PCRAM ARRAY STACK [0001]This application is a continuation-In-part of
U.S. Patent Application No. 10/120,521 idled April 12, 2002, which is a
continuation of U.S. Patent Application. No. 10/077,867 filed February 2,
2002, the contents of both being incorporated herein by reference. FIELD
OF THE INVENTION [0002]The invention relates to the field of random
access memory (RAM) devices formed using a resistance variable
material. BACKGROUND [0003]Recently resistance variable memory
elements, which include Pré§gramiabliei@ondictivé-Random Access
Memory (PCRAM) elements, have been investigated for suitability as
semi-volatile and non-volatile random access memory devices. A typical
RPGRANM. devicelissdisglasehin b «: RatentNon 6:348.365 10 [dopre-and
Gliton. In typical PCRAM devices, conductive material, such as silver, is
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bem fighr vepistaadenstatie. By weitsoperation programs the PCRAIVI device to
a lower resistance state by applying a voltage potential across the

chakornicie material. | ﬁ%@w%%w%ﬁ{ame state can
remainiintact for an indéefinite period, typically ranging from hours to
weeks, after the voltage potentials are removed.. The PCRAM device can
bedfldned to TS highemesistamesstateisyfmipligrdeversesmsimgaory (RAM)
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[0003] | Recently resistance variable memory elements, which include
Programmable Conductve Random Access Memory (PCRAM) elc@cnts, have been
investigated for suitability as semi-volatile and non-volarile 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 chaicogenide
material can be programmed to stable higher resistance and lower rcéistancc states.
The unprogrammed PCRAM device is normally in a high resistance state. A write
operarion programs the PCRAM device to a lower resistance state by applying a

voltage potendal across the chalcogenide material.

[0004] The programmed lower resistance state can remain-intact for an
indefinite period, typically ranging from hours to chlcs,b after the voitage potentals
are removed. The PCRAM device can be remarned to its higher resistance state by
applying a reverse voitage potendal 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 potental is removed. In this



way, such a device can function as a resistance variable memory element
having two resistance states, which can define two logic states. [0005]A
PCRANI device can incorporate a chalcogenide glass comprising
germanium selenide (Ge"Seimx). The germanium selenide glass may also
incorporate silver (Ag) or silver selenide (Ag,Se). [0006]The amorphous

nature of the chalcogenide glass material used jn a PCRAM device has a
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gl hange {r ired amorphous state to a crystalline state. .
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. BRIEF SUMMARY OF THE INVENTION [0008]The invention provides a
INEQIRRFALE JHTAbiShenTYRs eistrideafigSfibthod of forming a resistance
variable memory element. [0009]In one embodiment, the invention

prooieiesja memote elemgiHAaviagualAshe e a2 SIVRLSEIENIR used in a

(een a first chalcggenide glass layer and a conductive adhesive layer.
P e A e RGRIIER also e Eremaibgeida etisicyefhus,
iddesrsiaskaf ke comprsing.aifissiahale ﬁﬁ?éde&&i'ﬁe%??éé% Bentrol of the

silver-selenide layer, and a second chalcogenide glass layer are forme
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conductive adhesion layer. In another embodiment, the memory element
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BRIEF SUMMARY OF THE INVENTION

[0008] The invention provides a resistance variable memory element and 2

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 l;aycr
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.



characteristics. BRIEF DESCRIPTION OF THE DRAWINGS [0010]The
above-discussed and other features and advantages of the invention will
be better understood from the following detailed description, which is
provided in connection with the accompanying drawings [0011]FIGS. 1-7
illustrate cross-sectional views of a memory element fabricated in

accordance wy ﬂﬁpf } eﬁﬁg fﬁ? ,&;VCH g% t stages of
processing. %@@%ﬁﬁustrm&%ﬂﬁ@-sec ionalview aPsn memory
elgiodntas shoWhdnbite-dishasidgadpheesssing:suhgeatantiednat the

. shown in E|G. 4. [0013]F]G. 9 illustrates a ¢ross-sectional view of a o
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prefage PP EsRRINES RS BUER AOH IS oW ARG 4- [0014]FIG. 10
illustrates a cross-sectional view of a memory element in

[0011] FIGS. 1-7 illustrate cross-sectional views of a memory element
fabricated in accordance with an embodiment of the invention and at different stages

of processing.

[0012] FIG. 8 illustrates a cross-sectional view of a mcmofy element as

shown in FIG. 1 at a stage of processing subsequent to that shown in FIG. 4.

[0013] FIG. 9 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.

[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 m 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 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
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accordance with another embodiment of the invention. [0019]FIG. 15

SRt SIES ARMFSEF Sy taNrRROhg Bhntnsonpeimentsnacderaindwith
suftEJOMANIOIhable those skilled in the art to practice the invention. It is to be
understood that other embodiments may be employed, and that various structural,
logical and electrical changes may be made without departing from the spirit or

scope of the invention.

[0021] The term “substrate” used in the following description may
include any supporting structure including, but not limited to, a semiconductor
substrate that has an exposed substrate surface. A semiconductor substrate should
be understood to include silicon-on-insulator (SOI), silicon-on-sapphire (SOS),
doped and undoped semiconductors, epitaxial layers of silicon supported by a base
semiconductor foundation, and other semiconductor structures. When reference is
made to a semiconductor substrate or wafer in the following dcscfiption, previous
process steps may have been utilized to form regions or junctions in or over the base
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,
.sx5¢. Though not being limited by a particular stoichiometric ratio between Ag
and Se, devices of the present invention typically comprise an Ag, , .. Se species where

x ranges from about 1 to about 0.



DETAILED DESCRIPTION OF THE INVENTION  [0020]In the following
detailed description, reference is made to various specific embodiments of
the invention. These embodiments are described with sufficient detail to
enable those skilled in the art to practice the invention. It is to be
understood that other embodiments may be employed, and that various
st l, logicgland electrical changes may be made wjthout departin
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[0027] The term “chalcogenide glass” is intended to include glasses that
comprise an clement 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



memory device or element which is capable of maintaining its memory
state after power is removed from the device for some period of time.
Thus, semi-volatile memory devices are capable of retaining stored data
after the power source is disconnected or removed. Accordingly, the term
"semi-volatile memory" is also intended to include not only semi-volatile

memor devices, but alsQ nan-volatile evi and those of lpow
vé’ H{ellty a["t?&z%‘ﬁ% E%rr%esrsfgﬁ gﬂ §anabl %\;‘fg éﬁ‘ % fc)nown
depdside shalengarnidectlasspacaithaicaaenies ApeiaspeRiRbsINEWD), plasma

metal, such as silver or metal ions. For instance, the term "resistance
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selenide layer, and non-doped chalcogenide glass. [0026]The term
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example a silicon substrate. It should be understood that the memory
of the {nvention can be ed over a variety of substrate
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ceramic or polymer-based substrate. The insulating layer 1
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vapor deposition (PVD). The'insulating layer 12 may med of
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(Si2N4), ora low dielectrie constant material,. among many others.
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chalcogenide glass layer 17 can be germanium-sclenide glass having a Ge,Se ;.

stoichiometry. The preferred stoichiometric range is between about Ge,,Se,, to
about Ge,;Seq,; 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 approprietc ratios,

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



illustrated in FIG. 1. The first electrode 14 may comprise any conductive

material, for example, tungsten, nickel, tantalum, aluminum, platinum,

conductive nitrides, and other materials. A second insulating layer 15 is

next formed over the first electrode 14. The second insulating layer 15

may comprise the same or different materials as those described above

ith.reference,to the.insulating layer 12. [0030]Referring now to FIG, 2, an
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layer 15, to fill in the opening 13, as shown in FIG. 3. [0031]According to
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deposited on the surface of the first chalcogenide glass layer, 17. When a
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[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-



containing layer. For instance, suitable metal containing layers include
silverchalcogenide layers, such as silver-sulfide, silver-oxide,
silver-telluride, and silverselenide. A variety of processes can be used to
form the preferred metal containing layer 18, which is silver-selenide. For
instance, physical vapor deposition techniques such as evaporative
epqsition and sputtering may be used. Other processes such as
S‘%rg -ca@aepw&@&o%#ﬁ - A HPEARETY SRR atiges dpn of metal,
surdlapiumabeverlaver Afsilventorfarme silvswselenide laver sap.also be
used. [0035]Preferably, the thickness of the metal containing layers 17, 18
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otfii¢fegrotiptd R:Hicmkmye mndronmdbreptgid dianihe first chalcogenide glass
layer 17. When used as a diffusion control layer, the second glass layer

2 ompri iSe (silicon-selenide), AsSe (arsenicselenide, such as
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thickness is greater than the thickness of the second glass'layer 20.
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21, The second glass layer 20 preferably, has a thickness between_about
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now to FIG. 6, a second conductive electrode 22 is
[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

8



formed over the second glass layer 20. The second conductive elecffode

22 may comprise any electrically conductive material, for example,

tungsten, tantalum, titanium, conductive nitrides, or other materials. Thus,
advantageously, the second glass layer 20 may be chosen to

considerably slow or prevent migration of electrically conductive metals,

ucf]das sf% er, through the resistance variable memory element 100. .
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ictures fabricated over the substrate 10. Conventional processing steps

can then be carried out to electrically couple the resistance variable
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anc?21 tﬁe Ssecon gclastss é%c} .W['E)éﬂ n&aé‘(iordance, with another
embodiment of the invention, the first chalcogenide glass layer 17 may

cotfPfdd a plurdiiy dhicgerss off alshalcogenideaniass Inyaterld, 39ch asch that the
¢ pjum:selenide. The second glass layer 20 may.alsp comprise a

SN Tl gt e 20 Dy Asp conRise e
cealisedlio donkpasedhienbrftahdiahopititielglghssi@yer 17 anHerhsl thickness of

secon%gl}aas Ia¥§r 20. | )
the combned 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. Itis 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.



However it is to be understood that the total thickness of the metal
containing layer(s) 18,19 should be thicker than the total thickness of the
plurality of chalcogenide glass layers 17 and additionally the total
thickness of the metal containing layer(s) 18, 19 should be thicker than the
total thickness of the one or more layers of the second glass layer 20.

i’f gLy a rafﬁ9&&%@&&&%&5%&9Eﬁ%&@&%‘%}%%ﬁ{a&?iﬁ& '&X%Hﬁ&}gmc first

to theé total thickness of thé plurality of layers o cogenide glass
chelbegenste ghwsidydr didrainoaomprisdsopmeterabfilaveatiofof theltoigdnide glass

thickness qf the metal .containing,layer(s) 18, 19 to the total thickness of .
S o s AT e SR o 2 D8 ST el AU B rompris
- a phar-abouiflaye (0044 Raseringrialy tadylnithblk aecakkRNRWER angiberused to

embodiment, of the invention, gne or more of the chalcogenide glass
C%@%ﬁ?& ?ﬁ&@%@@ﬁ@%ﬁ@dﬁv@%& HopaAt, %’uéhca%c%{)ﬁfé%%f’s layer 20.

Erwieablyisives. RO4SHRaecalsense with anatheresrbadiment 5 Gining

invention as illustrated in FIG. 9, which shows a stage of processing

lageKseddeht thendd Ssowic ke rimnthedamishiskiayre refftrmplitadtwedn

| r [ lternating,layers of
e e B e el
couginingekiratiky irfstaPcdmtaidihg knickds glivetsetenidehikksowAdie one or

FIG. 9, a first chalcogenide glass layer.17 is positioned over a first .
SR h O SR SNy E4 AR BHE Pbgar i dickacss of
tizhaleadenisiaiglagsliayel 1139 Becontehalspganior @lassayRtblifySf layers of

positioned over the first silver-selenide layer 18, a second silver-selenide
Cﬂé@f&%ﬂ@&%&%ﬁé&’é@&%ﬁﬁé@@% ralchrdtabRRidk biadbmyrieerably a ratio

ofhitd &k@k%@ﬂﬁ@s%@Sﬁl@ﬂtﬁgoﬁtmngqurSthﬁ%mgtotal ickness of

silver-selenide layer 118, a third silver-selénide layer 218 is positione
theyelumbithptileyeicof dhtdieetass gl ity 28nd befowrtn chalco§enioel about
1§Igss layer 317 is positioned over the third silver-selenide layer 218. The
second conductive electrode 22 can be formed over the fourth
chalcogenide glass layer 317. [0046]In accordance with this same
erf%‘égrhent, thBefrergynelerhe Ao compsedaaceastivaootstakmbodiment

£afaini ers 18, 118 and.at least three chalcogenide ers 17,
o e R P R Lo o e
dopeyl conhpridepapty salify of alteendtipgelayeslafiebalcogenide glass 17,

117, 217 and silver-selenide 18, 118, so long as the alternating layers

st gh a first-ghalcogenide glass layer, e.qg 17,.and end.with.a last.
cifgltg\%gznide glass %c))%?r?%c.& AW h&ﬁ{ec?ﬁé 8&‘&%%@8&%5 GRS
illosnteretinig EF@SQelghﬁmdﬁxg%adﬂ?IahSpfmd@@gg?@&e@fﬁsﬁ?&ﬂmt shown in
ntacting a secand electrode 22. The thickness and ratios of the
Fﬁ%eﬁé%?ﬁgﬁ%‘%‘ei’g Bpshy &piaa éfé‘i%?fﬁs‘% 5asg and weare snaedagay
intfdel fichindd 1 He:le sane ssHigsgihgd aboye, imthagihe, 4 e

silver-selenide layers 18, 118, 218 are preferably thicker than connecting
CHAlEHB e Yy ssliAfersl B7, Aidesrableamrid sontmmnpdayerds sibvorselenide.
Avshand abes1d silver-selanide laver & Lpganneeied

chalcogenide glass layer 17, f%c, 217,’%1,S%%%%IzlrlrzgolrS Srsérbeor% $yq678fv%eiierr%t
cletroodg B4 afisesilwilveriseldnidgdalérid §otitRyRiBdeccahadetedhalcogenide

chalcogepide glass layer,17, 117, 217, 317. [0047]As shown in FIG. 10, in
B S oAt o e BB BLEIBST ordh Ay BiaBIeE ega e o
sileorvaifinigieriagerials] 8, #t8nausivassellveitseloride] S1ybeideRASIRE: the
between the chalcogenide glass layers 17, 117. A plurality of
St A H TS Ty DS R RS R 21716, o
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-selebi@e 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 plurality of thinner layers of a chalcogenide glass material,
such as germaniumselenide. Any suitable number of layers may be used
to comprise the chalcogenide glass layers 17, 117, 217, 317. [0049]In
another embodiment of the invention, one or more of the chalcogenide

lass layers 17, 117, 217, 317 may also be doped with a dopant sug a
P o S D R R IR TR A pctetide Tafer 218
isohednogerids gtass ieyed dutbogetayeskly 1igSRILE! 4aPaFiadB\@hR ogenide

ilver selenide layer, such as layer 418, the energetic nature of the
g@aﬁ@ﬁﬁ&b?dé@gs%%yf@aagerﬁ&ﬁ&mﬁm@ws%%le@m%éﬁpoﬁa}@dcwnd
cimadbavehaleoasnide dasHlarsimlQPSIP BYIogR canSHMEin ARRO IR Ger 317

the embodiments of the invention, particularly those having a
sil{z&)— enide layer (e.g. layer 18) disposed between two chakogenide

gl rs (e.dRIAFEPEIRACS YR S SRS VeR bRsimep retbafiapnaery clement

1 00 ESRIBERRPGHRIIDRASE ﬁyﬁwﬁmm%%wmy PEYICES: FHERE three

devices have also shown data retention for more than 1200 hours at room

chalrperaideestsrcaeichg, SWilcral plisevandth it lssothan 2 dersmset drdshe

r i S| variable.memory elements of th iar art .
P T e B R R P A Oenice
glasadsrianca Witmerier setabittih®nl b8 fhe pragent thveitéenaging layers start

similar to the, first exemplary, embodi t, a silver layer 50 is provided.
3 E9e tecéé%é’,%&%ﬁaé@gﬁ?éf fg&%@?&%?%@g %ﬁﬁiﬁ%ﬁég@ﬁeﬁiﬁdﬁ glass
lapyere 39 Bltheritiavielenseovenlbhspsivas Byey 13P-and AclenslertedeRdSde 14

provided over the conductive adhesion layer 30. The silver layer 50 may

apd (s3skebplrrgcmEd s 8lsh Ry <ORIERDE Bywseynd staaoftedds, Bach
tHRSISRUIGHAG-RIRIBIRgderhnigees. includingelectroplatingar ﬁ'%gt@ﬁ%nd

plating. The desired thickness of the Silver layer is about 200 A.Slita
chalgegenidogtss dgnddctivl 4dRdSiamdahiesimotude dowadbetiebmateitalbar the

-capable of.providing.g sion between the silver layer 50 and the
S]t%%k?%%%ﬁlg o Tyer ﬁ%%ﬁ?rga%%earrﬁé)t’éer%%%r éfé%rn%ﬁgi%nﬁmn
clayerghidelgides dhpdeof@nitlErg253e s Iy topcieatsaskbe2isdhendormse and

over the conductive adhesion layer 30. [0052]The chalcogenide glass
al?éﬂ}]éré ‘Ef’%ﬁfaﬁﬁﬁ%‘ ?Eﬁﬁ%’ )ﬁS, 2'1% to c]onncc:tcd ck?alcogcn?dc 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, ata
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

11



embodiment can be germanium-seienide glass having a Ge,Seloo,x
stoichiometry, where x ranges from 17 to 43. The preferred
stoichiometries are about Ge20Se30 to about Ge43Se57, most preferably
about GeoSe". When the glass is =doped, the first and second
chalcogenide glass layers 17, 20 preferably have a thickness from about
t 1000 A and more preferably about 150 A. [0053]The metal
i %%nta n%@%géé?rl ygésh%?ea;gr%lfi §8%8 ét}r‘%’%ﬁ (%%F&fﬁ?haul 12 V=6
séistatce Asyyitaiitebieaiahcontaifilaglayery 18 nddde siverehalepgenideogenide
ia rs suEﬂ;ai I1%(\?/09"5;&@ %de, silver-sulfide, silver-oxide, and
& %‘f&l?ﬁ%ﬁf iche i oﬁfg s. A desirable metal containing layer is
silver-selenide. A variety of processes can be used to form the
silVe@b42lenide hetal ebriatnirigyerifftbeinstancen pbysical ¥aperof the

positian technigues evaporative depositjon and sputtering may
R AP RO dch 2ol AR 256t CofOBRTALS 2 dopank such
aSQ-@AIORAIRA O FleRQSING B3y o AheRIRNBIT SRAVEN R RIS SIMEE JPenide
form silverselenide can also be used. The metal containing layer 18 can

ehhssdnn suehosilney drehtd TRRHhaaR b thelliet sehenédedmgr, such as

1ffpleegenide glassdayers A7 208N IR RERTE" ALQ, & [00RAITRE

E%Ep and bottom electrodes, 25, 14 cgn btegfggl% @?#53{):%\%' r%%lltlgcr:iél,s Slc proount

oad\guty bremcematared almitemhplatigemtsiples, lagaductive nitrides, and
others. The bottom electrode 14 is preferably tungsten. The top electrode

ggg]@o@@fefab'ym&&gﬁs@&%@aﬁgg&% Q033 &ggaﬁucti\;seof e

esion layer 30 may be the same chalcogenide glass material used in

inventierapa edeny thededyemige gites isslersdtaper diseuispe AB)\dsposed

this case, th nductiye gdhesion layer 30 can he farmed by sputtering
R S SR e i Y i 88 o UL o e emory
réraniparaietwiie Zeehealsoge Atenatassdayenveneid SRURHISRHOSHAE0Ver hese
a silver selenicle layer as described above, the eneﬂgetic nature of the

dEPIGRERAY (RSB TR AR TSE R IR AP TG RSHY AP thh that Sasp
By B e, b@ﬂ@%ﬂ@@%@@fpﬂ;@g@mwg las5 AANRSIR LAVR Bpared

Thus, the top electrode shorts to the chalcogenide glass adhesion layer
With dapeshiFsSEUHEUIENAD sathciepryt e Topnatedfitbdetiother fitdtaglssisch at about
1@%%35%%@%%%9. thickness of a chalcogenide glass conductive

adhesion layer 30 Is about 100 A. [0056]Use of a conductive adhesion

layer 30 between the silver layer 50 and the top electrode 22 can prevent

pedIRRILf the topseleerada 23 endtbritt derindauisseithenqivoessihgdiment of
a3t hotoresi IpRing. Electrode 22 materials,.including.
e R R RS sy v 50
Isguiosrdadelbtysitherstayerd S0abtwivarithglshbwer BOTIA. ddndh@dtive adhesion
xagwle, adhesion petween her%gél yers 50, 22 may be insufficient to

e
L S e BE S VER P I A ASAS T DB (OB e SRHRF R e i grovided
ovsvaidreosh dueirdrihing silyeedaer I ane thusgosing elecligab SORtatver

with the underlying layers 20, 18, 17, 14 of the memory element 100. Poor
R BERSdAT e rRBirotEDE dnerite WshatyiPtame 9t abyiagt
dAEIG20; HRnidin clrical AEE9 e problems and.;
‘ unre%%le switchinégdec%%%au tepl[rtié%g’ce:{:)(?:E ég%%@ a((g %c%[gﬁ%:}gveag?r%dﬁ? r?él 8%/{;% fcss of
theasilgebresialpp elimiitfthiS problemafoosiE|As discussddabeveiussaflayer

0GR contalning lrarlx)é\ IShE ’c%B%BI? f providing good adhesion between the silver

layer 50 and the top electrode layer 22. Desirable materials for the conductive
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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
N nditionin }t@p aﬁ&ter formation of the memory element 100 %ZIG 1).
AR RO B QESS i SES a0ttt 4 s ormed
otke rhemenydelementistsusius d:08uch that silver selenide from the silver
selenide layer 18 is driven into the first chalcogenide glass layers 17,

formi conducting channel. Moyement of Ag+.ions into or out of that

ch&ﬁ%iausesl‘gjﬂco ﬁ’gggfé{g%ésﬁﬁaé'ﬁé%lfgr Wt srycanaient
¥ dilie prise Widi.anthampikiee; are il galRasanttels of theichiometry,

conditioning potential, which r(\i(‘enerally has a Iong:zr pulse width and higher

WACHATIISESR A AR pit4P fotentiaf RISEECE SpSRamE Wi o ablericAeoScy to
albdter @;E‘i %Q?dilt}%. éf&Qbi?%HEﬂP%X eﬁi%noceWIgchotH%a%ﬁ(%% %Fvgré%%%ed the first

program?necf,’provi e that some silver mové&d into the co nél

agd ipeposheinbriagnidosbiwhenrsilér B gpueftenblydirectly thitiness from about
1 @)vg[-%eé%ryg wgglgmag@tion of silver g& th% silv%ﬁt}&er 50/silver-selenide
st oG pretia Rl aB v

ayer 18 interface may occur g oSifion: silver agglomeration
can cause subsequent processing problems during operation of the

méRfth kell 100 ysmonhecmidogenibisalassiaybe 20ybetivesie thetslventaining

r 50 and.the silver-selenide layer 18 can prevent silver agglomeration
H%)g‘r%/%%g'sﬁ allégsgﬂﬁce’ 5}1‘\’/%?3%(9 eﬁ? eﬁg%%%(%%ﬁlﬁérﬁ%fﬁé%%ﬁ Miplary
claitoprtinidetofiisyrieassilinyerliandan sideitionalsilverdaysi 4o, 6aa bver-

ggfé‘(,)‘??ited between the Joywer chalcogenide glass layer 17 and the silver
wilEaTpeRE psr e RGO PR ARy ERsBifc. A
va¥yast Husteated danie uded €8 Wﬂﬁ%@sﬁﬁr%ﬁ%ﬁi@&g@ﬁ%m% layer 18.

17, a first silver layer 40, a silver-selenide glass layer 18, a secon
Fenareigantdelyrsisal sgpprdcposiiondesivaigizgeush ancepduative deposition
- ToLaT= T AW [ W to, t layer 22. Addition of the first silver. i
Iayé? 40 mi miggs{? ?Sgﬁ'{h p%t%%; g’%%%l%ég Wit tﬁso?q}ﬁ%}%éﬁﬁ?oorﬁr%{gc posttion, co
cygtertiz nesdig griongoavajter arfts drasempdrationsayeaydisiiér 18,3 silver-

2..50', and .30 can be, of the same or similar materials as in other _
Seé?nﬂtl)o% ien goog %S?;]%\'/etrlfglgnr%%t AP ED éiﬁ"i‘ﬁ’a grat 1 to 5 times
gfaathetinarehdhbibksicehafoegeidegldse dayer chalbbae i@ dapelyers 17, 20
chaIcRc/)%?ni e glass. Far example, the first chalcogenide glass layer may
gl SRR RER Adeide. [0060]In accordance with this embodiment

of the invention, a conditioning step allows silver selenide from the silver

seloosie]layer 18lie bspinsdrpotated BRI st shalcegende Hasshayetive
17. Deposition of the silver selenide layer 18 over the silver layer 40

MRLEHRS THERSAYSHREHHid SRS e 1 5aiEse Rinfsrugensiivers sprstudtie

it SeIRNCIBMOre gativHREQARIAIER INQ 1h O?Jé@f&gm&g@g& O3S o
I As a result,

layer 17 under the influence of an applied conditioning ulse:
clgearegsdioninte furdicampsive s hontehpulséinddth and lower
amplitude, effectively speeding up the conditioning process. [0061]The

firsogthear layer 48 My A AR UMelY B 10 CORMPRIS AL B me 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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second silver layer 50', in order to prevent an excess of silver from being

incorporated into the lower chalcogenide layer during conditioning, which
can shorten the life of the memory element. The first silver layer 40 has a
desired thickness of about 35-50 A when the first glass layer 17 is about

150 A [0062]As shown in FIG. 13, in accordance with another

chg%%%%:ﬁ%st@%&r Gl é%ﬁ?gég%%ﬁﬁgicf%@g‘g%}% i f%f?él‘é‘%‘ngi;c‘g{lggg as

silver layer above a chalcogeni
 defgydretizabidwes thaeeanrgeyie lpment 30thaspitlustriate ¢ todebSmky, cause a small

i first chal ide glass layer 17, a silver layer 4Q' .
<R Chioh e SR TR Oh T LA i aREEg e e ecgggide
gladepielesoRedage. 2Phin ateaisinarawiidhiserbodinentridhenide glass

invention, a conditioning step drives silver selenide from the silver

adBeRloRE TSy S V1 STFRBIAE HRLHEIRGRHE gRsDRer trcEssisitg the first glass
laye@nadrictive.channal JRA6-IASBRNM 1 FlfFdl 4IRAGGRIARACE Witksion layer 30

~another embodiment of the present invention and similar to the
is alpoiysdifi@At shown in FIG. 13, a sliver layer 50" is provided above the
second glass layer 20. The silver layer 50' may be deposited over the

;F@@Q@ lass laygt 20 Dy SHIRQIEHNEN S B SRREATRG Qiver layer 50

ating fechniques, including electroplating or électroless plating. The

andetdiecep thidkepiaod oL theasilperviayepisiatpof 200 wpiclopreide?ddem@R sl during
rmed aver. the silver layer 50'. Thus, a memaor ment 400,as . .
i P B PR AR DAY R 2 B,

n mprises & first chalcoge ayer
indivBninyenddtn siltaluselanidel giassitayiy, 18daisacond, ehadegoettides, may

lags layer 20, a second silver layer 50'and a top electrode layer 22. The
0 ARG ﬁ%@aaﬁwavef ?}ﬁ%éy E‘%"‘S??&B@H %r%aﬁ%&émo%@%nplea
adhesigxasepiRheHir shehrirqgenidealass by aisumeessily pldepe iR rrode
selenide. [0064]The embodiments described above refer to the formation

22oernfrereatdessie el snecasalnechingl oy @ dinentiooadarbinesilver
1@%@9&9@@&&%&@5 gﬁg@@f&%&@ﬁ &U&%e{igag&gﬁ%wa%gai@a&'@,el 7,14
s the formation of ot I fe

invention contemplat er such resistafice’varia
of ifemmoeynstenwdenss nvHion .cdiv be dabricatedras enrisrmory deraycaie22 and the

erated with memaory element ircujts. [0065]FIG. 15 illustrates a
Ly S Rk T e & RSN Sheliv gl poptormance
prebamplardniagtdntiawe dandudionBaNstenici englo s resistaRtsinding layer
3 Ovariabl mem_(%i?sﬁelements %%ricated in accordance with the invention. A

hraR SRS LRt RisipRiemsystem, generally comprises a

central processing unit (CPU) 444, such as a microprocessor, a digital

s{@eBprocessahsaligifige gragranmalde digitaldogiaidawcasemhighsuch as
communijcates with an input/output (I/O) device 446 over a bus 452. The

SUVSESTOR s RofRRaRIcHIER Wilisreepitensavelapes b mejsdiapate the need
to 0608 FEmoLy caRtroler 1 JA066HY the £aseaf & AR RLESusesR e
processor system may include
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
clement 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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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

le CPU 4 4..0n a sin rated cwcwt [0067 he azlove
anSC“p O%h ralbv/rlings a%é%é)r%rg 0 BEEHRS et ittt lagoc! causes an

ovexdhipiiyare kbdimeerts: wiiahasbigve dhe fral0tes Bhe padvanirgisal
the inyention. Modlflcatlon and ubstitutions tq specific process conditions
”’é?f&% b EICah PR RETeF iﬂé’f:fg} ARG ROTIe Wit hich geapeally has 2

loHRipERtiRd Acsoadinghe the Jiveationds a%&@w&a@ﬁrﬁ&a%&%%rm

limited by the foregoing description and drawings, but is only limited
thecapmemiste Bysisdn ddtie shn sondiuspipesimdhe memereslsmpee 100 may be

e I'O
B e e R e

comditabtaygr over said first chalcogenide glass layer; a metal contalnlng
layer over said metal layer;

[0058] When silver is sputtered directly onto silver-selenide,
agglomeration of silver at the silver layer 50 /silver-selenide layer 18 interface may
occur during deposition. Such silver agglomeration can cause subsequent processing
problems during operation of the memory cell 100. Use of a chalcogenide glass
layer 20 between the sﬂver layer 50 and the silver-selenide layer 18 can prevent silver

agglomeration on the surface of the silver-selenide layer 18.

[0059] In another exemplary embodiment of the present iﬁvcntion, an
additional silver layer 40 can be deposited between the lower chalcogenide glass
layer 17 and the silver selenide glass layer 18, as shown in FIG. 12. Thus, a memory
clement 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 tdp 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 gléss. 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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a second chalcogenide glass layer over said metal containing layer; 10a
second metal layer over and in contact with said second chalcogenide
glass layer; a conductive adhesion layer over and in contact with said
second metal layer; and a second electrode electrically coupled to said
. conductive adhesion 15layer. 2. The resistance variable memory
~_element of clgim 1, wherein said metal contajning layer is a
 selide e Seniat TS e Toyer A CRTAARE VARSI GYeaibfEpbecome
silotelaih. 2TWheiRier ot Bk antriiRgIRYE] i SINGrSEIeRILE, 20 d R8st
resistance variable memory element of claim 1, wherein said metal

hedrbarr e RasralthierAesshst iasbisnsacbamieniing dvokitesiopthalse. As
a fesbiRNgh SeeARENAPPEROR A2 day S rter g_uﬁemﬂ{ﬁﬁﬁéﬁpogg a.mlplitude,

variable memory element of claim 1, wherein said metal conta|n|ngﬁraye

cffpssiveliisnersismuatbatcwraitioning process.

[0061] The first silver layer 40 must be relatively thin in comparison to the
second silver layer 507, in order to prevent an excess of silver from being
incorporated into the lower chalcogenide layer during conditioning, which can
shorten the life of the memory element. The first silver layer 40 has a desired
thickness of about 35-50 A when the first glass layer 17 is about 150 A

[0062] As shown in FIG. 13, in accordance with another embodiment of
the present invention and similar to the first exemplary embodiment, a silver layer
40’ is provided above a chalcogenide glass layer 17. Thus, a memory element 300,
as illustrated in FIG. 13, comprises a first chalcogenide glass layer 17, a silver layer
40’, a silver-selenide glass layer 18, a second chalcogenide glass layer 20, and a top
clectrode layer 22. In accordance with this embodiment of the invention, a
conditioning step drives silver selenide from the 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. Tﬁc 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 407, a silver-selenide glass
layer 18, a second chalcogenide glass layer 20, a second silver layer 50’and a top
electrode layer 22. The first chalcogenide glass layer 17, may be a dépcd
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6. The resistance variable memory element of claim 1, wherein said first
metal layer and said second metal layer are silver. 57.The resistance
variable memory element of claim 6, wherein said first silver layer has a
thickness of about 35 A to about 50 A. 8. The resistance variable
memory element of claim 6, wherein said second silver layer has a

thi cknesso bout 200 A. 9. The ncev riable memory element
P IIS e QB R Rep o %Wa'?tra fféfeoggg G sates ARrE RSOt Yer-

dsbai{:@gﬁindgaiﬁﬁs layer each have a thickness of about 100 A to about
1000 A. 10. The resistance variable memory element of claim 1

aid f|r chalcpgenide S layer comprises silver-doped
crllTaﬁg%’g nide gl §‘§ Cmg%%%% cd gRAEB IR RFEstast of only a
feslapBsdibleneipit sedd  Aoiet ﬁk@iﬁﬂ@%%&l@i@@é@ﬁ@ﬁm&aﬂg §§:§§fagncc with

chalcogenld cglass layer each have a thickness of about 150 A.
the O YeRIeanCE Faie WhslersEp efeemese ol Ihwm@hﬁlgmddmmmplates the

fornRleaenidsialass Jaye and said sagand shal &08&9?1 %g?!(asﬁic?ly &nb

comprise a material having a formula GexSelo
fabgiratehayegistary varipklderrorgdieite nhahoi rmidxnmteﬁemss&dcmts
first chalcogenide glass layer and said second chalcogenide glass Iayer

COMPESe 9ermatiam SSiINAS GBsHHRIN 81%&‘.%85‘ Qmety 68 includes a

Ge4doSe6o.
memory circuit 448, for example a programmable conductor RAM, which employs

resistance variable memory elements fabricated in accordance with the invention. A
processor system, such as a computer system, generally comprises a central
processing unit (CPU) 444, such as a microprocessor, a digital signal processor, or
other programmable digital logic devices, which communicates with an
input/output (I/0) device 446 over a bus 452. The memory 448 communicates
with the system over bus 452 typically through a memory controller.

[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 bcvconsidcred
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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conductive adhesion layer is a chalcogenide glass layer. 15. The
resistance variable memory element of claim 14, wherein said conductive
adhesion layer is germanium selenide glass having a 5stoichiometry of
about Ge40Se60. 16. The resistance variable memory element of
claim 14, wherein said conductive adhesion layer has a thickness of about MCSLLP
100 A. 17. The resistance variable memory element of claim 1,
wherein said first and second electrodes are selected from the group
consisting of 10 tungsten, nickel, tantalum, aluminum, platinum, and
conductileinitrides. 18. The resistance variable memory element of
claim 17, wherein said first electrode is tungsten. 19. The resistance
variable. memaryelstagnt ohelable hemdrgrelarsaid seaqnibirigctrode is
tantalum nitride 1520.A method of forming a resistance variable memory
elemens eegnpligingdtorming a first electrode; forming a first chalcogenide
glass layer; forming a first metal layer electrically coupled to said

first chal¢ngerida-a0ahias axsy 1{oaming @itagip eaplaiirosiaggirover
said metal layer;
electrode;

a first metal layer over said first chalcogenide glass layer;

a metal containing layer over said metal layer;

a second chalcogenide glass layer over said metal containing layer;

a second metal layer over and in contact with said second chalcogenide
glass layer;

a conductive adhesion layer over and in contact with said second 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.

4. The resistance variable memory element of claim 1, 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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forming a second chalcogenide glass layer over said metal containing
layer; forming a second metal layer over and in contact with said

second chalcogenide glass layer;  forming a conductive adhesion layer MCSLLp

over and in contact with said second metal layer; and 5forming a second
electrode electrically coupled to said conductive adhesion layer. 21.

The method of claim 20, wherein said metal containing layer is a
silver-éhalcodémdedisy@mnce vagiabiEeamethoderhelafof 21aimhb reihegeinl said
metal containing layer is 10silver-selenide. 23. The method of claim
2etalhentainsagllayetcheoatdifikgelsyel dhas b4Hickness of about 1 to 5

times the thickness of the first and second chalcogenide glass layers.

24. The.methdt eofeddiraiR, wirtable ssachmstalleortatnifiglayerihasherein said
first metal layer and said second metal layer are silver.

7. The resistance variable memory element of claim 6, wherein said
first silver layer has a thickness of about 35 A to about 50 A.

8. The resistance variable memory element of claim 6, wherein said
second silver layer has a thickness of about 200 A.

9. The resistance variable memory element of claim 6, wherein said first
chalcogenide glass layer and said second chalcogenide glass layer 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 comprises silver-doped chalcogenide glass.

11.  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.

12.  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 GexSe1p0x, where x = 17 to 43.

13.  The resistance variable memory element of claim 1, wherein said

first chalcogenide glass layer and said second chalcogenide glass layer

comprise germanium selenide glass having a stoichiometry of about GesoSeso.
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15a thickness of about 470 A. 25. The method of claim 20, wherein

said first and second metal layers are silver. 26. The method of claim

25, wherein said first silver layer has a thickness of about 35 A to about 50

A. 2027.The method of claim 25, wherein said second silver layer has a MCSLLP
thickness of about 200 A. 28. The method of claim 20, wherein said

first chalcogenide glass layer and said second chalcogenide glass layer

each hbte a fhicknesstehaboutrldfcinteraboytel@0emt. of claiz. ITiveherein said
method of claim 28, wherein said first chalcogenide glass 5 layer and said

sendndtbhaletigenide lgissitayehebelybaide gthsskiagss.of about 150 A.
30. The method of claim 20, wherein said first chalcogenide glass layer

and said secarickahalcegatide glaske layen comylrisea nodickiahhbyingharein
formula Ge.Seloo-x, where x = 17 to 43. 1031.The method of claim 20,
yherein aidiliesh ehakioacaiper gioseriayaiamdsstid iskcghad chaldegenide
glass layer comprise germanium selenide glass having a stoichiometry of

g@@@gi@g@m sSBelheTvgtd of claim 20, wherein said conductive
adhesion layer

16. The resistance variable memory element of claim 14, wherein
said conductive adhesion layer has a thickness of about 100 A.

17.  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, and conductive nitrides.

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

19. The resistance variable memory element of claim 17, wherein
said second electrode is tantalum nitride

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

forming a first 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;

20



10

15

20

is a chalcogenide glass layer. 1533.The resistance variable memory
element of claim 32, wherein said conductive adhesion layer is
germanium selenide glass having a stoichiometry of about Ge4oSeoo. MCSLLP
34.The method of claim 33, wherein said conductive adhesion layer has a
thickness of about 100 A. 2035.The method of claim 33, further
comprising the step of applying a conditioning potential across the
memorfpeleingni sttdatdrenetal lagér dhermethod afrdaitvdidh whit siectinel
pulse width of said conditioning potential ranges from about 100
taniesgeands §0-3bday &0 nanoseconds.  37. A resistance variable
memory element comprising: 5a first electrode;  a first chalcogenide
glass layemelecticaiyl eotpleddbsaihfitsteelespd@d in contact with said
second metal layer; and

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

21.  The method of claim 20, wherein said metal containing layer is a
silver-chalcogenide layer.

22.  The method of claim 21, wherein said metal containing layer is
silver-selenide.

23.  The method of claim 20, wherein said metal containing layer has
a thickness of about 1 to 5 times the thickness of the first and second
chalcogenide glass layers.

24.  The method of claim 20, wherein said metal containing layer has
a thickness of about 470 A.

25. The method of claim 20, wherein said first and second metal
layers are silver.

26. The method of claim 25, wherein said first silver layer has a
thickness of about 35 A to about 50 A.

27. The method of claim 25, wherein said second silver layer has a

thickness of about 200 A.
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a second chalcogenide glass layer over said first chalcogenide glass

layer; 10a metal containing layer between said first and second

chalcogenide glass layers, said metal containing layer having a different MCSLLP
composition than said first and second chalcogenide glass layers; a

first metal layer between said first chalcogenide glass layer and said metal
containing layer; 15a second metal layer over and in contact with said
secon®8halcdjenidethiatefayeim 20a tHike etmadaddenisiechiales fpyad ogdass
and in contact with said second metal layer; and a second electrode
klgetrinady soliplediid shidtbigdrddel gdgeniapeglassh?hiayes thicBResshsf about
resistance variable memory element of claim 37, wherein said metal
tomtainingblayen iHa Silver-chalcogenide layer.

29.  The method of claim 28, wherein said first chalcogenide glass
layer and said second chalcogenide glass layer each have a thickness of about
150 A,

30.  The method of claim 20, wherein said first chalcogenide glass
layer and said second chalcogenide glass layer comprise a material having a
formula GeSeipo-x, where x = 17 to 43.

31.  The method of claim 20, wherein said first chalcogenide glass
layer and said second chalcogenide glass layer comprise germanium selenide
glass having a stoichiometry of about GesoSeso.

32.  The method of claim 20, 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 GesSeso.

34.  The method of claim 33, wherein said conductive adhesion layer
has a thickness of about 100 A.

35.  The method of claim 33, further comprising the step of applying

a conditioning potential across the memory element structure.
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39. The resistance variable memory element of claim 38, wherein said
metal containing layer is silver-selenide. 40. The resistance variable
memory element of claim 37, wherein said metal containing layer has a

thickness of about 1 to 5 times the thickness 5of the first and second MCSLLP

chalcogenide glass layers. 41. The resistance variable memory
element of claim 37, wherein said metal containing layer has a thickness
of abo®r470 Ahe méthddefesisiaride waréable therpaolyeteidehtadfsalaim
37, wherein at least one of said first and second metal layers is silver.
1043ifibaiiesistanaevariabiesiamoabelementeiiairoodhd sberbiusaich
first chalcogenide glass layer and said second chalcogenide glass layer
aasbdvadsthickness of about 100 A to about 1000 A. 44. The
resistance variable memory element of claim 37, wherein said first

chalcogenide glassisayee &08:5ailSERANGISMAIGRGBRIESBIRSSItRyer
15comprise a material having a formula Ge.Setoo-x, where x = 17 to 43.
45. The, iegistapes yasiable memory element of claim 37, wherein said first
chalcogenide glass layer and said second chalcogenide glass layer

COMPrise ey MANIYPSAIRNINE Has5 VNG AR INCRIIPRIY 18] 2h@Utrst

Ge4oSeoo0. 46.E The resSistance variable memory element of claim 37,
@i@?{ﬁj)'a 20 said first and second electrodes are selected from the group
consisting of tungsten, nickel, tantalum, aluminum, platinum, silver, and

conductive g gl%alcogenide glass layer over said first chalcogenide glass

layer;

a metal containing layer between said first and second chalcogenide
glass layers, said metal containing layer having a different composition than
said first and second chalcogenide glass layers;

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

a second metal layer over and in contact with said second chalcogenide
glass layer;

a third chalcogenide glass layer over and in contact with said second
metal layer; and

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

38.  The resistance variable memory element of claim 37, wherein

said metal containing layer is a silver-chalcogenide layer.
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47. The resistance variable memory element of claim 37, wherein said first
chalcogenide glass layer comprises silver-doped chalcogenide glass.

48. A method of forming a resistance variable memory element
comprising the steps of: 5forming a first electrode; forming a first MCSLLP
chalcogenide glass layer electrically coupled to said first electrode;

forming a second chalcogenide glass layer over said first chalcogenide

glass |ager; 10fbennisds ta metalacoabénimepiaysrdemeardrosaid finsBdmdherein
second chalcogenide glass layers; forming a first metal layer between

said filstahalcagsriide lglassilayidvansdesaiddaetal containing layer ;

forming a second metal layer over and in contact with said second
15chalgogenidihglassdayere varfabieingeandirdetbmiengenicaignds, layferrein
over and in contact with said second metal layer; and forming a top
cleatinde Elestticalin couplethie sainitkindghafcaganiderglBssiigethe thickness

2049.The method of claim 48, wherein said metal containing layer is a
of the first and second chalcogenide glass layers.

41.  The resistance variable memory element of claim 37, wherein
said metal containing layer has a thickness of about 470 A.

42.  The resistance variable memory element of claim 37, wherein at
least one of said first and second metal layers is silver.

43,  The resistance variable memory element of claim 37, wherein
said first chalcogenide glass layer and said second chalcogenide glass layer
each have a thickness of about 100 A to about 1000 A.

44.  The resistance variable memory element of claim 37, wherein
said first chalcogenide glass layer and said second chalcogenide glass layer
comprise a material having a formula GexSeio0-x, where x = 17 to 43.

45.  The resistance variable memory element of claim 37, wherein
said first chalcogenide glass layer and said second chalcogenide glass layer
comprise germanium selenide glass having a stoichiometry of about GesoSeso.

46. The resistance variable memory element of claim 37, wherein
said first and second electrodes are selected from the group consisting of

tungsten, nickel, tantalum, aluminum, platinum, silver, and conductive

nitrides.
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silver-chalcogenide layer. 50.The method of claim 48, wherein said metal

containing layer is silver-selenide. 51. The method of claim 48,
wherein said metal containing layer has a thickness of about 1 to 5 times
the thickness of the first and second chalcogenide glass layers. 52.

The method of claim 48, wherein said metal containing layer has 5 a
thickness of about 470 A. 53. The method of claim 48, wherein at least
one of $2aid firfhendsetoned metalbiy ersissivelement 54 clieniétheberkin
claim 48, wherein said first chalcogenide glass layer and said second

shial Fogenidel glaesidyes eachhaveaipidkaesi viaioped hAl dgtmide glass.
about 1000 A. 55. The method of claim 48, wherein said first

chalcoggnide glasstlay@ioafiorasiflSaqess ehmcogeritkgleaniayeslement
comprise a material having a formula Ge.Seioo-x, where x = 17 to 43.

%ﬁgmgth@@éﬁm 55, wherein said first chalcogenide glass 15 layer
and said second chalcogenide glass layer comprise germanium selenide

glass quﬁp@r&%ggpbout Ge4o0Seo0. 57. The method of
claim 48, further comprising the step of applying a conditioning potential

across fhs MNP SIMARLSEHIW Blass 1ap8r IR tMEANGI-QUPRIEN to/said first
wherein the pulse width of said 20 conditioning potential ranges from

@ﬁ%ﬁ&&@ nanoseconds to about 500 nanoseconds.

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

forming a second metal layer over and in contact with said second
chalcogenide glass layer;

forming a third chalcogenide glass layer over and in contact with said
second metal layer; and

forming a top electrode electrically coupled to said third chalcogenide
glass layer.

49.  The method of claim 48, wherein said metal containing layer is a
silver-chalcogenide layer.

50. The method of claim 48, wherein said metal containing layer is

silver-selenide.
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51.  The method of claim 48, wherein said metal containing layer has
a thickness of about 1 to 5 times the thickness of the first and second
chalcogenide glass layers.

52.  The method of claim 48, wherein said metal containing layer has
a thickness of about 470 A.

53. The method of claim 48, wherein at least one of said first and
second metal layers is silver.

54.  The method of claim 48, wherein said first chalcogenide glass
layer and said second chalcogenide glass layer each have a thickness of about
100 A to about 1000 A.

55.  The method of claim 48, wherein said first chalcogenide glass
layer and said second chalcogenide glass layer comprise a material having a
formula Ge,Se100.x, where x = 17 to 43.

56.  The method of claim 55, wherein said first chalcogenide glass
layer and said second chalcogenide glass layer comprise germanium selenide
glass having a stoichiometry of about GesoSeso.

57.  The method of claim 48, further comprising the step of applying
a conditioning potential across the memory element structure.

58.  The method of claim 57, wherein the pulse width of said
conditioning potential ranges from about 100 nanoseconds to about 500

nanoseconds.
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