chafcdopeitidelgbst lagee; a first
chal cogeni de gl ass |l ayer electrically coupled to said

first £l eail OG5l paomtk SRAGOIRMAR FLANS IR Rerein
over sai'd first chal cogenide glass |ayer; a nmeta
containing | ayer between sajd first and Eecond
said andwgwisiadactipn deayer asrmanynpgslenide é?"’éf' Ve 2saj d
second chal cogeni de gl ass | ayer; a conductive adhesi on
stoichy®heay ef abaudGegsa). | ayer; and a second el ectrode
el ectrically coupled to said conductive adhesi on
layer.15  The resistance variable memory element of claim 13, wherein
said conductive adhesion layer has a thickness of about 100 A.

16. The resistance variable memory element of claim 1, wherein said
first and second electrodes are selected from the group consisting of tungsten,
nickel, tantalum, aluminum, platinum, silver, and conductive nitrides.

17. The resistance variable memory element of claim 15, wherein
said first electrode is tungsten.

18. The resistance variable memory element of claim 15, wherein
said second electrode is tantalum nitride.

19. A resistance variable memory element comprising:

a first electrode;

a first chalcogenide glass layer electrically coupled to said first

electrode;

a first metal layer over said first chalcogenide glass layer;
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2 . The resistance variable nenory el enent of claim1l,
wherein said netal containing layer is a

wapezantsahal cogeni de | ayer. 3. The resi stance par/vam®009957
menory el enment of claim2, wherein said netal
containing layer is silver-selenide.4 . The resistance
vari abl e nenory el enent of claim 3, wherein said
silver-selenide layer is represented by the fornula
Ag2 +/ .xSe and wherein x ranges fromabout 1 to about
0. 5. aThetal esitginarg byemevessiid memblayes| enent of cl ai m
1, wherein said netal containing |ayer has a thickness

of abqukcdnd ehdlcddeiRie dIAR lijel Okoessd fetdiontdinisl layed,
second chal cogenide gl ass layers. 6. The resistance

I abl I ficlai - Q] oy I
cont ARG e TG oa Hi ik Bod Bl UREHR Ao ®

The resistance vari abl e nmenory el ement  of claig%%,
wher eiarcasgiugtiveadhiesiomlayerioyes 5aid sgcong. silyerday@s 2 ance
vari abl e menory el enent of claim7, wherein said
si | very dcayed elRagode tlateicars sogiledb® did 260 déctivé. adhksion
resi stance variable nenory elenment of claiml1, wherein
1 said first chal cogeni de glass | ayer and said second
Y%hal cogeni de gl ass | ayer each have a thickness of
about 100 A to about 1000 A. 10. The resistance :
vari abi® ridworsistanesesiabls memgryelemegys of élsaﬁnglgp &her§igy
chal cogeni de gl ass | ayer and said second chal cogeni de

sai@h@ssl doayahirgdajerhay slerichilekgatde biyeabout 150 A 11.
The resistance variable nenory el enent of claim1,

et o SRR S e
said metal containing layer is silver-selenide.

22. The resistance variable memory element of claim 19, wherein
said metal containing layer has a thickness of about 1 to 5 times the thickness of
the first and second chalcogenide glass layers.

23. The resistance variable memory element of claim 19, wherein
said metal containing layer has a thickness of about 470 A.

24. The resistance variable memory element of claim 19, wherein
said first metal layer and said second metal layer are silver.

25. The resistance variable memory element of claim 24, wherein
said first silver layer has a thickness of about 35 A to about 50 A.

26. The resistance variable memory element of claim 24,7thrcin

said second silver layer has a thickness of about 200 A
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material having a fornmula GexSelO0 x, where x = 17 to

43.12. The resistance variable nenory el enent of claim
waooshersed n said first chal cogeni de gl ass | ayePCHUIS2005/009957

sai d second chal cogeni de gl ass | ayer conprise

ger mani um sel eni de gl ass having a stoichionmetry of

about (Ge40Se60. 13. The resistance variabl e nenory

el ement of claim1, wherein said conductive adhesion

| ayer is a chal cogenide glass |layer. 14. The .

r esi st2hc hearcsistahee vasinbloymemere glemsnt off glaim 2, wherein

wherei n said conductive adhesion |ayer is gernmani um

sai@ Ek&thdRogl RS %myia‘?&_ #hdsdal sRbadrhalo@énidb@lss layer each
Ge40Se60. "15. The resistance variable nenory el enent

of gl.aim 13, wherej\ni sai i ve adhesion | ayer
hwﬁﬁﬁﬁﬂa?ﬁ?%ﬁ%§§§ﬁgﬁk%%gﬁ?nggﬂ%gy 6. The resistance
variabl e nenory elenment of claiml, wherein said first
and sedbndlhd wsisrogevariable memesy glemens af chemghs pyherein
consi sting of tungsten, nickel, tantalum alum num
said® fidtl REIRO g&hidY @lass BEr i€ @BMipeisésvetlvart-topetbshaldogenideeglass.
resi stance variabl e nenory el ement of claim1l5,
wher ei 4, sajd fir e 0 ' ggﬁh : qaol .
resi st%ﬁc?}\llearrcls’lgg & lr’r%%i@ogeyl%gfﬂé%\gtﬁ{é 0 gi?aclla%nrﬁl ,’%Crcm
Wwherein said second electrode is tantalumnitride. 19
saigh firsshelcageride glasalyer anshisid sespadhshelcesamidr lasy layer cach
first electrode; a first chal cogeni de gl ass | ayer
ha® £etickdesd byasauplseddt o said first el ectrode; a first
nmetal |ayer over said first chal cogenide gl ass | ayer;a
nmet al nt-&i nj - ' el d
chal congn i ety StehonRled TRkl Jrol 15 G0N

| ayer;
said first chalcogenide glass layer and said second chalcogenide glass layer

comprise a material having a formula Ge,Se; ., Where x = 17 to 43.

31. The resistance variable memory element of claim 19, wherein
said first chalcogenide glass layer and said second chalcogenide glass iayer
comprise germanium selenide glass having a stoichiometry of about Ge,,Sey,.

32. The resistance variable memory element of claim 19, wherein
said conductive adhesion layer is a chalcogenide glass layer.

33. The resistance variable memory element of claim 32, wherein
said conductive adhesion layer is germanium selenide glass having a
stoichiometry of about Ge,,Se.

34. The resistance variable memory element of claim 32, wherein

said conductive adhesion layer has a thickness of about 100 A,
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a second netal |ayer over said second chal cogeni de
gl ass layer; a conductive adhesion |ayer over said
wae@snass? | ver | ayer; and a second el ectrode PCT/US2005/009957
el ectrically coupled to said conductive adhesion
| ayer. 20. The resistance variable nenory el enment of
claim19, wherein said netal containing |ayer is a
silver-chal cogeni de |layer. 21. The resistance vari abl e
menory el enment of claim 20,. wherein said netal )
cont aid®. ng Heaysistanee wriabley memogy plgaiens of clpya 19, wherein
resi stance variable nenory el enent of claim 19,
saidMASYt QhA ss@irdl detRbdeant sdledted floay e fraspacnkisthgess of
about 1 to 5 tinmes the thickness of the first and

second. ¢hal ¢ ni _ -
SRR AT B A, g8 eqhRbesigiguee
nmet al containing |ayer has a thickness af, abg 70 A
{)(? 3%to| efin

24. THO.r ddieseaffencs, sl BEmOmHF H&qnéﬁgﬁlanaf

19, wherein said first netal |ayer and said second
saidBicstleldcayele igfumgstdnver . 25. The resistance variable

menory el ement of claim 24, wherein said first silver

| ayer fias 7t cKRES errf’;bléltﬁgiﬁorg l@lcﬁlctnq o@?ﬂ%‘rﬁ F0 vhherdf-

The resi'stance vari able nenory elenent o al m 24,
Wwherein said second silver |layer has a thickness of
saig peppndodertpodess tapfalumeBitddence vari abl e memory el ement

of claim 24, wherein said first chal cogeni de gl ass
| ayer 3d ssaicthsdodfidnihgh cagenadeaghblsanémpey clemeht
have a thickness of about 100 A to about 1000 A. 28.

Co&ﬁgﬂhg§hgg§%g?ﬁvariable menory el ement of claim 19

erefn sail I'rst chal cogenide glass |ayer is

conpri ses. sil er-Pogeg chal cogeni de gl ass.
formmg a first electrode;

forming a first chalcogenide glass layer electrically coupled to said first
electrode;

forming a second chalcogenide glass layer over said first chalcogenide
glass layer;

forming a metal containing layer between said first and second
chalcogenide glass layers;

forming a metal layer over said second chalcogenide glass layer;

forming a conductive adhesion layer over said metal layer; and

forming a top electrode electrically coupled to said conductive
adhesion layer.

39. The method of claim 38, wherein said metal containing layer is a

silver-chalcogenide layer.
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29. The resistance variable nmenory el enment of claim
19, wherein said first chal cogeni de glass | ayer and
waaiod/1sseond chal cogeni de gl ass | ayer each havBCHUS2005/009957
t hi ckness of about 150 A. 30. The resistance variable
menory el ement of claim 19, wherein said first
chal cogeni de gl ass | ayer and said second chal cogeni de
gl ass layer conprise a material having a formula
GexSel00. x, where x = 17 to 43. 31. The reS|stanc? _
vari alie Aeongthetefehtimo?9,ovheraininid meel epptasaipg layer is
first chal cogeni de gl ass | ayer and said second
silvehadleggeni de gl ass | ayer conprise gernmani um sel eni de
gl ass having a stoichionetry of about Ge40Se60. 32.

o B T R el e

wher ei ive a
chalcogenlde glass | ayer. 33. The regﬁftance vari abl e

a thigkmesy obpleorsrk tob tiones the shicknessofithe St and seramck i ve

adhesi on |l ayer is germani um sel eni de gl ass having a

chdiésieaideogirisilyyeed. about Ge40Se60. 34. The resistance
variabl e menory el enent of claim32, wherein said

conducty veraqesioanod aYel 3%%11&&1%% 2 BheRAl laykDBas

A 35. e resis ance vari abl e nmenor enent
wherein said.first and second electrodes are

at@ék%ﬁ@ﬁawl@lﬁ%%é group consi sting of tungsten,

ni ckel , tantalum alum num platinum and conductive
nitri . T méthedr &&ildtnd® ewhakeindald needdayer & divent
of cl ai m 35, mherein said first electrode is tungsten.

37. Th
ST T PR kS TRl STl s

38. A nethod of formng a resistance variable nenory
of eheuedfi0 A.

45. The method of claim 38, wherein said first chalcogenide glass
layer and said second chalcogenide glass layer each have a thickness of about 100
A to about 1000 A.

46. The method of claim 45, wherein said first chalcogenide glass
layer and said second chalcogenide glass layer each have a thickness of about 150
A.

47. The method of claim 38, wherein said first chalcogenide glass
layer and said second chalcogenide glass layer comprise a material having a
formula Ge,Se,o,,, Where x = 17 to 43.

48. The method of claim 47, wherein said first chalcogenide glass
layer and said second chalcogenide glass layer comprise germanium selenide glass

having a stoichiometry of about Ge,,Seqy.
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conprising the steps of: formng a first el ectrode;

formng a first chal cogenide glass |ayer electrically
wa@owmplierd3’s o said first electrode; form ng a seBONUS2005/009957

chal cogeni de gl ass | ayer over said first chal cogeni de

gl ass layer; formng a netal containing |ayer between

said first and second chal cogeni de gl ass | ayers;

formng a netal |ayer over said second chal cogeni de

glass layer; form ng a conductive adhesion |ayer ovef

sai d r& aTheapethodzafelainr 38 nghercngpicserducsye adhesion layer

el ectrically coupled to said conductive adhesi on

is ol @MRIoged@e glhte Idyet.hod of claim 38, wherein said metal
contalnlng£ﬁayer is a silver-chal cogeni de | ayer. 40.

The od-wof ¢

e o B AR LI SRl S g
wherein sai d netal contalnlng | ayer t.hi ckness of

saich porguctive adbesipprsyer H@Cflﬁa@klﬁégfée@fktg%é having aang
second chal cogeni de gl ass | ayers. 42. The nethod of

stofhib e @9 of wbeiieGe,$aj.d metal containing layer has a
t hi ckness of about 470 A. 43. The et hod of cIa|n138

wher e'é}zs%\}ﬁe HEl R SEE 49 @B%r\éﬁlrsalcﬁéomﬂ} QfbrPlayer

cl aim erérn sai ver Tayer ness o

about 200
has a thickness of about 100 A.

52. The method of claim 38, further comprising the step of applying
a conditioning potential across the memory element structure.

53. The method of claim 52, wherein the pulse width of said
conditioning potential ranges from about 100 nanoseconds to about 500
nanoseconds.

54. A method of forming a resistance variable memory element
comprising:

forming a top electrode;

forming a first chalcogenide glass layer;

forming a first metal layer electrically coupled to said first
chalcogenide glass layer;

forming a metal containing layer over said metal layer;

forming a second chalcogenide glass layer over said metal containing

layer;
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45. The nethod of claim 38, wherein said first

chal cogeni de gl ass | ayer and said second chal cogeni de
w@bk@sgoisayer each have a thickness of about 10BCHUSm05/009957

about 1000 A. 46. The nethod of claim45, wherein said

first chal cogeni de gl ass |ayer and said second

chal cogeni de gl ass | ayer each have a thickness of

about 150 A. 47. The nmethod of claim 38, wherein said

first chal cogenide glass |ayer and said second

chal cogemintpa gtcasd thempblayerodwst said seconst dialengenids glgssa

formul a GexSel00.x, where x = 17 to 43. 48. The nethod
layef; claim 47, wherein said first chal cogenide glass

| ayer and said second chal cogeni de gl ass | ayer

ooy el RO SR Gu hP0MLcg pl pvrs and

cl aim 38, wherein said conductive adhesion layer is a
chal coigeminga gomskscirage elecamallyrpenpled te said cendasivapl e
menory el ement of claim49, wherein said conductive
adR&@sia0er. | ayer is gernmani um sel enide gl ass having a .
stoichionetiy of about Ge40Se60. 51. The nethod of

claim49, er ein Fd . ' '

hi ckrits TR IRHE Shli SEoFhikth BRI ding ifer o
_further conprising the step of applying a conditioning
silyestcbalcpgenide 1465 t he menory el ement structure. 53. The

met hod of claim52, wherein the pulse width of said

condi t 5@ni Tige pRtlesd bitlaind 6§ ewhtfedirsal endtall@Mtaining layer is

nanoseconds to about 500 nanoseconds.

silver-selenide.

57. The method of claim 54, wherein said metal containing layer has
a thickness of about 1 to 5 times the thickness of the first and scconc-l
chalcogenide glass layers.

58. The method of claim 54, wherein said metal containing layer has
a thickness of about 470 A,

59. The method of claim 54, wherein said first and second metal
layers are silver.

60. The method of claim 59, wherein said first silver layer has a
thickness of about 35 A to about 50 A.

61. The method of claim 59, wherein said second silver layer has a

thickness of about 200 A.
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54. A nethod of form ng a resistance variable nenory

el ement conprising: formng a top electrode; formng a
wo poostiorsbal cogeni de gl ass | ayer; formng a firBCT/IB1085/009957

| ayer electrically coupled to said first chal cogeni de

gl ass layer; formng a netal containing |ayer over

said netal |ayer; form ng a second chal cogeni de gl ass

| ayer over sai d metal containing layer;formng a

ayer :Oh orHer R AT T MGG Bt My SPAouar AP A
second netal layer; and formng a top el ectrode

layed st said aetdoymdaﬂnabbgdndg gbas Bycorrdhdtavy e thidhesss off about 100
| ayer. 55. The nethod of claimb54, wherein said netal

A ©0iHoRk Niog A.ayer is a silver-chal cogenide [ayer. 56.
The nmet hod of clai mb55, wher ein said netal containing

| ayer | ver - sel eni.de.
whor ei7s il MEHE S P apeTh 15t shprredidt ety
about 1 to 5 tines the thlckness of the first and
laysreawhshid bedoodgdmlcdgenjtia giass hyer sachdgye Thbickeess of abput 150
clai m 54, wherein said netal containing | ayer has a
A thickness of about 470 A. 59. The nethod of claim 54,
wherein said first and second net al

64. The method of claim 54, wherein said first chalcogenide glass
layer and said second chalcogenide glass layer comprise a material ha;/ing a
formula Ge,Se,y.,, where x = 17 to 43.

65. The method of claim 54, wherein said first chalcogenide glass
layer and said second chalcogenide glass layer comprise germanium selenide glass
having a stoichiometry of about Ge,Seg,.

66. The method of claim 54, wherein said conductive adhesion layer
is a chalcogenide glass layer.

67. The resistance variable memory element of claim 66, wherein
said conductive adhesion layer is germanium selenide glass having a
stoichiometry of about Ge,,Seq,.

68. The method of claim 67, wherein said conductive adhesion layer
has a thickness of about 100 A,

69. The method of claim 67, further comprising the step of applying

a conditioning potential across the memory element structure.
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| ayers are silver. 60. The nethod of claimb59, wherein
said first silver layer has a thickness of about 35 A

wo oooaho1s89 50 A. 61. The net hod of clai m59, whPCEUR2005/009957

said second silver |ayer has a thickness of about 200
A . 62. The nethod of claim54, wherein said first

chal cogeni de gl ass | ayer and said second chal cogeni de
gl ass |l ayer each have a thickness of about 100 A to

about 1000 A. 63. The nethod of Cl%gh m 62, wherein said
first cal Ehyenitaed gf slaun 68y whersip taepelse sagilicof said

chal cogeni de gl ass | ayer each have a tiiickness of

coabititniddPornti@hrangbefrort ittt d00alamonedohds whabeun56@i d
first chal cogeni de gl ass |ayer and said second

ni de gl ass layer conprise a material having a
mf‘ggécgﬁgseeexseloo x, where x = 17 to 43. 65. The method

of claim 54, wherein sajd first chalcogenlde gl ass
| ayer 4hd éaﬁ%st%‘ﬁalagkan%ra@w gEch SQEPrEPET
conpri se germani um sel eni de gl ass having a

st oi cha fimetetectiofdeabout Ge40Se60. 66. The net hod of

cl ai m 54, wherein said conductive adhesion |ayer is a

chal COQﬁFétQﬁal%%?:ﬁd{: %Ya§§ &' lecm@alﬁrec%}ugi&ﬁ&esai’cﬁﬁfs@b' e

menory el ement ereln sai d conductive
adhesi on | ayer is gernanlun1selen|de gl ass having a
d%¥%¥%h|onetry of about Ge40Se60. 68. The net hod of
clai m 67, wherein said conductive adhesion |ayer has a
tiii ckasseondfchalogtnitio@las layer over said first chalcogenide glass

layer;

a metal containing layer between said first and second chalcogenide
glass layers;

a metal layer between said first chalcogenide glass layer and said metal
containing layer; and

a second electrode electrically coupled to said second chalcogenide
glass layer.

72. The resistance variable memory element of claim 61, wherein
said metal containing layer is a silver-chalcogenide layer.

73. The resistance variable memory elem¢nt of claim 72, wherein
said metal containing layer is silver-selenide.

74. The resistance variable memory element of claim 71, wherein
said metal containing layer has a thickness of about 1 to 5 times the thickness of

the first and second chalcogenide glass layers.
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69. The nethod of claim67, further conprising the

step of applying a conditioning potential across the
Woreesy15ed enent structure. 70. The nmet hod of cl BETVUSBNS/009957

wherein the pul se width of said conditioning potentia

ranges from about 100 nanoseconds to about 500

nanoseconds. 71. A resistance variable nenory el enent

conprising a first electrode; a first chal cogeni de

gl ass | r electrlcall coupled sai

el ect r% - The esistnge vps; 6&&%% % ”&%%t 9 zfgaé‘Fl %%‘?’h%rﬁind

first chalcogenlde gl ass layer; a netal,6 containing
saidapemn] batradn bacchdsia dickanss csfeldvond‘éc@’ﬁaﬂ.cogeni de gl ass
| ayers; a nmetal |ayer between said first chal cogeni de

gl ass @y efh@fyglst?ﬂcg VRRIGL nfRid:$icdlidiéht Y@dim ANSwRercin

second el ectrode electrically coupled to said second
hal c enlde Iass | ayer. 72. The resistance variable
Smaéﬂﬂﬁﬁ Péﬁé% Iof claim61, wherein said netal
containing layer is a silver-chal cogenide |ayer. 73.
The r e87 st Hnceesistanicalvhigable mumyony|céameent affclaimay by whgrein
wherein said netal containing |ayer is

sala' Vel fggﬁﬂdgeglasZ‘ﬂa yed B8d 588 's%@%a{b@?kﬁﬂk%liﬁﬁ MRy each

 ement of claim 71 wherein said ne contai ni ng

hawﬁeﬁlﬁ&%s B o T Ok EIBAA Chal cogeni de gl ass
| ayers. 75. The resistance variable nenory el ement of
cl ai m 7., Theresistance variable memory element of claim 71, wherein
said first chalcogenide glass layer and said second chalcogenide glass layer
comprise a material having a formula Ge,Se, ., where x = 17 to 43. '

79. The resistance variable memory element of claim 71, wherein
said first chalcogenide glass layer and said second chalcogenide glass layer
comprise germanium selenide glass having a stoichiometry of about Ge,Se,.

80. The resistance variable memory element of claim 71, wherein
said first and second electrodes are selected from the group consisting of
tungsten, nickel, tantalum, aluminum, platinum, silver, and conductive nitrides.

81. The resistance variable memory element of claim 71, wherein
said first chalcogenide glass layer comprises silver-doped chalcogenide glass.

82. A method of forming a resistance variable memory element

comprising the steps of:

forming a first electrode;
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said nmetal containing |layer has a thickness of about

470 A. 76. The resistance vari able nenory el enent of
wa@bk@smisly wherein said netal |ayer is silver.P@UUST®009957

resi stance variable nenory el enment of claim71,

wherein said first chal cogeni de gl ass | ayer and said

second chal cogeni de gl ass | ayer each have a thickness

of about 100 A to about 1000 A. 78. The resistance

vari abl e nmeno el epent of aim 71, mhereln said

first Eqﬂmleggé%ﬂcfél algpgerid, F@iéé? laygielegrigallyeeqsmled to said first

chal cogeni de gl ass | ayer conprise a material having a
eldcaiodd] a GexSel00 x, where x = 17 to 43. 79. The

resi stance variable nenory el enment of claim71,

\Qgggﬁljﬁ)cﬁﬁhgoge% &E?A ?9 Hﬁﬂﬁ%s% %?Yé@g{eﬁﬁggﬁlﬁ?g&mk

sel eni de gl ass haV|ng a stoichionetry of about
glasplyss60. 80. The resistance variable nemory el enent

of claim71, wherein said first and second el ectrodes

are sefmeiieg afmenl ¢digaigirppyadnswaen sad dfsttandgsten]

ni ckel, tantalum alum num platinum silver, and

chﬁgﬁgHﬁHé§£m9k1£&des 81. The resistance variable
nensr

Fement of claim 71, wherein said first

chalco eni.de gl ass | ayer conpr.i ses ver
chal col¥RIA8 2gp laygsrbetweer sig glrséfcflp.llépg@rH e g?ass layer and

resi stance variable nmenory el enent conprising the
saislitrapsl obntafrongiaggr garfd r st el ectrode;formng a first
chalcogenide glass | ayer electrically coupled to said

first é gflée&%ue%l&tﬁ; eéuﬁﬂaaltsgaa%é&cgl ass

| ayer over rst chal cogeni de gl ass | ayer;

chalcogenide glass layer.

83. The method of claim 82, wherein said metal containing layer is a
silver-chalcogenide layer.

84. The method of claim 82, wherein said metal containing layer is
silver-selenide.

85. The method of claim 82, wherein said metal containing layer has
a thickness of about 1 to 5 times the thickness of the first and second
chalcogenide glass layers.

86. The method of claim 82, wherein said metal containing layer has
a thickness of about 470 A.

87. The method of claim 82, wherein said metal layer is silver.
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formng a nmetal containing |layer between said first
and second chal cogeni de gl ass | ayers; formng a netal

wo agsrnotses ween sai d first chal cogeni de gl ass | BgEUSENH009957
said nmetal containing layer ; and formng a top
el ectrode electrically coupled to said second
chal cogeni de gl ass | ayer. 83. The nethod of claim 82,
wherein said netal containing layer is a
silver- chalcogenlde | ayer. 84. The hod of cl aim 82,
wher ei§8.sdiht methad ofahiin $-igh qrﬁlﬂﬂesﬁu éfst chalcogenide glass’
silver-selenide. 85. The nmethod of claim82, wherein

lay éﬁirﬂi SRl aécoﬁarthalcagagdé ales lahascaah thhve k nkckneab ofibborgt 100
to tinmes the thickness of the first and second

gl ass layers. 86. The nmethod of claim82,
$PEEE%QQ?§ nmetal containing |layer has a thickness of

about 470 A. 87. The_ nethod of c]ai 2, erein,sajd
met al %y érhg methqd eficlgp 8 %h‘@hfrféwgl g’fst 6@%&%&* gfass
wherein said first chal cogeni de gl ass | ayer and said

laysieganshid badondgtialcdgegiiagbast hyer canphisdamataia haidkgess
of about 100 A to about 1000 A 89. The nethod of

I S fix st chal cogeni de glass |ayer
forﬁl 8%1@écon§ % qqoldd

al'cogeni de gl ass |ayer conprise a
Z%t 65' 30 b of Tma t WOSICH I AP CHEORFdY el
chal cogeni de gl ass | ayer and said second chal cogeni de
layet @5 sdidyeioncariptdogenide rghms layer sehprisadgergiangsn selenide glass
having a stoichiometry of about Ge,,Seq.

91. The method of claim 82, further comprising the step of applying
a conditioning potential across the memory element structure.

92. The method of claim 91, wherein the pulse width of said
conditioning potential ranges from about 100 nanoseconds to about 500
nanoseconds.

93. A resistance variable memory element comprising:

a first electrode;

a first chalcogenide glass layer electrically coupled to said first
electrode;

a second chalcogenide glass layer over said first chalcogenide glass
layer;

a metal containing layer between said first and second chalcogenide

glass layers;
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having a stoichionmetry of about Ge40Se60. 91. The
met hod of claim 82, further conprising the step of

wappksdrsgo a condi tioni ng potential across the PEVIB3005/009957

el ement structure. 92. The nethod of claim91, wherein
the pulse width of said conditioning potential ranges
from about 100 nanoseconds to about 500 nanoseconds.
93. A resistance variable nmenory el enent conprising: a
first electrode; a first chal cogeni de gl ass | ayer )
el ect rd st nyeteldaydrédetvecrsaidifinst fhalcegaids slss lagergadsaid
chal cogeni de gl ass | ayer over said first chal cogeni de
m&hB&hohiadRy layd; met al containing | ayer between said
first and second chal cogeni de gl ass | ayers;a first

metal |ayer bet n_said f.ir C i ge )
| ayer %0 Oggifacﬁ%@@é{ r %‘bcﬁts%firﬁ?gnoél $%%C?%%§id§e%%ﬁzmn&%d
| ayer over said second chal cogenide gl ass |ayer; and, a

seconda sdcoptredeterasicedeqtiicaly (cpuplsd gpeaid seand ahale S

chal cogeni de gl ass layer. 94. The resistance vari abl e
gl A TRED, el ement of claim 93, wherein said netal
containing layer is a silver-chal cogenide |ayer. 95.

h ' i e .
aner o1 araar B Ret el Syl Ao £ B & AP S Horein

silver-selenide. 96. The resistance variable nmenory
saig| raptaheonspininglayeos 2 sfier diafrogenide layer.

95. The resistance variable memory element of claim 94, wherein
said metal containing layer is silver-selenide.

96. The resistance variable memory element of claim 93, wherein
said first metal layer is silver.

97. The resistance variable memory element of claim 96, wherein
said second metal layer is silver.

98. The resistance variable memory element of claim 93, wherein
said first chalcogenide glass layer and said second chalcogenide glass layer
comprise a material having a formula Ge,Se,.,, where x = 17 to 43.

99. The resistance variable memory element of claim 93,'Wherein
said first chalcogenide glass layer and said second chalcogenide glass layer
comprise germanium selenide glass having a stoichiometry of about Ge,,Seq.

100. The resistance variable memory element of claim 93, wherein

said first chalcogenide glass layer comprises silver-doped chalcogenide glass.
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said first netal layer is silver. 97. The resistance

vari abl e nenory el enent of claim 96, wherein said
waewsnadisaet al | ayer is silver. 98. The resi st anCEUS2005/009957

vari abl e nenory el enent of claim93, wherein said

first chal cogeni de gl ass |ayer and said second

chal cogeni de gl ass | ayer conprise a material having a

formul a GexSel00.x, where x = 17 to 43. 99. The

resi stance variabl e nmenory el enent of, ¢] aim 93,

wherd®ln saifinfathed of friming éﬁF%ﬂ%ﬂ@qCa%laH&f@Fmé)ﬁﬁa clegyegt

second chal cogeni de gl ass | ayer conprise gernmani um

Conqwggggnide gl ass having a stoichionetry of about

Ge40Se60. 100. The resistance vari able nenory el ement

of claim293 Lel id first chal cogeni de gl ass

Iayer%§835¥5%§%?§§F€8§$ﬁoped chal cogeni de gl ass. 101. A

met hod of forning a resLstanc% var i abl.e nmenor elegggé

conpr ifermips # Brekhycegamide glags lavar clagrically crpRls dfospidgiirst

chal cogeni de gl ass | ayer electrically coupled to said
cletirbgé; el ectrode; form ng a second chal cogeni de gl ass

| ayer over said first chal cogeni de gl ass | ayer;

form . A =k ' enide

and s aoaRiEEh QeoBaThALBEORIL BXPL LS RF Sulltee: dolcaid

netal |ayer between said first chal cogeni de gl ass
glasglpger; and said metal containing layer; forning a

second netal |ayer over said second chal cogeni de gl ass

| ayer ;foamihg a metal containing layer between said first and second

chalcogenide glass layers;
forming a first metal layer between said first chalcogenide glass layer
and said metal containing layer;
forming a second metal layer over said second chalcogenide glass
layer; and
forming a second electrode electrically coupled to said second
chalcogenide glass layer.
102. The method of claim 101, wherein said metal containing layer
is silver-selenide.
103. The method of claim 101, wherein said metal layer is silver.
104. The method of claim 101, wherein said first chalcogenide glass
layer and said second chalcogenide glass layer comprise a material having a formula

GexSel00-x, where x = 17 to 43.
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formng a second electrode electrically coupled to
sai d second chal cogeni de gl ass | ayer. 102. The net hod
wobooshaisae 101, wherein said netal containing | PBgEUS2085/009957
silver-selenide. 103. The nethod of claim 101, wherein
said nmetal layer is silver. 104. The nethod of claim
101, wherein said first chal cogeni de glass |ayer and
sai d second chal cogeni de gl ass | ayer conprise a
mat eri al having a fornmula GexSel 00-x, where x = 17
43. 10%. TheThentsbodpf elin kLo wheigha paifl Arsshalopepgie Blass
chal cogeni de gl ass | ayer and said second chal cogeni de
cr AHASR1 dcR¥ 8l cRABR A glassTayrwongelse piedaagiuas sclhdde ghsa
lay st0|ch|onetry gggabou?ﬁce408e6o 10? The net hod of

m.101, fur ng the step of applying a
hw““%%ﬁ%???%ﬁ?ﬂﬁ 68?§uﬁé£¥@%é§%ss the menmory el enent
structure. 107. The nethod _of i m106, wherein th
pul sE0& dt hThe meshad ebekain 1o %& {COMRTISNG SKGEeP PF om
about 100 nanoseconds to about 500 nanoseconds.
applying a conditioning potential across the memory element structure.

107. The method of claim 106, wherein the pulse width of said
conditioning potential ranges from about 100 nanoseconds to about 500

nanoseconds.
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