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[ 0003] Recently resistance variable nenory el enents,
whi ch_i nclude Programmabl e Conducti ve Random Access
( PCRAWs appleatinnsis arpsinyadan- mmaéts@ﬁ et dgtensy

Ssui t abi {il on latile random
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y Glto I'n typical PCRAM devi ces, coRductive mat grl al, ©
bcmgnhca@osfadcdércreihsby refecargeor at ed i nto a chal cogeni de

mat erial. The resistance of the chal cogenide nateri al

can be programred_to stable higher resistance and
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| ower resistance @Nd PCRAM
device is normally in a high resistance state. A wite

?@)Z]IVO?{] Iao n pﬁ“?ig ﬁ%}go@p pr ARl tﬂg\ﬁcf f Panﬁol‘:? Y& $s_memory (RAM)

nce s ing a age po

dedicbOfpPmicH f1sizad E&Q@ﬁie@@aﬂﬁl@&hﬁknﬂ[ 0004] The
progr ammed | ower resistance state can renni n-intact

for an indefinite period, ty£i cally ranging from
hours to weeks, afterBAKKGROBNDpotentials are

0T csi Resonch s Sgéé?%ﬁ?%&ﬁ%ﬁé% st ouhighinclyge
PrpRLRIIL QindeBlt RapfofAARS! Pty (PRIOM e Ba e been
ingagdted fhiesuitabliy as eahisvelngle a&ﬁ&icﬁl-t@lanlc 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 applyinga

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
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mai ntained in a sem -vol atile manner once the voltage
potential is renoved. In this 1 way, such a device
can function as a resistance variable nenory el ement
having two resistance states, which can define two

| ogi c states. [0005] A PCRAM device can incorporate a
chal cogeni de gl ass conprising gernanium sel eni de
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on its programming characteristics. Thus,
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Accordingly, there is a need for a resistance variable
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be a chal cogenide glass |ayer. The stack of |ayers

cdRPPTEi ng ddcprdinglyhtiecogennded firasesistadyevariable memory
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el ectrodes. I n another enbodi ment of the invention,

the stack oﬁnggr%ggmﬁm FHRTRVERTTOR

silver-sel eni
[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
chalcogém'dc 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';lycr
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.



bet ween t he chal cogeni de gl ass | ayer and the
conductive adhesion layer. In another enbodinent, the
nmenory el ement may contain |ayers of chal cogenide

gl ass, layers of silver, and | ayers of
silver-selenide, in various orders, between the

el ectrodes. The invention provides structures for

PCRAM devi i j istics. 2
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Previded In Sonnedtiod Wi she A SMBRERERMABS NS of a Memor y
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FIG 1 at a stage of processing subsequent to that
of pmecassing. FI G 4. [0013] FIG 9 illustrates a
cross-sectional view of a nmenory el enent in accordance
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[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.



[0017] FIG 13 illustrates a cross-sectional view of a
menory elenent in accordance with another enbodi nent
of the invention. [0018] FIG 14 illustrates a
cross-sectional view of a nmenory elenment in

accordance wi th anot her enbodi nent of the invention.
[0019] FIG 15 illustrates a conputer system having a

peTAl L BRF e BRI R R TR ST TGN e

{ R n9_d Ald £ilodesenl il PRecckBHERCATE e YL B various

spec I'c e i nven

spEdiiXOetnBBdinSerits Bf daseieesh. Whbse sHbbdiehdit afeddtiibdPwith -
enabl e those skilled in the art to practice the-

suffisicandead. tOIClnabk: uhosctadulladmethstambdb pmncc)tl'l‘cemvcnUOn It is to be
nbodi s may npl oyed, , and t hat,k var,i
unders ‘{I&’&F oth qrd-'gv & BRGPE rsfr&&w%aﬁs aw%lé structural,
loffpd Sl Acophtll CERTES A SR SuiRlc depaltng B80T or
scopd éﬁmtﬁmrcﬁe@grl ption may include any supporting
structure including, but not limted to, a

sen1conductor substrate that has an exposed substrate
de. A thexeranludstatedused imthe filowing description may
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by a base semconductor foundation,
besewicsomatliod drchsde siliddires-insdfaor (SIDE)’, @ﬂt&enkﬁl -sdppli@ct(8OS),
sem conductor substrate or wafer in the follow ng
doped and pndeped mrwoadgctom 6pisa slasqus OMCMV@Rmmd by a base
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structure suitable for supporting an integrate

praxiesscareps. mhPH2@&] badmeutilézedh toSotmeregions or jtusrdted ih @r over the base
inclgde not only elenental silver,

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,
.s+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.



but silver with other trace netals or in various

al | oyed conbinations with other netals as known in

t he sem conductor industry, as long as such silver
alloy is conductive, and as long as the physical and
el ectrical properties of the silver remain unchanged.
[0023] The term "silver-selenide" is intended to
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"resi stance variable material" is intended to i'nclude
dopled| ahalyegenide glaass eslverpernrdrahmogpdniide ghbses shalcogenide glass

conprising a tal, such as silver or netal ions. For
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i nclude silver doped chal cogeni de gl asses,
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[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



Menory el enents, which exhibit a resistance change in
response to an applied voltage. [0027] The term

“chal cogeni de glass" is intended to include gl asses
that conprise an elenment fromgroup VIA (or group 16)
of the periodic table. Goup VIA elenents, also
referred to as chalcogens i nclude sul fur (9,
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|nsulat|ng | ayer 12 may be fornmed by any known
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matetials de tdsSe Skkribedrabave mtlﬁmfd:rentcr to:tlmansrﬂamng layer 12.
mat eri al, anong many others. [0029] A first el ectrode
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[0031] According to an embodiment of the invention, the first

chalcogenide glass layer 17 can be germanium-selenide glass having a Ge,Se; .,
stoichiometry. The preferred stoichiometric range is between about Ge,oSeg, 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 appropriartc ratios,

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



[0030] Referring nowto FIG 2, an opening 13
extending to the first electrode 14 is forned in the
second insulating |ayer 15. The opening 13 may be
formed by known nethods in the art, for exanple, by a
conventional patterning and etching process. A first
chalcogenide gl ass layer 17 is next forned over the

econd ulatin ] er to fill in the openin
chegica) gapprdposiion wth %towesxffnq\%@epars@f GgHahnd SH, gases (or

a%I'ES‘BQ% Bi8hs b dsf EEAL), Uhich ST e, RIALGRAERLAR fimm of

ass yer mani um S

the degiredS8bRBidmed Cir€ Bkanples ¥f mEftody WhRh B8y be used.
stoi chionetric range is between about Ge20Se80 to

about (e43Se57 and is nore preferably about Ge40Se60.

The033) st cHalshoyerinddGy Hagsctaucameammfg lpyaf & mia e ltrsctly
Ato ot 000 _A and is

d“r%’tﬁlg"’* kne éf'yﬁ%n Ogbﬁgazifﬁs alfé\ogf[re g ASSTRECT g el ek 2 spctal
cc;n[ﬂﬁn.{rﬁr l§§cr°lt7a s&QP&N QR'cg-ls@}éﬁldE éé‘o@é&{ ?rgc?‘e}htact with the

OICIOfTEtrCCO OStIOI’]Ina nce w
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stoichionetry, or 6 chem cal vapor deposition with
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b et
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coatgpmgdayeurmPoe lisstante, fiitablometdl henﬁﬁ‘imgddycrs include silver-
stoi chionetry, are exanples of nmet hods which may be

chylkcg acmfieémfs pachsasoier-sulfas silver- ‘W@dgal Sﬂé'mwted\lmdngand sﬂver-
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di ffusi on becones unnecessary. However,

h er ma
ch&glbcr &agq{éic@ﬁgnggg éque&@cgptég% 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-



| ayer 17 with a netal (e.g. silver) is an optiona
variant. [0034] The netal containing |layer 18 may be
any suitable metal containing |ayer. For instance,
sui table nmetal containing |ayers include silver-

chal cogeni de | ayers, such as silver-sulfide,
silver-oxide, silver- telluride, and silver- selenide.

vari ety of processes can be used to formthe .
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Shry onc of thgse vaitablp glass matcrinly may furskgraompsise sypat,
whi | e prevent|ng aggl,onerat i of silver on th
coBgOHIADT < En I R APt 200 o oL APBRRS e ictud pidegy e, and
othé&y%"ouﬁqmﬁ NBYERrdh thepericdie tABlgr ati on of netal,
such as silver, froman electrode 22 (FIG 6) into the

menory el ement. [0037] The second gl ass | ayer 20 may
a[¥B&ct as Theshickeessdiffthe biyers 18q20r ark sut¢tagher thoe meeral

coRfRLBE B 16 GiekeE By Gapahe ANERRTS AU pecred slas layer
20.1 ﬁc}'&gblgr?a el 6PER Tt %ﬁaﬁﬁ&g lapgxe 18 $i8R8kss 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 sccohd 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, evaporaton, 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



chal cogeni de gl ass | ayer 20 may, but need not, have

the sane stoichionetric conposition as the first

chal cogeni de gl ass layer, e.g., Ce.Seloo_z. Thus, the

second glass layer 20 nay be of a different material,

different stoichionetry, and/or nore rigid than the

first chal cogenide glass |ayer 17. Wen used as a
second gl ass | ayer 20
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include nitrides, netal, and other group 13-16
el[BA€0L s f r Hefernegmom calFEGt Zbbee of 688 pdditnnhinskhdsg layers

ers 18, 20 ar suchdéggt t.he net al

ft
3 ORI By er tederaE eeds 33 grddbe Feqcnstingwating layer 15

) ) I Pref er abl a
R P e e Mo 1R 00 S e s
fablieated 00erCkhglsabstratt AP rCENdntictkNe®Tedshgheépean RBAWe carried

5:1 and about 1:1. More preferably, the ratio of the
oyt lerealiicoupls thayesistageet varnklrememooy tlhemenhito kneess circuits
t he second glass layer 20 is between about 3.3:1

f
OLHPHISBU L™ -1. "The second gl ass | ayer 20 preferably
has a thickness between about 100 A to about 1000 A

a']]dO"lF]Z nor e 1pLef AR YwRR %Btﬂégmb}bﬁlarﬁ}% tﬁﬁg%qg’g%]?@&i one or

| ayer 20 may be forned by any suit

meralaptrs of a direal @altaivigomatkepdsuth ansivey-agleniak] oay be deposited
co-sputtering, or sputterigg using a target having

OYeR EnciEsT Falcagesidsplatdeyey 1 Trad pheraliseef mppbgogtaining layers may
bRl AL S Can Yol SRBRASENE Selehyf: Ry CHd LS be

over the second

depesiontion enelAest ki ratieaidedaerdd MC%MEB ItRE pAStEssing step,
el ectrically conductive naterial, for exanplg,

whigh gesudts in thanstaiamare shiowmaimi BIG. 4onductive nitrides, or
other materials. Thus, advantageously, the second 8

8&@@@ a?/n-egl',[ﬁgitgﬁy%gsg %glgf? Ferl}qeégoqogx?arirsﬁlndgelg&els XS,S 58% sourch 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.



conductive netals, such as silver, through the
resi stance variable nmenory el enent 100. [0040]
Referring nowto FIG 7, one or nore additiona
insulating layers 30 nmay be forned over the second
el ectrode 22 and the second insulating layer 15 to
i solate the resistance variable nmenory el enent 100

f h t t f ' d .th trat
OEEer S AR LSaed oren e SUELALE., o o
. | i . i \V/ i .
AL U BRI B o
ma il Jsuthn angeoiadnmeseldnide. afhe beondrdiad ilapenR0ahayt dio comprise

i nvention, one or, nore |ayers of a nmetal containin
a phwrality oif laysrscof agglassimateriak efeysuitableaymber ablowpers teay be used to

e 18 bt AbuBPLEERF 9817 35 BBl Lol asptave20.
HRARVEr it s o) 52 ulderdidodRhhPAR! totQGR1 NS 'to\t%ﬁc- Atk UoHGining

| ayer 19 nmay be deposited on the firs
lagdr(s)dr8, 32 blemild del thicker fifinsthlesecul eliitkhads biehepplacdsp bfig
sagﬂ%p, .which results in the structure shown in FIG 4.
¢ £8P

drrgdass lysrnks and pddigenaliy the tosalithickness of sbe metal

. 19 tlRag, t otal thickness, of thes
el Ly am, 15ThgutEps [BR bk B ERE Bl the one o
& d | h ' i |1 Bi
R e o e e P b okl pkncss of
themetabadritaimingriaye(s )cldh 18 wi dg toatehickdds of the pluadlizp of layers of
eater, than _the thickness of a second_glass |ayer _
Ch%&iosﬁndicsﬁﬁ & d$ P@avqcnaqi%éi and pbewpy B&ne%lgo,cﬁrcén@ly a ratio

' . i, 0y l. 18, +194i tween,, .
OBt DEIALof GO LRUDLALANE il 105365k 188D g of
thie pRuhlifySéf 16338 69ERNEEnd lBSS layaY 20 islHerdBth 266&Y £ NGWabout

bet ween about 1 to about 5 times greater than the

1:dhi ckness of the second glass layer 20. It is even
nore preferred that the total thickness of the

SEORE" O B8 S FhELO g ol asF ol Wil another embodiment
of Ak HREDES ofE of Rfork iolrf the cﬁ%géﬁwgﬂgs 1%&? 7! 3y %ay]aZso be

and the setond gl ass |ayer
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
clectrode 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

10



9 [0043] In accordance, wth another enbodi nent of the
invention, the first chal cogenide glass |ayer 17 may
conprise a plurality of layers of a chal cogeni de gl ass
mat eri al, such as germani um sel eni de. The second gl ass
| ayer 20 may al so conprise a plurality of layers of a
gl ass material. Any suitable nunber of layers nay be

popeet et EEssang i rssieBid T T B e el e lyver 218
is ?851%1819’@(! 5{7&‘3(?{1cttﬁﬁ'ﬁ chiRoEaliat I%lalgé L§8esp7 ofnd Qﬁ)v.ﬁﬂ'f éﬁalcogcmde

. tontal ning ayer(s) 18719 shoul d”be thicker than the
glisstgyler BV dkpesidonéd b tht whiad isilyer sklenidealagerd?¥8. d€he second
gl ass Iayers 17 and addltlonall the total thickness
copluctive elpgtspde 22 kanibaifs ﬂ@mpcay‘é?r(tﬁy fogrth chalcrgenige iglass layer 317.

t hi cker than the tot aI th| ckness of the one or nor e

| f ot
O 8BRS Bk e Fho R BB aPprsfemene
100RycHh éﬁacs 18 1caat9tv&@rﬂclaﬁ cbﬁtﬂunghafelfws S104 aha 8t least thrcc
a

plurality of layers of chal cogenide glass 17 is
chbkbgermide gss) llayBrsllZ.}rid7a Bddt Howevenlis s, topreefimdenttbpd hat the

ratio  of t total thickness of the nmetal contajning X
mFlaly@f %@Pcﬁéti%Q?l%ibCQfﬁBﬂifo% urqlfy of Altswagns e of chalcogenide
I Yo P S
e e L0 YRt b BN flenldh £ T o e By MR Blertitide e star
Wfﬂ@a'ﬂrﬁ chélcolzBnidie G4sd ek, elg 117, aOERE iR it BRI ogetide glass
the invention, one or nore of the chal cogenide glass
layeayegs317, wizh thaﬁralch@lcbgcmdo ghds layethcenteapeg firss elecktrode 14

s a. net refer silver., [0045] I.n accordanc
angg e Las, Gﬁﬂé? YHio & Ycrocpnﬁmgr?v&wpéﬁl%%mdc%- The

thidch#RLhAYEH0d Br Eie%tc?n%tﬂ@t %2?1@ %ﬁ‘é\ﬁvc?f sts,fcﬂ%f‘cGPé }18 %18 and

processi ng SU sequen own 1 n

chalcagknidt glayers 111 P 2ED 31t aveehe bdifie bb Hedcribed abeeqnd that the
el ectrodes may include alternating |ayers of
sﬂwwc&mgéqwlamers d18a§§ 81218 mqprcﬁcr_ably itkanthameqominecting

ai A desirable ne
chaBRegsr Rpst BER 15 17 947 817 imp auSS oRBeufsrrbie Bilend
abdut .1 Lifvel-QPAIRIBRANE0 19825 P8 (8 ¥Ehndched EhROSHdid Ellss 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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el ectrode 14, a first silver-selenide layer 18 is
positi oned over the first chal cogenide glass |ayer

17, a second chal cogeni de gl ass layer 117 is
positioned over the first silver-selenide |layer 18, a
second silver-selenide |ayer 118 is positioned over
the second chal cogeni de gl ass layer 117, a third

chal cogeni de gl ass_.layer 217,is 10 positioned over the
ISR A Ghniar St 8 GUAFogsarda 818 MALeRApduCh a5 germaniumn-
Ihyer ' [ [.Ldpone 21, the .
ST ARELSEIE LS of My PRI AYRL, Ml hlcopenic
glafidhyeogbn 7, 201743371 ayer 317 is positioned over the
third silver-selenide | ayer 218. The second

conductive el ectrode 22 can be fornmed over the fourth
ch@P4¥geni ddngpathsriesyhadiment of dr4syentiors @msratanors of the

, i . | .

e s 0 LA o 12 o hESPRE Loy such

asAfedl, WiSaR s plefSbly Sl C AP SIE R rﬁié% Itlfi‘&f:evkﬁcrg challdgenide
2 It that the mem)ryg

17. HPowever, Is"to be understoo
gledsdapentsutB@s bayyr & b7pisisperer ddpasaed byerod sibvei sdlerdtie Myer, such as
| ayers of chal cogenide_ glass 17, 117, 217 and
lagsri418s theerarpetec nerurg ofthespurtsrigs roedse maytcansraa small amount

start ith a first chal cogeni.de gl ass | ayer,
Oée&% glg? H%a% %rﬁgéc%\nmttﬂ the f%agﬁo%cﬂécfccéﬁgr}?Wé' gl ass |ayer,
e.g. 317, with the first chal cogeni de glass |ayer
COPOSEL | Ng Ddvides bofbtAdé PR ot dingaBAht ReHRBhents of the

_chal cogeni de glass |ayer contacting a second el ectrode
ingention partiduiasyrtbose hadng atilvg-sefenidrelapdrt (erg dayend 8) disposed

| ayers of iIven-nggnide %8, 18, 218 and
besiiEs T Bye ARAEOBITIAS Blay layery (c.B1Aycra 17, 0% show imprevessmemory

o 0 [ h ilver-selenide |ayers

e GEOR AR ke b Blnd i RopYEIGEL SRR BV Toese
devivas hageidish@im dstal reperiiion ¥ér mbké th2l 1208 hbukdatdobat | 0

of between about 5:1 and about 1:1 silver-selenide
temppestureg | The devicesgwitshao prlse védttsHedsabape i e ogt @msls compared

layer .17, 117, 217, 317, and nore ef erabl y bet ween
wigh igped esistanics yagaitle sa¢rpamy clements R the apier amithay gwtch at about
1008 4R 65Haﬁgg d chal cogeni de gl ass layer 17, 117,

217, 3%7. [ O%%] As shown in FIG 10, in another .

enbodi nent of the invention,
[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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one or nore layers of .a nmetal containing material 18,
418, such as silver-selenide, may be deposited

bet ween the chal cogeni de gl ass | ayers 17, 117. A
plurality of silver-selenide |ayers 18, 418 may be
used. Thus, as shown in FIG 10, at a processing step
subsequent to that shown in FIG 4, an additiona

ilver-selenjde |ayer 418 may be deposited on the
adhesion layen a0 mgmd@rﬁialsogsgdéﬁ g¥sesnd) 1P elagredoAs then formed

ol HE RN bRl 0Ty, dobost 4 o e

SiITver-s f 218. I n accordance
wi t h anot her enbodi nent of the invention, each of the

cr[ebsggeni deTtd @fadcdgRitRIeSgldsh laylely 17,200 of Ghils xRyl N
FIG 10 may conprise a 11 plurality of thinner |ayers
embodim¢nt| cendergeamagivan-sclenider glads havmgh Ge Sggy nadichmmetry,

el eni de. An i tahl e nunber of | ayers nmay be used. to
WREH A F0ges B RAEG Ao T DL EGLStP ARt arthous LienSeso to

£ 49] ] t inventio
o GL O B aIRSL TSI At i SIVER g, e
ardll secodd thaRygalido ghes Hoped AV20hprafesitdp Rivesd fHickrRSs fom about
netal , which is preferably silver. It should be noted

19% 4 tosthontd 09RA end enprgeprefyrably abayet50 Auch as | ayer
117, is sputter deposited over a silver selenide
re of the

I »1 SuUch.@s |layer 418 he ergeti c nat ..
s 26531 Thg. ritiscmst Raptaningder dagel D agnTititle megal epntaining
ianC ' t [ I I
et PO R s T RS-
chadop@hideriagerofudhhs silvervseiddide, silpar dulfide, ilvey-oxkis @nd sitver-
having a silver-sel enide |ayer (e.g. |ayer 18) _
telpgde amengrthapse At dowrablfametal spntpinipg daysr issiluersselenide. A
I ' 7, 20 how iproved, menor retention and,
i e et s e QY G elcail ialp o layer 18,
Félevk@aage, physied va%@x"&@;f‘ésﬁ@yﬁ‘c c§ m%&gofa%@ BEpSition
for nore"than 1200 hours at room tenperature. The

argksputtesingumayc be asedpuDskenprdicbsed @sh ab bhemizaheapos elepasidon, co-
conpar ed i th doped resjstance variable nenor
q#c

CVAPRIREIRNOIFICPORIEING 3 layerphisclomimaRpye m layer gﬁ%kycy 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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100 nanosecond pul ses. [0051] As shown in FIG 11, in
accordance w th anot her enbodi nent of the present
invention and simlar to the first exenplary

enbodi nent, a silver layer 50 is provided above the
second chal cogeni de gl ass | ayer 20. A conductive
adhesion |ayer 30 is then provided over the silver

b GtRAT LSS EeTRRP P SO AT Sejunde bvimg
deBGiLEPRBIVE Sdhe QVRF ctfrc]'lﬁt&%‘?ﬂ'lﬂc Qélﬁ%énﬂg?‘%ﬁfccgsomgy cAIS¥ a small
: s ring or-plating

sul t abl e neans, ch as sputte

anfcehofglies fromehesiiveg lee 50 o pedhidigoeitee gt thelcbsRogenide
pl ati ng. The desired thickness of the silver layer Is
glaspadhespgolayer )i Thus.chewep elestrode shorth go gamehadeagraide glass.

B EROR A BhhS S SR bS5 TR USSP o o

lay]'cép 12N e Gestr 0 thilcRRdss %@}gﬁgg}fgﬁ“ﬁ% g?@%%émﬁwggﬁﬁ&ﬁﬁ fayer 30

or the conductive 12 a i nclu
is ahltdd@@PeA) de gl asses. A top el ectrode 22 is then
formed over the conductive adhesion | ayer 30. [0052]
gl ass layers 17, 20 of this exenplary

The chal cogeni d )
efh%ﬁr]rrent Elsg oba cgeeneticadhsepe davse 39 berweem (g ylver layer 50

i chi f 43 .
R T I
subfQubnPrERmG sté‘&ﬁiucﬁ&@bﬁbﬁﬂkéds@gﬁ%éinge @g@?&ic Y @duterials,

_ the glass is undoped, the first seécon
indwdingoyegitde, ghtadem)| anealsmiditride, andefimnairhyameng oshers, may
t hi,ckness, frq out _ 100 A to about 1000 A and nore
n%ﬁéﬁ%ftﬁdm o, {3e layegs 58 such @5 shatsRewRdpdi1G drt A or gxgmple,
' t al ntainin
b bt ine B b0 3 Pl paBEPBE RS tvenythe clectrode

22| layee rfFord 8t ldast d%tdﬁa@y $epafating(peeagO vy franahs lﬁlueigyiﬁg silver

si |l ver - sel eni , silver-sulfide, silver-oxide, an
layst PQand thus lagsingecleetting contret svithithgasidealying hpeml20, 18,17, 14

ont ai ning, | ayer, | s silver-selenide. A variety o
of P gt tlemcnsd (05 oo T eRca Hifciopcferidros2 and the
unbBiifhe SREMBHNEBGhAYGErs DD, 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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For instance, physical vapor deposition techniques
such as evaporative deposition and sputtering may be
used. Ot her processes such as chenical vapor
deposition, co- evaporation or depositing a |ayer of
sel eni um above a | ayer of silver to formsilver-

sel eni de can al so be used. The netal containing |ayer

18 can be about 1 to 5 tinmes greater than the
COPﬁPE%WEt Vepedit Ogﬁg? QSIREP BhAPE Bt ghanyich sauses an

' f t 470 A.. [0054
ove Al aridc et Ui ERE BeinboR 00 B pdec it tha
an§SIAEC ire\@iticARp Aahters SPEH @ndititiial YdterdtBiiwhidMgenerally has a
al um num platinum silver, conductrve nitrides,” and
longdrgnidse Wideh bod thigher|segilitediethbs 4 yppabpereabiblused to program
tungsten, The t | ectrode 22 is preferably tungsten
the, MR AR (Al ISEIOnE SEBn HSCRFOTE Sleasma 00 may be

. [ | teri :
pro@fimels VAN BriP IR AN I 68 o WeRp huring
coﬁanxﬁﬂhgiscussed above. In this case, the conductive

adhesion layer 30 can be formed by sputtering the
chal cogeni de _glass onto the silver layer 50. Just as
st90RS] i s i Wemmpulver isgputiersdaliresdy ongo sibwgerseldnidgl ass
| ayer when_.sputter, deposjte r a sil.yer selenid
ogpRF Rt Of 358 ob e SREC LY i Bhertaslemid g € s agrermay

: S ,

oA A OGS ST FRUERO AT T Ok fFbcesing

problais elyeinigieperagtions sf dith@sinoy tell 200.3Use BRuschaldagehidp glass
el ectrode shorts to the chal cogenide gl ass. _adhesion
laﬂcagg rbegeer: theatiivaglagerctfhand theslvpesdleride fayen &8tcap prevent silver

trode.tq,th ' I 17.. . The desired
BB FIHALE oBitos Tortate bl e grle eIt ve. adhesi on
| ayer 30 is about 100 A [0056] Use of a conductive
a@tmswp on | apeanS@ebekosiaryt digbsdinyes: df@mte EreééQnt 80&hddiE an

top electrode 22 can prevent peeling of top
additpak silter Rern$d can bk ddposited beswher thelutwep chalesgémide glass
lay%izrsapar 2 s \?Cf%gﬁtnlc)JceéLsss ay?:g ISP Esl s %wnE{nelg:ItCr%.oflf %%ms, a memory
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 gleiss. 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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i ncluding 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 on between the two | ayers 50, 22 may be
insufficient to prevent the electrode 22 |ayer from
at least partially separating (peeling) away fromthe

seEPEIREIR S Ko 1 40 Cartie S G FIgrbe s 1850 become
. srichy -of.. e. ; o . P !
I I

chatespénide pReeRyed BY 8hderdBe idfluenké of b 2pplied €84ditidning pulse. As
el ectrical performance problens and unreliable

a resifle, che rondibening pulbsednchavesshooter pubsovddtt ane Idwerdimplitude,
aye 30,can sybstantially elimnate this problem
cﬂjt:%%\@%spﬁgd@igs% e"t?ngb'?ﬁ@“ PEBCSY netal cont ai ni ng
| ayers 18, such as silver-selenide, in contact with a

Clygaggeni denglaRsSihéay Y ééﬂd@{y%ﬁ[b i
dﬂ(}?e he chal cogeni de %fcég) IFigyter 17 wwth a ﬁle?(glﬁgmg& to the

seatbuni]i siige:f layered 0’ pin @idet b provenoiy eedesyrefidilvéOfom Being
accordance with the | ast-di scussed enbodi nent, the

incgrporated 19gp ghg lpwar shalcogenide dayer duriag sendisionang,svhigh can

i de ich is dri i hal i | .
s EMEre AILE Prrfodieldtithy oF B S SVEC A Ph D ihh 2ofesiord
thiBRHEE ¥f a6 @3B 0IRQHeR e fibdglasoPReE 17 68hbotr EIPA

conditioning step conprises applyi'ng a potentia
across the nenory el enent structure 100 such that
si0063] sel efs sleoovm imFIGel 3 sinl aceordnat ewithieancaher erhBodsnent of

B AR il BB S e e
40: Rt odeq lﬁ)ogé atcﬁﬂ%_%ggﬁﬂggia&ﬁ?&ef?a’?’hﬁ?,vai%l Ho.m é:lcmcnt 300,

esl stance change e nmenory el'ene

as Pliseerediig tHIGNGS, c@ﬂi?hkés_tﬂjﬁrs@ ERal€Sgeni deAtlaRARPIFEL B aS5il0ér layer
the conditioning potential, which generally has a
407, onsilerer-galgride glads hyemtB,hi sghend ahgtogandde ghsmlagert 3/(Qianal a top

BARIAR A AR S R e PO AT
coﬂ&ﬁ%&%ﬁp gﬁg&vé' €r %Jc?élfﬂﬁcéé AT Bthd {Fkr SRNEe 43P 1880 the first

con nnel d
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 doped
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condi tioning. [0058] When silver is sputtered directly
onto silver-selenide, aggloneration of silver at the
silver layer 50/silver-selenide |ayer 18 interface may
occur during deposition. Such silver aggl oneration can
cause subsequent processing problens during operation
of the nenory cell 100. Use of a chal cogeni de gl ass

| ayer 20 between the silver |ayer 50 and the )
ogenids @laspi Her exapeple thedipt gralspgenids;glasslayer may be silver-

I ration on the surface of the silver-sel enide
dﬁ%&e@%@dﬁnﬁm I n anot her exenpl ary enbodi nent of
the present invention, an additional silver |ayer 40

CRO0HE] depogibkeehRREMRAR dderibQIEboveYeles 29 ¥RE UStnHtRHSof only a
| ayer 17 and the silver selenide glass |ayer 18, as

fcymblmcﬁb@cﬂ@riaiﬁfﬂ,mpmrymlet 1§0serrtu26 @ aawrdance with

B, 5 e By P ol o e e
' - [ e h ide

SR, RS YA A

falsicadett hd ¥ heatp airai ahdpleratfd wathomaniop eRneGlt20E s circuits.
| ayer 22. Addition of the first silver |layer 40

m nimzes the ang[itude and pulse wdth of the.
cbR0ali oni n§lGol 2 illussiateseseyprrabpiasesson systdm g Ofnethishasdudes a
oper at.i ons ers 17, 18, 20, , 50', a an be
m3RBFP i Siih a0, SY Figinalf s pibraiebhcoptuisiak ARE wiich ploys
re§§RR VRALE Afmb C]]'(%Hl\éﬁ&t faﬁﬁcﬁﬁg il?ﬁ&ok?& Q' WRA BY invention. A
simlar neans. Furthernore, the first chal cogeni de
protasar dysear, sich a8y chrdpatddapaems igaheralie bbsprigdsasSentiadr
exanple, the first chal cogenide glass |ayer may be
Pre¢gssiag el d) fdés sush| asri micropoespr,ladigisalovigieal peocessor, or
Lth this epbodinent of . the invention, a conditioning
oo BMEC L LY ISR SAIE 1 THh CRERYRGHES SRR e
inp@yRutgd (9P RievicB UWPHN LAl 4§20 ThE nfdrh$ly 448 communicates
chal cogeni de ‘gl ass | ayer 17. Deposition of "‘the silver
withs thyedyereiml eviraysrd 528typicatly theughl| avmemory eondblleauses
the silver selenide |layer 18 to become silver-rich.

;I-E(b:(g?@lolr \éte ;glg Iﬂ%{]@%{: lf%g;:p?xg(uecgri s%rgtcrrrno,rtgc %?gclzclssyor 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 bc.considcrcd
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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chal cogeni de gl ass | ayer 17 under the influence of an
applied conditioning pulse. As a result, the
condi tioning pul se can have a shorter pulse w dth and
| oner anplitude, effectively speeding up the
condi tioning process. [0061] The first silver layer 40
must be relatively thin in conparison to the second
silver layer 50', in order to prevent an excess of
silver frombeing incorporated into the |ower
chal cogeni de | ayer during conditioning, which can
shorten the Iife of the ngnpaynes enent. 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 w th another
enbodhaeistclamedtas mepraskddsired ve i proteanat by lettars Ratent of the
UnitedHgatfes ist exenpl ary enmbodi nent, ‘a silver layer 40 is
provi ded above a chal cogeni de gl ass | ayer 17. Thus, a
menory elenment 300, as illustrated in FIG 13,
conpri des A relistahceRialablo@ehtiry gleasehnt|covgirisig: 2
silver layer 40", a silver-selenide glass |ayer 18, a
second, ghal {de glass layer 20, and a top
el ectrode layer 22. In accordance with this enbodi nent
of the inventjon, a conditioning step drives silver
sel eni adirstchaicogenise slass layer dgetgisallageupled to paid firsie
first chal cogenide glass |ayer 17, opening a
cleardiect i ve channel . [0063] As shown in FIG 14, in
accordance w th anot her enbodi nent of the present

i nvent j h 14 t ' in

13, o ARk el s MDA e Rls: SHAMGe s

gl ass layer 20. The silver |ayer 50" may be deposited
lasgger the second gl ass layer 20 by any suitable neans,
such as sputtering or plating techniques, including
el ect r ophexdli comtaining lagdrrtmresan plid firstgndseeontd shale@skenide
thi ckness of the silver layer is about 200 A A top
gl®l gokf0de 22 is then formed over the silver |ayer

50° 7 Thus, a nmenory el ement 400, as illustrated in

FIG 14, rises a,first, ¢chal cogeni de gl ass | ayer
17, a & F’F"\Férola TyR¥er sd secong ﬁ\?&og%@d;réi%@qﬂc%s | ayer
18, a second chal cogeni de gl ass | ayer 20, a second
si | ver a kagductb@ athdsian laypr 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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el ectrode |layer 22. The first chal cogeni de gl ass | ayer

17, may be a doped 16 chal cogeni de gl ass. For exanpl e,

the first chal cogenide gl ass |ayer may be silver-

doped silver selenide. [0064] The enbodi nents

descri bed above refer to the formation of only a few

possi bl e resistance variabl e nmenory el enent 100

structures_jn accordance wWth th |nveq%|0n st

be. undbr ot BRUTCHRERISS SRAHARTR SSEH floriatt 3, whereln said

contenpl ates the formation of other such resistance
sﬂ\(naﬁislag[)d@ laparos yepeesentadt by thetfoomubahghe. Sef alst wheteatx aanges

a menory array and operated with nmenory el enent access

froeh AB&t Bro hB9&Ph. FIG 15 illustrates a typical
processor systen1400 whi ch includes a nenory circuit

448, r | e a bl e conducto .
ool oyt 1 1R Eertst Y PR e S 8 L, Whereih said
fabricated in accordance with the invention. A
meselseasainingslogardms aghiglness of abonplittes Eyes dm thydmessdf the
conprises a central processing unit (CPU 444, such as

firs? afH GEQHDERS dk hgiliyats.Si gnal processor, or
ot her programmabl gltal | ogi ¢ devi ces, mhich

conmunj cat Wit ut / out pu [/ eV| 46. .

over aé busﬁh%?ms%ﬁl ?Hfﬁ%org oeh‘?‘ﬂ(i %ficg VherEppsaid

system over bus 452 typically through a rrem)ry
meggrropsiiniag. layades]a this Pﬁéoéageub‘ﬂﬂ@%oonputer system

the processor system may include peripheral devices

such ap a Therpitahics kafldble refidrydénentConmast 1 dw!vﬁ@rcm said
(CD) ROM drive 456, which al so comuni cate with

he bus 452. Menory 448 is preferably
Iné&ﬁ%&%r%£ﬂ§ Pas an |ntegrated circuit, which includes

one or_nore resistance variable nenory el enents 100.
It des¥r edthq Freistas vyriablameniory eleraentinfrrddimaf « whemkin said
processor, for exanple CPU 444, in a single integrated

silver tayoi hasi&ﬁﬂﬁicsibéabﬂﬁﬁ\modescrl ption and draw ngs are
only to be considered illustrative of exenplary

erbodi grent th Mk fsthnRE Vhfite hldindr§AdthER F Y AhALEsaid
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 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,,,, where x = 17 to 43.
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the invention. Mdification and substitutions to

specific process conditions and structures can be

made wi thout departing fromthe spirit and scope of

the invention. Accordingly, the invention is not to

be considered as being limted by the foregoing

description and draw ngs, but is only limted by the

scope t.he appended cl CLAI M5,

o of el as e AR defirn Memad SFBERL PEdary L shesia said

Patent of the United States is: 1. A resistance
firstanhialdogenidte rptasy laykeansh said sequrids¢hadrogenidei glass layer compnsc

el ectrode; a first chal cogeni de gl ass | ayer

geBh86iuin Satdide g&uphﬁ% @ s&ﬂtﬁoﬁﬁc&gx of AoRE TOHR;

]
second chal cogeni de ass | ayer over said flré%

chalco ass a netal, conta

bot weetSaat e FespEihcs YaHANE SAeOnLS 0GR PHEAIG Ly Shercin said

| ayers; a metal |ayer over said second chal cogenide
cogiuetve adhesion layee raichal¢agenadihglessdaydrayer over sai d

nmetal |ayer; and a second el ectrode electrically

coupl etl4t oTR@isERHRe Watihbie n@éﬂ‘l@?y‘ a&nch@aﬁam? 13 erein
reS|stance vari abl e nenDry elenent of claim 1, Wherein

s e S xS PaTn e i B 85 A of
claim 2, wherein said netal containing Iayer i's
staichigaretyefabione Gelldeo-

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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4. The resistance variable nenory el enent of claim3,
wherein said silver-selenide |ayer is represented by
the forrmula Age +/-XSe and wherein x ranges from
about 1 to about 0. 5. The resistance variable nmenory
el ement of claim1, wherein said netal containing
| ayer has a thickness of about 1to 5 tines the
t hi ckness of t he rst and coq@ chal cogeni de gl ass
| ayer ¢ mgtal ‘F‘H%t%%g YS’n@%cr 13¥ehory el ement of
claim1, wherein said netal containing |ayer has a
t hi cknessond chidongendd®glass [dyeridver sad ins¢tahnomtsiaimgleye;
menory el ement of claiml1l, wherein said netal |ayer
is sily [ I nt
o ol 4 g e A e g R e R e
of about 200 A. 9. The resistance v ilIble menor
o1 oot CoBHANEHE Adiesiqiiay e o S Stk AR PGB de
gl ass layer and said second chal cogeni de gl ass | ayer
each heseeond elehirodaekstrifallnlsoupled @0 saidtcondotve ddi@SioA.
10. The resistance variable nenory el enent of claim1,
laydferein said first chal cogenide glass layer and said
second chalcogenlde gl ass |l ayer each have a thickness
of abag 11. The reS|stanc van
el eme oflﬁtﬁ reistance Yarabls memery € cf‘??%tto ézlil?ﬂ“cﬁ Vﬁ%ﬂgm
gl ass layer and said second chal cogeni de gl ass | ayer
said onpali @mtaEningeayariish siteeriabglcagtnidaldysr.GeXSel oo_ X,
where x = 17 to 43. 19 12. The resistance variabl e
menor el efRiesigfaneé drfble MM 9 elerie@itbf dldimS20, wherein

chalcogenlde glass layer and said second chal cogeni de
ﬁu%£§f§i|a¥er cqﬁ rhgghggﬁcnan ggggelenlde gl ass havi ng
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 mémory 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,_thrcin

said second silver layer has a thickness of about 200 A,
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13. The resistance variable nenory el ement of claiml,
wherein said conductive adhesion |ayer is a
chal cogeni de gl ass layer. 14. The resistance vari abl e
menory el ement of claim 13, wherein said conductive
adhesi on [ ayer is germani um sel eni de gl ass having a
stoichionetry of about Ge40Se60. 15. The resistance
vari a nory. el ement  of claim sai d
conducifvffgdlf?é@faaﬁc Yagipble wggwaytcﬁ‘aﬂe%é& % %h otheraigo
A. 16. The resistance variable nenory el enent of claim
said firstivhaledgeside grlass layet arahwlids sarond chhleogemide glas yer each
sel ected fromthe group consisting of tungsten,

haJBaClﬂﬁékncE@Bf@Ad{{mo@M%%BﬁtP(*)@Ghnum silver, and

conductive nitrides. 17. The resi stance varlable

Menor y, nt of cl ai 5, wher ej said fir .
o1 oot e T tesigofe Fedapl e elsfasrl e Slajy i prherein
menory el ement of claim 15, wherein said second

said fiest tcheldegemide ghasalayen isicomipdises sil9er-doped clsdleograide glass.
vari abl e nenory el enment conprising: a first

el ect rpgle T Ieklgéhc@bﬁia%wﬁ@hﬁﬁy Q1A FXEfim 19, wherein
electrlcally coupl ed to said first electrode first

saif e chaftEnidt elash Ay ] i oBna el fonenids aafaéybyg cgch

second chal cogeni de Iass | ayer over said netal
haveontha¢lmiesgyof aymrt;1506Asecond netal | ayer over said
second chal cogeni de gl ass | ayer; a conductive adhesi on

| ayer 3u/erTiddedis@fe094iabld f{l@fnd ?xé&rmcrﬁraf cPai®CERReherein
el ectrode electrically coupled to sai d conductive

said %.rs% chglcogcmdc glass layer and said second chalcogenide glass layer

comprise a material having a formula Ge,Se,y.,, 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 layer
comprise germanium selenide glass having a stoichiometry of about Ge,,Se,.

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

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

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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| ayer. 20. The resistance variable nenory el enment of
claim19, wherein said netal containing |layer is a
silver-chal cogeni de |layer. 21. The resistance vari abl e
menory el ement of claim20,.wherein said netal
containing layer is silver-selenide. 22. The

resi stance variable nenory el enent of claim 19,

wher ei id netal containing |ayer ha .t hjckness.
of abotl- it SR Pty Bedhet o 105G Fm
second chal cogeni de gl ass | ayers. 23. The resistance
said firstzpidscnend elpcubdesare sdectefl dram the gy ednsistingjaf
netal containing |ayer has a thickness of about 470 A
uu%tcﬁ[hﬁcl&rcg&bﬁiaﬂﬂﬁ,ealﬁﬂﬁmﬁm ?laﬁlﬁ{mf, ¥né!cOREREH nididdsM
19, wherein said first netal |ayer and said second

net al y are. silver. .25 The resi . iabl e .

renory* & ehREfSisfngt St iy R ELATRIR Dioin

layer has a thickness of about 35 A to about 50. A 26.
saigiastredeqtendgris SUngstItabl e nenory el ement of clai m 24,

wherein said second silver layer has a thickness of

about 200 Phe listihce Virgable ficti @iy et SHUlEmBIBHYerein
el ement of claim 24, wherein said first chal cogeni de

Sdgggﬁﬁutaggéog$ﬁﬁ%agﬂm§%%ﬁgg chal cogeni de gl ass | ayer

ave a ness dbout 100 A to about 1000 A
28. The resistance variable nenory el enent of c|aim
19, whf-eith mashpd of forsning aeasgBes walahlemsmosy glement
conprises silver-doped chal cogeni de glass. 29. The

cofmpsisiigathe 8tepardfabl e menory el ement of claim 19,
wherein said first chal cogeni de gl ass |ayer and said

SeCO”d&fﬁ@%%Q%i@é%%d@d@§s | ayer each have a thickness

of abou

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

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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30. The resistance variable nenory el enent of claim
19, "wherein said first chal cogenide glass |ayer and
sai d second chal cogeni de gl ass | ayer conprise a
material having a fornmula Ge,.Sel oo-x, where x = 17 to
43. 31. The resistance variable nenory el enment of
claim19, wherein said first chal cogenide glass |ayer

g e o JRe AL el oOmRE L SShaver i

about (Ge40Se6o0 32. The resistance variable nenDry
sihelrsatenideof cl ai m 19, wherein said conductive adhesion
| ayer is a chalcogenide gl ass layer. 33. The

resi stanceyy, %rnconéﬁ of @RI ¥o ShAPRN Taﬁ’cﬁ nfétﬁ'c@n%ﬁmnﬁ la¥ﬁr has

wherein  sai ctive adhesion layer Is gernafm

eni d I as v1 n | chi try of .about
« chEkBash Hatt e ot Derbickpimidihe B dorreebhent of
cIa|n132,.mhere|n sai d conductive adhesion | ayer has
chdcogrmdmglsss lafermbout 100 A. 22 35. The resistance
vari abl e nenory el enent of claim19,- wherein said

first gnd mecoRthd 6C44iR1189, hereiPids hitfall dodMihl layer has
group conS|st|ng of tungsten, nickel, tantal um

tﬁg gﬁ] 8 a%hg and conducti ve nltrldes 36. The
83 U e menory el enent of claim 35,
V\,hereln said first electrode is tungsten. 37. The

r esi st 4hcelheamitisideofhdator §8 ewbareint sadd mudtalilaye33s silver.
wherein said second electrode is tantalumnitride 38.

A met hpd ofhd Refdiofclaifs 3! ARER Y Sid SiR/ed le{V%P”Bﬁé’ a thickness
el enent  conprising the steps of formng a first

ect formng a first chal cogeni de gl ass | ayer
°f§’ #@ggrly coupled to said first

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,q,,, 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,,Se,.
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el ectrode; form ng a second chal cogeni de gl ass | ayer
over said first chal cogenide glass layer; formng a
netal containing | ayer between said first and second
chal cogeni de gl ass layers; formng a metal |ayer over
sai d second chal cogeni de glass layer; formng a
conducti ve adhesion | ayer over said netal |ayer; and
form ng a fop electrode electrically coupled to, said
conduct?y e BEmeE 5%1%?5 L yhorenh sishEoRBacwe ibssifn layer
38, wherein said netal containing |layer is a

is sthalevgenidd glaggdajiede | ayer. 23 40. The nmethod of claim
39, wherein said nmetal containing |ayer is

silversgelend fistafide vaibl Ry Uerdit @ Of 38m &?,e& ¢1ein
said nmetal containing [ayer has® a thickness o0t about
d to,5 tines the thickness of the fjrst and second

sait PR PR e Sy B Baniim seaide b PABOEA af m 39,
wherein said netal containing |ayer has a thickness

stap¢hiatmety of 200t G43Se.fhe net hod of claim 38, wherein
said netal layer is silver. 44. The nethod of claim

42, whey ei i ' ; e L fosi
£ S oo R e, BARLEARSS. i v

ey P EORPHEOALD Rayer each have a thi ckness. of
about 100 A to about 1000 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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46. The nethod of claim45, wherein said first

chal cogeni de glass |ayer and said second chal cogeni de

gl ass | ayer each have a thickness of about 150 A 47.

The met hod of claim 38, wherein said first

chal cogeni de glass |ayer and said second chal cogeni de

gl ass layer conprise a material having a fornula

CGe. Sel go ,,, where, x 43. .48. The, net hod ,of

cl ai m #A aesand el iy Yngvm%weﬁa&éﬂgpg%%dc Bla5er

and sai d second chal cogeni de gl ass | ayer conprise
layger mani um sel eni de gl ass having a stoichionetry of

about Ge40Se60. 24 49. The nethod of claim 38, wherein

sal d_crpdisk 'a\egmaqh&\%e RihebiBrnak crlo%@sﬁ@@émelﬂm?laya and

ayer

gl ass Re Tesi st ance vari abl e rrermry

el ement. of claim4 erein  said conduct dhesi on
| ayer %@“ﬁ%ﬁ ﬁéﬁplﬁlﬁ%ﬁﬁ aﬂé{guﬁ%ﬁ donductive
stoichionetty of about Ge40Se60. 51. The met hod of
adbtsomia4®r. wherei n sai d conductive adhesi on | ayer has
a thickness of about 100 A. 52. The nethod of claim
38, fustherheafBthbd iofglali $4S Wakkr@h @mln)!taﬂ‘gon@unng layer is a
condltlonlng potential acrods the menory el enent
11str ure. j The net hod of claimb52, wherein the
silyrprrdlopeaRided?YeLai d  conditioning potential ranges
from about 100 nanoseconds to about 500 nanoseconds.
54. A b6t hble ofethod wif alpira S5¢ sthetreinceid/metad bbrtairemg tayer is
el ement conprising: formng a top el ectrode;

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 second
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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formng a first chal cogeni de glass |ayer; formng a
first nmetal |layer electrically coupled to said first
chal cogeni de gl ass layer; formng a netal containing
| ayer over said netal |ayer; formng a second

chal cogeni de gl ass | ayer over said netal containing
| ayer; 25 forming a second netal |ayer over said

second.gh en l.ass Ia er ; for a condu t|
adnes: S T 1pERhaf £LREE a4, HBHin g Rk RRE
formng a top el ectrode electrlcallg coupled to sald
layen aad stidsecondiRed¢agenideyglass lomr exeehave higdclotesepbatput 100
54, wherein said nmetal containing |layer is a
A & hb@ir- X000 Aogeni de | ayer. 56. The nethod of clai m 55,
wherein said netal containing | ayer is
sil ver g el t m 54, wher
sai d rre? 'fg%n eatlhﬁ‘lzr?legﬁn%% %g:n%ﬁ 3ﬁr tn(g"sa%co(%emcgcoé}?ss
1to 5 tines the thlckness of the flrst and second
layenand sgdreeend rhaleogenider glassdayer vaeh haterwehidimess ef thay, 150
wherein said netal containing | ayer has a thickness
A.of about 470 A 59. The nmethod of clai m 54, V\,herel n

said first and second metal layers are silver.
The negho r f I
| ayer Elﬂ dTHé (E]ngggl %bgvbh{l %@ %d ﬁrEtS% %ﬁ'[d,& glass

layer and said second chalcogenide glass layer comprise a material having a
formula Ge,Se,q,.,, 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,,Se,.

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,,Se,.

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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61. The nethod of claimb59, wherein said second silver
| ayer has a thickness of about 200 A 26 62. The

nmet hod of claim54, wherein said first chal cogenide
glass layer and said second chal cogeni de gl ass | ayer
each have a thickness of about 100 A to about 1000 A
63. The nethod of claim62, wherein said first

chal coggni | ass , layer d ;sai.d .second chal cageni de
ol ass P9 erBedniBha ar i L 0HRALA SBE TG 1iBp OF 458
The nmethod of claim54, wherein said first
copitiening pogentil sanges froye Rbewl @ haneseeends tohaticcs §oNi de
gl ass layer conprise a material having a fornula
ndoR¥&Inde. X, where x = 17 to 43. 65. The nethod of

clai m 54, wherein said first chal cogeni de glass |ayer
and said sgcond chal cogeni de Iacscl yer conprise

ger mani Um Sefenide gras ¢ M§EA T SPERS ‘ry of
about Ge40Se60. 66. The nethod of claimb54, wherein
sai d ceMdticlesodgghesi on 1ayer is a chal cogenide

gl ass layer. 67. The resistance variable nenory

el ement fodt chlaRiogeHide gM3e e cleicalE QA PIEd ity Said QST ON
| ayer is germanium sel eni de gl ass having a

el |ehi onetry of about Ge40Se60. 68. The method of
clain’ 67, wherein said conductive adhesion |ayer has
a thickness of about 100 A 69. The nethod of claim
67, fupserondehnragsnids gless laes gver saighfrsy ichalcogenide glass
condi tioning potential across the nenory el enent

laygkry ucture. 27

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 clcm;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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70. The nmethod of claim68, wherein the pulse wi dth of
said conditioning potential ranges from about 100
nanoseconds to about 500 nanoseconds. 71. A

resi stance variable nmenory el enent conprising: a
first electrode; a first chal cogeni de gl ass | ayer
electrically coupled to said first electrode; a

secondy §hai“dﬁ gi%ﬁkﬂl%c GhASSte 'n?ééﬁéﬁ‘f&hc&@bﬁdm ?} wherein

chal cogeni ass | ayer; cont ai N ng

etween sajid fjrst and second hal co de glass
Smaaf?Q COI&W%\IaYFra9§ra Huekpeerofahoyt 14%534 chal cogeni de

gl ass layer and said netal containing |layer; and a

second7él €Ch¢ adtaice varialtlalmemoguidraent of daind73 eehadin

chalcogenide glass layer. 72. The resistance variable

smﬂ\%ﬂp{ayl gchrOf claim6l, wherein said netal
cont al nf ayer is a silver-chal cogeni de Iayer 73.

The rez&s nce vari abl e m)r el enent o cI aim72,
wher ei Qreistance é’&ﬁ? ﬁ‘P‘H@O‘W cmso laim 71, wherein

silver-selenide. 74. The resistance variable nenory
said|ferseritalooenidaiglass 1ayenhed eiid sesaiddchmibtoglenitiengladsiayeg each
| ayer has a thickness of about 1 to 5 tines the

ha&é‘h‘ﬂlﬁﬂﬁ‘éc%s B?ab&i‘telé(b Rsto #9000 chal cogeni de gl ass

| ayers. . The resistance variable nenory el ement

gf t ﬁ! ﬁg?e s eo%g%gﬁg var;xgllal%mngntlgxly e grﬂg:r?tl g criaglm %f whgrglsn
said first chalcogenide glass layer and said second chalcogenide glass layer
comprise a material having a formula Ge,Se,y,, 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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76. The resistance variable nmenory el enment of claim
71, -wherein said netal layer is silver. 77. The

resi stance variable nenory el enment of claim71,
wherein said first chal cogenide glass |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 nenory el.ement o | ai;m 71 erein said. .

(irst Ermoggeaeorsade up sk tloshialgcBuetd' sad firs

chal cogeni de gl ass |l ayer conprise a material having a
el¢asrade;a Ge. Sel 0o-:, where x = 17 to 43. 79. The

resi stance variable nenory el enment of claim71,

wher ei fornSiicth detb8d chilodERUENEMS 1aydSvet Q@ FirdtBakdEehide

second chal cogeni de gl ass | ayer conprise gernmani um

sel.eni de gl ass having a stoichionetry of about
Q@Ei@@@ﬁCl 80. The resistance variable nenory el enent

of claim71,.wherein said first and second el ectrodes

are selfermiog o motal cortagrng ryebhetvercnrsgiddirst anchspsoad,

ni ckel, tantalum alum num platinum silver, and
chaRidgefide \Basildyetsdes. 81. The resistance variable

menory el enment of claim71, wherein said first

Chal codunring gl oy BloRBRHAES: GladBenifRSs taver and

resi stance variable menory el enment conprising the

saist sl spntainipgilagr aavdr st el ectrode; 29 forning a
first chal cogeni de glass | ayer electrically coupled to
sai d f ifshingel @ptdl@dRidefddédttibdlyacoupla althsceogani de
gl ass |l ayer over said first chal cogenide glass |ayer;

ck%aﬁga)@éﬁ%c%ﬂ?tl@cr.com aining layer between said first

Seco

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 tf)ickncss 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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chal cogeni de gl ass layers; formng a netal |ayer

bet ween said first chal cogeni de gl ass | ayer and said
netal containing layer ; and formng a top el ectrode
el ectrically coupled to said second chal cogeni de

gl ass layer. 83. The nethod of claim 82, wherein said
metal containing layer is a silver-chal cogenide

| ayer. _84._.The net hod .of aim 82 el ai d t al

cont ai $¥ngl RajEthe OPE:}?’W 8?2 gvgﬂ]céﬁl 8%\129%?}. Cr}‘ficé’ BB So°

of claim 82, wherein said netal containing |ayer has
layar aund sdid sscorot chalbmgenidetglass layemsach haver hilumessobabauid 00

first and second chal cogenide glass |ayers. 86. The

A fRitnd 1Woochai m 82, wherein said metal containing
['ayer has a thickness of about 470 A. 87. The nethod

8. T8 ol o Egroa P Rn 32 Whsraf K i fialenide Bhass

chal cogeni de gl ass |ayer and said second chal cogeni de
laygt amd saidsecorshditaléngraide glassdiyresomytrisaBgnaterigbhavmg »
about 1000 A. 89. The nethod of claim82, wherein said

folnhhlg IGELG| coumRtde -dl7ags43] ayer and said second
chal codeni de gl ass layer conprise a material having a

f I I = . )
o1 0 CorRe s MUBE o, abh it B U 050

| ayer and said second chal cogeni de gl ass | ayer )
layevapd isaid sgeondhehalenasaideaglas layea sompiiseigegmanium selenide glass
stoi chionetry of about Ge40Se60.
having a stoichiometry of about Ge,Segq.
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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91. The nethod of claim82, further conprising the
step of applying a conditioning potential across the
menory el ement structure. 92. The method of claim 91,
wherein the pulse wwdth of said conditioning
potential ranges from about 100 nanoseconds to about
500 nanoseconds. 93. A resistance variable nenory
el enent conprising:. a first electrode; a first X
chal cog8rstanctgl laxer begyreen éalé @f%ticgléfcpg%lée (Blasy Taver ang gpid
first electrode; a second chal cogeni de gl ass | ayer
merdbcormainihd lagst, chal cogeni de gl ass [ayer; a netal
contai ning | ayer between said first and second

chal cogeniia mal el 8Y&s8i Blod ISz RIC bl AKRL: and

bet ween sali Irst-c cogeni de gl ass Tayer ~an

metal containing | ayer; a second netal,layer, over said
secondaémnéofé%%r%%,épgggﬂisyéfep?cdawosmdasweéﬁgnﬁogcmdc
el ectrode electrically coupled to said second

glosbddyengeni de gl ass layer. 94. The resistance variable
menory el enent of claim93, wherein said netal

cont ai 9 NIThAY&fstirtedafihbl¥ %erﬁ!a@: 4o9ent chlgﬁer 93, gzércin

The resistance vari able nenory enent o ai m 94,

Sﬂ@ﬁ%&%ﬁ£§@%@ﬁ$@ y%ggffo éghggag?gﬁ%ggvgfiable menory

el enent of claim93, wherein said first netal |ayer

i s sil@8r.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,Se,.

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

said first chalcogenide glass layer comprises silver-doped chalcogenide glass.
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97. The resistance variable nenory el enent of claim
96, wherein said second netal |ayer is silver. 98.
The resistance variable nmenory el enent of clai m 93,
wherein said first chal cogenide glass |ayer and said
second chal cogeni de gl ass | ayer conprise a materi al
having a fornmula Ce,, Sel oo_x, where x = 17 to 43. 99.
The resi stapce vari abl e .menory. el enent_,of cl ai m 93
aherdiy o5 Sorp B G oy Tlo bR et 5 Bigm

second chal cogeni de gl ass | ayer conprise gernmani um

comprs@i@ni de gl ass having a stoichionetry of about

Ge40Se60 100. The resistance variable nenory el ement

of cl i 2 ARekeRIchodeai d first chal cogenide glass
| ayer conprises silver-doped chal cogeni de gl ass. 32

108, PR LSRR S0 e ) A

formng a first chal cogeni de glass | ayer electrically
clecoogésed to said first electrode; formng a second
chal cogeni de gl ass | ayer over said first chal cogeni de

gl ass fhameig a s@otidnthakopBhide gl lgenbng shidhrst fedospenide
said first and second chal cogeni de gl ass |ayers;

ghf0é$1ng a first netal |ayer between said first
th ?bgenide gl ass layer and said netal containing
| ayer; formng a second netal |ayer over said second
chal cdgamingka gresalscontaiping layssdbergesn sid Arssapdsacond
el ectrode electrically coupled to said 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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chal cogeni de gl ass | ayer. 102. The nmethod of claim
101, wherein said netal containing.layer is
silver-sel enide. 103. The nethod of claim 101, wherein
said nmetal layer is silver. 104. The method of claim
101, wherein said first chal cogenide glass |ayer and
sai d second chal cogeni de gl ass | ayer conprise a

materjal haying a,foqr a xSel OO x, . wher =17t
13, 5081 05 EPRen o G CBim ) O EESR S Thalsqegride’ las
first chal cogenide glass |ayer and said second -

layer apitbdagd speondehglcagenitiaglass opepedmprispegarmaininm selkpidic ggass
glass having a stoichbionmetry of about Ge40Se60. 106.

havind B8tdIBLiBAL R ofebBuiGEAdsc40ir t her conprising the step
of applying a conditioning potential across the

meno ele t strugture. Z. ~The nethod.of claim
106, Wiier of o Bemerof il A@Brfrorgitng 1 kg of
potential ranges from about 100 nanoseconds to about
applyisg@ coangliperiogpescnt@liacross 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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