WD 03/ 071614 PCT/ US03/ 04385 Sl LVER- SELENI DE/ CHALCOGENI DE GLASS STACK FOR
RESI STANCE VARI ABLE MEMORY FI ELD OF THE | NVENTI ON [ 0001] The invention

rel at es twotohe7fei€l d of random access nmenory (RAM devi cesTiusosredsiisi ng a
resi stance variable material, and in particular to a resistance variable
menory el ement forned using chal cogeni de gl ass. BACKGROUND OF THE | NVENTI ON
[ 0002] A well known sem conductor conponent is sem conductor nenory, such
as a random access nenory (RAM. RAM pernits repeated read and wite
operations on nenory elenents. Typically, RAM devices are volatile, in

that, stored j ' [ or
renoved. Non-| Sﬂffﬁ%sm?@%ﬁﬁ%@gyﬁﬁ%%g %@%g%@g random access
memory (DRAM),  synchrongiag i A@g?ii g oRyory (SDRAM and
static random access rrermrysﬁggig)}a.cvlrn a itEi on, DRAMS and SDRAMS al so
typically store data in capacitors which require periodic refreshing to
mai ntain the stored data. [BDEBD OF TEIRINWENTIONhe nunber and density of
menory elements in nenory devices have been increasing. Accordingly, the
size of each el enent has been shrinking, which in the case of DRAMs al so
shortens t hé0@Pkhent ' Fheanucntins wilaves ta ths.field pf wadom ageesrmsmesntfdMevi ce

relies on,el.ement capacity for data ,stora and.recei ves. a ref conmmand
b conistsetam Sl Bt iridineereb Bt 208 BESURT f actulfid
However, wi j i (Egﬁgﬁt Qgﬁr% iy, it is becom ng nore
and nore |Jfglpllécltli}l€{n%?%ﬂr%e C(rﬁcltag adl me efrléillerbc;%izernen gésgt | east once w tghi n a

refresh period. In addition, refresh operations consune power. [0004]
Recently resistance vaBAGKEGROUWND OFSHEE INVEINAAONCc| udes programmabl e

conduct or rrermrg el ements, have been investigated for suitability as
[0002] A well known semiconductor component is semiconductor

memory, such as a random access memory (RAM). RAM permits repeated read and

write operations on memory elements. Typically, RAM devices are volatile, in that
stored data is lost once the power source is disconnected or removed. Non;limitir}g :
;:)'(amplcs of RAM devices include dynamic random access memory (DRAM),
synchronized dynamic random access memory (SDRAM) and static random access
memory (SRAM). In addition, DRAMS and SDRAMS also typically store data in

capacitors which require periodic refreshing to maintain the stored data.

[0003] In recent years, the number and density of memory elements in
memol‘y devices have been increasing. Accordingly, the size of each element has
been shrinking, which in the case of DRAMs also shortens the element’s data
holding time. Typically, a DRAM memory device relies on element capacity for data
storage and receives a refresh command in a conventional standardized cycle, about
every 100 milliseconds. However, with increasing element number and density, it is
becoming more and more difficult to refresh all memory elements at least once

within a refresh period. In addition, refresh operations consume power.

[0004] Recently resistance variable memory elements, which includes
programmable conductor memory elements, have been investigated for suitability as

semi-volatile and non-volatile random access memory elements. Kozicki et al. in



sem -vol atile and non-vol atile random access nenory el ements. Kozicki et
al. in 1 W 03/071614 PCT/US03/04385 U.S. Patent Nos. 5,761, 115; 5, 896, 312;
5,914, 893woana781084, 796, di scl oses a programuabl e condu®CarUSIBM3RY

el ement including an insulating dielectric material formed of a

chal cogeni de gl ass di sposed between two el ectrodes. A conductive nmaterial,
such as silver, is incorporated into the dielectric material. The

resi stance of the dielectric material can be changed between high

resi st ancg QP dRN6E£ S, B6BNTE; 5398132; 5 e, $9 Rgmnaln60BbL FIsodisdosasra menory i s
normal ly in a high resistance state when at rest, A wite operation to a

| ow r esi spragransiblecconsluptarfroemety domeptpingiudingan insilasipe deleercimgieddl oss
the two e] ectrodes, The chani sm b i ch the resistanc of t he el enment

i s change}@r%dr?gta halcog ﬁ@%ﬁ%ﬁ%dl BHE ‘E"H%SE?@%% CRRIBVe 71 cki et
al-. the GOROMEhuehysRRPaliflofdifttlifid MRlitiBbuiREARLSTR: RESUGLY6A
change at a certarn appli’ed voltage with the growth of a conductive
dendrite @ diélet@idanitctel ot dhaged betweetdigletdsatiiceany lowtresicamreect i ng
the two el ectrodes and setting tﬁe menory elenment in a | ow resistance
state. Theawendhetprogramimahlgisondectoymemarntiivuetmallydnedyph resitancest4tap| e

mat eri al i ef?ﬁ{)ath of |east resistance. .OOOSfJnSéThe Iog/ res({'%%]ange state

wi |l renalVACR At 5t FOIIIGPRCGHORLRRICRFFRIANGHENTIT PHIRGH BhthRAYEE S o
remved. e B ot RIHRE LIS THe Rl Blim by SHILRARE SRS DY
applying ar rse voltage potential between the electrodes of at | east
the same gf @ereléthemmigdhinittel iasioufdly dreleytodd. Thene kkemagtsuggestdieby ow

resi stance state. Again, the hlr%hly resistive state i s maintained once the
vol tage pBoeiaki etlali, she eanucsuclyTipsdiglectsio apeterid aypdersessn stugeiralon, for

exanmpl e, as a resistance yariabl e ry el ement haying two,resistance
st at es, ogeha Cﬂﬁtf‘ﬁnnaéjpl'\?ﬂ P @gecwgﬁg.gcéé;o‘rfgb%% ¢ @cgggfigwrét& Fesi st ance
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setting the memory element in a low resistance state. The dendrite is thought to

grow through the resistance variable material in a path of least resistance.

[0005] The low resistance state will remain intact for days or weeks after
the voltage potentials are removed. Such material can be returned to its high
resistance state by applying a reverse voltage potential between the electrodes of at
Jeast the same order of magnitude as used to write the element to the low resistance
state. “Again, the highly resistive state is maintained once the voltage potential is
removed. This way, such a device can function, for example, as a resistance variable

memory element having two resistance states, which can define two logic states.

[0006] One preferred resistance variable material comprises a chalcogenide
glass. A specific example is germanium-selenide (Ge,Se,q,,) comprising silver (Ag).
One method of providing silver to the germanium-selenide composition is to
initially form a germanium-selenide glass and then deposit a thin layer of silver upon
the glass, for example by sputtering, physical vapor deposition, or other known
techniques in the art. The layer of silver is irradiated, preferably with
electromagnetic energy at a wavelength less than 600 nanometers, so that the energy

passes through the silver and to the silver/glass interface, to break a chalcogenide
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One nmethod of providing silver to the germani um sel eni de conposition is to
initially forma germani umsel eni de gl ass and then deposit a thin |ayer of
silver upwo o3wheigl ass, for exanpl e by sputtering, physi cRCTIEO®04385
deposition, or other known techniques in the art. The layer of silver is
irradi ated, preferably with el ectromagnetic energy at a wavel ength | ess
than 600 nanoneters, so that the energy passes through the silver and to
the silver/glass interface, to break a chal cogenide 2 WO 03/071614

PCT/ US03/ 8438 of Benchaéogdehdcinateeabarchdhatuhicarlasalis dopdd dhphotodeped eith i s
doped or photodoped with silver. Silver may also be provided to the gl ass
by processilvisg Sheergnasalsabe previfedo theglass Pytprecessiog e glass with silver, as
silver-germgni um sel eni de gl ass. Anot.her  net hod . f or oviding .petal to the
glass is UbUTERA aﬁa é’T‘fcésﬁg?‘“W‘@?'P‘g%‘PB%&Pé%i 08}%1%&?#&% E‘%&dﬁ%ni de
glass. [0QQ.f) o Theehat fiacBﬁﬁ‘-oWdE*& 158 of SV REIARENAMS o BfmANGRE RUEdd NY
silver into the glrass, the degree and nature of the crystallinity of the
chal cogenigties.mat erial of the nenory elenent has a direct bearing upon its

progranmm ng characteristics. Accordingly, current processes for
i ncorporating silver require the precise control the anounts of

f
Ge. Sel oo gl 04hd si | Ipegccordange “ﬁ@tthFGuFlﬁ‘@bP}eéh?q?%/oﬁ)‘Bﬁ‘érﬂoﬁw AWEr and

i mproperly alter.the, crystallinity of-the chalg i de i: ent
processes X‘étlos%e g}aéﬁf‘}}j? é%%{%c &P n%%ﬁceocfttb% R SFaﬁflﬁg'gogf;%lg tChg‘? égéc%&% %at%%‘{l of the
gl ass to peh RchitRl cRimdRhab 4 diteBEBERREAIRM iw%ﬁ) f8nthgshabicligidshe gl ass
backbone remains in" the glass formng region. T0O008] Furthernore, during
seni condudicoordimgly.caniany proctssas fpatkarpongringsilvar fejrirecte gutcovel apintail of
structure that incoqr#porat es the mempry el enment, the el rr&nt un ergogs

ther mal cyls amguas Af&asSpwocHasiang silygaso By RRESINAYIE QR&uthe glags an

substanti al anounts of, silver. m gr-af i inta.th npr t
uncontr ol I@Bf@?eﬁyf@gr #hcc %tﬁw%fﬁl&%%éogegﬁi G lﬁ? %E%gge&ﬁg’!ﬁg??%é Fsesﬁsé?ll °ma
resul t inf@gkareful selection of the exact stoichiometry of the glass to ensure that silver is

incorporated into the glass while the glass backbone remains in the glass forming

region.

[0008] Furthermore, during semiconductor processing and/or packaging
of a fabricated original structure that incorporates the memory element, the element
undergoes thermal cycling or heat processing. Heat processing can result in
substantial amounts of silver migrating into the memory element uncontrollably.
Too much silver incorporated into the memory element may result in faster

degradation, i.e., a short life, and eventually device failure.

[0009] Accordingly, there is a need for a resistance variable memory
element having improved memory retention and switching characteristics. There is
also a need for a chalcogenide glass memory element that is resistant to silver

migration during thermal processing.

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

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

"\ ; \‘. : 3



degradation, i.e., a short life, and eventually device failure. [0009]
Accordingly, there is a need for a resistance variable nenory el enent
havi ng i nrypasedienenory retenti on and swi tchi ng characteri PCrAs03/4385e i s
al so a need for a chal cogenide glass nenory elenent that is resistant to
silver mgration during thermal processing. BRI EF SUMVARY OF THE | NVENTI ON
[0010] In a first enbodinent, the invention provides a resistance variable
menory el ement and a nmethod of form ng the resistance variable nmenory

el ement | | t C @t B, lo]d gﬁgﬁh@ﬂﬁi

chal cogeni e%g%§g§%?%§$§k§ WO 05?%%%6%%“%&%#%%&%%04 é%ggnd a seéggg&glass
| ayer. Ongndbnbok et nidrel @msaidgaligdrs nmbdygrosiojed betwedn therglisallayeend one
or nore netal containing |ayers may be provi ded between the glass |ayers.
[0011] In a narrower aspect of the first enbodinment, the invention

provi des a MORBLY el enfBrt nagrRIver avReed the firs cmbaginpRe, fBeHvgnEPRent in

which at | east one |ayer of silver-selenide is r ef, . L.rst

chal cogenP & l%ise?slgeﬁng%%emg%a%d §é‘&%t§8dgﬂ afd rsmllngyttélg ﬁ%ﬁoegseel%%%} %I‘Iéﬂélgﬁl ayer
may al so bejegs (Rl ISR VP kiR rLiRaRIe i PFRled Ddthedd aGkst Rhalc8y&tide GRAPRYE NT 2
first chal cogenide glass, a silver-selenide |layer, and a second gl ass

| ayer ar eafidnsedbrokglasdayet Wi hesachict ghuss lhpsranay dso b¢ echalodgsidd glass
variation of the first enbodi ment of the jnvention, the stack of |ayers nmay
contain hyee Thastaghe! ayeryspmpaising st sharogsaidiealass helverarispidledgs gl ass

| ayer and. {08 e a5RORtk A0 el RS A BIORNELARIIAL |80 o GG I Y

embodi menf™ co ass yer may ai n

chal cogeni, §gristi s 8f HRYBSSerAPSUiRt oF BEORHeAHiGS Sthe 3%Rk oMy fsQih@tsha ti pl e
gl ass layers. Thus the stack of |layers may contain one oOr nore silver

sel eni de hmyrethan ane sitvieaselemidt dayer betweeaahh chilhegerfide glass bpinundrtha
mul ti-layered chal cogenide glass |ayer and a nulti-lI ayertﬁd second gl ass

| ayer. | nssrendegles ke i apqthenvasiationeofithe Sestempndimeht the §5tor nore of

each of t Qﬁalcogcnidc glass layer may contain multiple chalcogenide glass layers and the
second glass layer may contain multiple glass layers. Thus the stack of layers may
;6ntajn one or more silver selenide layers in serial contact with each other formed
between a multi-layered chalcogenide glass layer and a multi-layered second glass
layer. In yet another variation of the first embodiment, one or more of each of the
first chalcogenide glass layers and the second glass layers may contain a metal

dopant, for example, a silver dopant.

[0012] According to a second embodiment, the invention provides a
memory element and a method of forming a memory element comprising a plurality
of alternating layers of chalcogenide glass and metal containing layers, whereby the
layers start with a first chlacogenide glass layer and end with a last chalcogenide glass
layer, with the first chalcogenide glass layer contacting a first electrode and the last
chalcogenide glass layer contacting a second electrode. Thus, the plurality of
alternating layers of chalcogenide glass layers and metal containing layers are stacked
between two electrodes. The metal containing layers preferably comprises a silver-
chalcogenide, such as silver-selenide. In a variation of the second embodiment, the
metal containing layers may each contain a plurality of metal containing layers. In

another variation of the second embodiment, the chalcogenide glass layers may each
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first chal cogeni de glass | ayers and the second gl ass |layers may contain a
nmetal dopant, for exanple, a silver dopant. [0012] According to a second
enbodi nenwp oBlgtsitivent i on provi des a nenory el enent and &CmaiSado438d
formng a nmenory elenent conprising a plurality of alternating |ayers of
chal cogeni de gl ass and netal containing | ayers, whereby the |ayers start
with a first chlacogenide glass | ayer and end with a | ast chal cogeni de
glass layer, with the first chal cogenide gl ass |ayer contacting a first

el ectrode. and th X i r -1 ond

el ectr odec.oa}’f%ﬂsa, ﬁ?h%i%%?%?%@?gg& gigﬁsg& r ?\%tilrﬁygé%laggg%%g%éﬁc}ﬂlaﬁ%gini de gl ass
| ayers angnpBdidhertO8h@bhhitde bARRS chaldopefiideqiad layest meetoritaln eiveedlr odes. The
nmetal containing |ayers preferably conprises a silver- chal cogeni de, such
as si | verdemingfod exarhplegasiiver alopemt. of t he second enbodi ment, the nmeta
containing layers may each contain a plurality of nmetal containing | ayers.

| ayers my cach 4 WBGBIRBERIGDAIEEE DRATNGSO O Al ity or

chal cogent dgog} 865 | ayalse o) HEL AAHAGHAWAVLALEYLAhe tRchriof TARMTeN

one or nore-o0 ne chal’cogeni de gl'ass lTayers nmay“contain a opant,
for exanph&@terdurickit6bd Gopaic foBBWaTy BESIRI Bd-Ehioh, WhithDRAMVNGED 1n0013]

These and other features and advantages of the invention will be 'better
under st oocbrinegtivn wath did apapmganidngdravingescri ption, which is provided in
connection with the acconpanying drawi ngs. [0014] FIG 1l illustrates a

- ti i ! | t fabri.cat i d ith
(1 rat emboctABM of t HIGAVIREFHR ARPSREa R LTIER a2 BERGY SFBRbcess! ng
[0015] FI & ricadeli i §¢J&H&‘1§cc%£ﬁ 2355280 dARRhe ¥F Al Pleddish MR aht%ﬂent of

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

+ [0015] FIG. 2 illustrates a cross-sectional view of the memory element of

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

[0016] FIG. 3 illustrates a cross-sectional view of the memory element of

FIG. 1 at a stage of processing subsequent to that shown in FIG. 2.

[0017] FIG. 4 illustrates a cross-sectional view of the memory element of

FIG. 1 at a stage of processing subsequent to that shown in FIG. 3.

[0018] FIG. 5 illustrates a cross-sectional view of the memory element of

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

[0019] FIG. 6 illustrates a cross-sectional view of the memory element of

FIG. 1 at a stage of processing subsequent to that shown in FIG. 5.

[0020] FIG. 7 illustrates a cross-sectional view of the memory element of

FIG. 1 at a stage of processing subsequent to that shown in FIG. 6.

[0021] FIG. 8 illustrates a cross-sectional view of the memory element of
FIG. 1 in accordance with a variation of the first embodiment of the invention at a

stage of processing subsequent to that shown in FIG. 4.



[0016] FIG 3 illustrates a cross-sectional view of the nenory el enent of
FIG 1 at a stage of processing subsequent to that shown in FIG 2. [0017]
FIG 4 ilwogsnatees a cross-sectional view of the nenory elperarsn3/ofiss FI G 1
at a stage of processing subsequent to that shown in FIG 3. [0018] FIG 5
illustrates a cross-sectional view of the nenory elenent of FIG 1 at a
stage of processing subsequent to that showmn in FIG 4. [0019] FIG 6
illustrates a cross- séctional view of the nenory element of FIG 1 at a

stage of pr ?66??]0”9 syl §tr&t9s 4 @%&s-ﬁ}%ﬂd \Hevﬁ'o@a s@cox{cpé}ﬁ%dlﬁ{cﬁt of

illustrates-a cross- sectlona VI ew 0 menory element of FIG 1 at a

stage of fHeafemSyelehidas oftafinveidrhata shigowf procEdsiig subs¢ditat o Hat. 8
illustrates a cross-sectional view of the nmenory element of FIG 1 in
accor dancshomnt in BIGad.i ati on of the first enbodi ment of the invention at a
stage of processing subsequent to that shown in FIG 4. 5 V\D 03/ 071614

PCT/ US03/ 04 022] | lustrates a,cross-section of a second
enbodi nent 3882 ﬁ rﬁiﬁel& @H?etﬁatte ot CPRESGROBAL P ER © taV§r1§ %ng(e) of- processing
subsequent. tog teHﬂntodn%Q WO iH2 rﬁérﬁogﬁ ele@R23H tie! ifve kb d disthSA6Msrolessing

cross-sectional view o a variati of the second enbodi nent ‘of the nmenory
el ement ofubsbgudnt\tenhitahoatn ia Biage of processing subsequent to that shown
in FIG 4. [0024] FIG 11 illustrates a conputer system having a nmenory

el ement fornmed according to the invention. DETAILED DESCRI PTI ON OF THE

| NVENTI ON [ d092%] | n trﬁqg dii @Wtﬁﬁeﬂéﬁ%ﬁpwrd@%fﬁf’%ﬁ megray sk&¥nts made

to variou ecifi dinments of the invention. These enbodi nents are
descri bed?%m ﬁacgﬁrrdﬁl?%Pb CEY ™t o enabl e those skilled in the art to
practice the invention. It is to be
DETAILED DESCRIPTION OF THE INVENTION
[0025] 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. Itis 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.

[0026] 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 description, previous
process steps may have been utilized to form regions or junctions in or over the base

semiconductor or foundation.

[0027] 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



understood that other enbodi nents may be enpl oyed, and that various
structural, logical and electrical changes may be nmade w t hout departing
from t he wpiosiotiess scope of the invention. [0026] The tercT/sS0b6s438R¢L "
used in the foll ow ng description may include any supporting structure
including but not limted to a sem conductor substrate that has an exposed
substrate surface. A sem conductor substrate should be understood to

i nclude silicon-on-insulator (SA), silicon-on-sapphire (SOS), doped and

undoped %%%ﬁ%ﬁ%@'&ﬂod’gpisttﬁé iéygxksikﬁxaﬁa_&i:l&&i@l Pf&p&@ﬁé‘%ﬂiﬁé%ﬁﬁkr%mainbase

sem conduct or ation,” and er sem conductor structures. Wen

ref erencairichang@mtle to a sem conductor substrate or wafer in the follow ng

description, previous process steps may have been utilized to formregions

or junctions in _or over the base seni cor_ld,uct%‘rs or _foluadat i.on. [CQ027 The
|- L

term "sil vet®03&] i nt eABederd “FW@Fﬁ%’éﬂ%’S? IR Fiéﬁéﬂ Fe S SPEHET i | ver
et al o adlsiomdE cruid B sl e Ry Sk e SEEPHRRL Gt dt oty

0 ctor ry, ong as suc ver all oy

is 6 WO Q3{ Q&iHté ggg@pﬁgﬁ/gﬁg@@g_wcti ve, and as long as the physical
and el ectrical propérties of the sifver remain unchanged. [0028] The term
"silver-selenide" is intended to include various species of

si | ver - sel efid@29] i ncl Tiertgrms Snmnspelatilesnompny ihavended 1o gieludo@wss or
deficit of silver, for instance, Ag2Se, 2. XSe, and Ag2 XSe. 029] The
t er m " sedPCRHSFBEFYIEE %?mmtwg‘q%dﬁég&a;%f) VRS Ehipe Y & ce or

el ement whi ] I LNl i ke Biielemipovner is

removed fproé)(r‘;r%l%gc ev?(t?ég ﬁm;ﬁ g?%?%l%ggﬂ%%%&?f&n& " Thus; Csnél m -
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 memory devices, but also non-volatile

memory devices.

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

comprising a silver selenide layer.

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

resistance change in response to an applied voltage.

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

tellurium (Te), polonium (Po), and oxygen (O).

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

which illustrate exemplary embodiments of a resistance variable memory element
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vol atil e nmenory devices are capable of retaining stored data after the
power source is disconnected or renoved. Accordingly, the term

"sem -volwDiB®7TwRSOry" is also intended to include not omCy/Gsen438dl atile
menory devices, but also non-volatile nenory devices. [0030] The term

"resistance variable material"” is intended to include chal cogenide
gl asses, and chalcogenide gl asses conprising a netal, such as silver. For
instance the term"resistance variable material"” includes silver doped

chal cogenigg lslae&ﬁaaacémtu%ﬁc HRrEHtSGh UREel & | Bﬁ%s 9bBRRSESof ﬁﬁﬁasﬂaahg?%gpl de

glass conprising a silver seleni | ayer . 031] "The term "resis

vari abl e AR2rfornedbeseniémiconduirensidditate 10,fot uxanploya sitomr yubstrate i,
i ncl udi ng progr ammabl e conductor nenory el ‘ement s, sem-volatile nenory

el ement s, showl rh@rumiﬂrsappdéhaféhemslmwmlsbm@nowmmmt ean befirmedmre

h | t 0032] .The ,t d

Clase” | SavarBRGEaupSf oRu S Sot Aihsartichs 9tpg§ubaﬁ5£%sgﬁ&ﬁs S o1 oup

VI A \/ f d
S %Shc A% g BEA ol MuBleilne, BHip0 Tt erre

to as chal cogens | eni um Te),

pol oni um (rB(l)a,tmgddydﬂ)ﬂ.)?Qﬁﬂy b@fornﬁ&ﬂﬂﬁ]&nﬂh@oﬂvﬂ\(ﬁpbnﬂﬁnmdthodhg\wc’dﬁaﬁxpI ai ned
with reference to FIGS. 1- which illustrate exenplary enbodi nents of a

resi st ancél"%’fé‘m% %cmﬁayva@pémsmw@b@ )oplrema €P@®Q@Y@4@ﬁ3‘i@0

accordance he in entlon depi or an i atlng
| ayer 12°F %353?7%?’[ CPOBINC éﬁ’m ’l‘hgb‘gsgfa&’ﬂtgg 3%(5 IB?Y E?(g éin Si I i con
substrat ecohy M%@Lﬂgﬁn BIRES i RAhs sNRbn diEdd &I0OSY, 3N |
el enent cgn bcé1 formed gla vari etysosf sﬂbst ra§iﬁ ﬁ%t egfcg (%3 ust
sem conduorarlowuhdécrmtesnstumfma&ral ,lang@yE mahpotieeranpl e, the [ nsul ating
| ayer 12 may be fornmed on a plastic substrate. The insulating |ayer 12 may
be formed by any_known deposition nethods, such as
[0034] A first electrode 14 is next formed over the insulating layer 12, as

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

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

ainong many others. A first dielectric layer 15 is next formed over the first electrode

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

those described above with reference to the insulating layer 12.

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

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



sputtering by chem cal vapor deposition (CVD), plasma enhanced CVD (PECVI))
or physical vapor deposition (PVD). The insulating |layer 12 may be forned
of a conwerBioorwad i nsul ati ng oxide, such as silicon oxi deCT3i02)438%
silicon nitride (Si3N4), or a lowdielectric constant material, anong many
others. [0034] A first electrode 14 is next fornmed over the insulating

| ayer 12, as also illustrated in FIG 1. The first el ectrode 14 may
conprise any conductive naterial, for exanple, tungsten, nickel, tantalum

al um num pl[@0BAYM orTisd fixsechalcoyenidy ghagylayer eotsas Aglhiy tickbored fogt ri c | ayer
15 is next formed over the first electrode 14. The first dielectric |ayer
15 may coalipwiog a metad gaptapringldfyensuech agsibier-s¢lenigls layerooedbaidisestlybed above

with reference to the ingul ati | ayer 12. .[0035] Referri. now.to FIG 2,
an openi n&cﬂ%‘“téatte?mpﬂg Ui el © t@@f’&%ggc 1ﬁu‘§’sasfao?ﬁ8 S"‘?‘W“ﬁ%e first
dielectri ' : Lh the
ore Cfor fybRtetodtice ThE APCLRGe il Bty BhARS iPliuicioW TELAOHAC A"
first chahregesive) dbpabclabatplenitlé dlsshebichivesuld dequies plidwedbpingtof théel ectric

layer 15, to fill in the opening 13, as shown in FIG 3. [0036] According
to a firssubshisteiwithnltratioleh sadiptiemt Homevendt isipostibledpalseggeal GBves) ass | ayer
17 is a germani u el eni de .gl ass hauvi a &G, ,Sel.qo- X .stoichi try. The
preferredSQP% %ﬁc&g}c Cr%lgﬁdia% ‘%é‘fﬁgse‘r? RAE V@ﬁ&%e%lﬁcrﬁffcné%o cl)QIBe438e57
and is o L6fishA out Ge40Se60. The first chal cogeni de glass |ayer
17 preferaﬁug ﬁégﬁatl’ltaﬁ%%gness from about 100 A to about 1000 A and is nore
preferably 150 A. 8 WD 03/071614 PCT/ US03/ 04385 [0037] The first

chal cogeni dg09B88%s | ayEBhe faraiasioasofahe fies shhlacghide ghasy layal 179\hiavigga net al
containing |ayer, such as _a silver-selenide |ayer, to be directly

deposi t edstoidvepatricampesition imagerdance BthaihsiIRventiopemay beasromplished

sl ver sel o de By Sland 8 F8MARY MpbHGosel SUSH e e dhiRRuh BHgr ke

selenium in the appropriate ratios, sputtering using a germanium-selenide target
having the desired stoichiometry, or chemical vapor deposition with stoichiometric
amounts of GeH, and SeH, gases (or various compositions of these gases), which
result in a germanium-selenide film of the desired stoichiometry are examples of

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

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

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

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



metal (silver) doped chal cogeni de gl ass, which would require photodopi ng of
the substrate with ultraviolet radiation. However, it is possible to also
met al (siwoas)p7iedope t he chal cogeni de gl ass | ayer, whi ch PETIUsSOpOI8RCt Wi th
the silver-selenide |ayer, as an optional variant. [0038] The formation of
the first chal cogenide glass layer 17, having a stoichionetric conposition
I n accordance with the invention nay be acconplished by any suitable

nmet hod. For instance, evaporation, co-sputtering germaniumand seleniumin

t he appr optdtah€ nictli ORtaiSidgtIhRir i thidler Iﬂlﬂarﬁtlﬁﬁﬁﬁﬁhaw@g&ﬁid%rglﬁe ldy8f.O%he
having the desired stoichionetry, or chem cal vapor osition with

st oi chi orrmatal(ronaanmmgtlayemﬁs ﬁm-lﬁuekmitsm—ﬁsg?amdsgl(ssdawar escribeclopglowi t i ons  of

t hese gases), C sul t er mani um se ide fil f | he esj red

st oi chi ontAPse P&F% az’)bérFEF ghicka CSS ﬁ’§ EchWCMaWWQé?f] tﬁ‘és r?FdIFH’éin i rst
chalcogen R iztst et al
cont ai ni ng%a 9&%@4@0\’ ef?%tr%}%? %glulde lsz CESOISE’S%%C?‘[ uf(%\?ef t he
first chahﬁ@gsauﬂmglm&&hkaw@fdslﬁe ﬁﬁéﬂ(neféstkbﬂtﬁe|sﬁvdi‘&%&h1d‘e,01&§rc’%l1§1b€lﬂvc|eﬁyer nay

be used. For instance, suitable netal containi ng | ayers include
si | ver - chabowgknd dbomtefyanms g8idtercthag uhé ihiekness bi/dhe foxt dwlcagadidsiglaser

Conbi it s B B! a5 e et Yy R 5 LA
processes a%dggaggggﬁ%%ﬁ; ?e%& Qﬁalcéséérﬂc? glﬁ&ll’%@r% k&;{/ 18. For instance,

physi cal vapor suc evapor at 1 ve deposition and
sputtering may be used. Qther processes such as chem cal vapor deposition,

tco evapor at i [@0497] depoRéfeirigy Aoway eI’ sekend gmsahwlez@ls foaed ooér thil ver
Sui ISL["eShLﬂvtgﬁvéiéﬁﬂln‘iiay?%”m? Bbe swpndatiss bagealovopmesiioport e anewhani sm
PCT/ US0s) ISR HIE iR PO REBAFS ST HHIGie ity FEPoyiedur ARLFREHES1 f r st
chal COgen'Al’s%, o 981U Ghat tHi&econd glass layer may prevent or regulate migration of
metal, such as silver, from an electrode into the element. Accordingly, although the
;:iact mechanism by which the second glass layer may regulate or prevent metal
migration is not clearly understood, the second glass layer may act as a silver
diffusion control layer. For use as a diffusion control layer, any suitable glass may be
used, including but not limited to chalcogenide glasses. The second chalcogenide
glass layer may, but need not, have the same stoichiometric composition as the first
chalcogenide glass layer, e.g., GexSel00-x. Thus, the second glass layer 20 may be
of a different material, different stoichiometry, and/or more rigid than the first

chalcogenide glass iayer 17.

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

include nitrides, metal, and other group 13-16 elements from the periodic table.
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metal containing layer is also thicker than a second gl ass | ayer, described
below. Mre preferably, the thickness of the |ayers are such that a ratio
of the siwoapAswleni de |ayer thickness to the first chal ecgarsosies3gs ass

| ayer thickness is between about 5:1 and about 1:1. In other words, the

t hi ckness of the silver-selenide |layer is between about 1 to about 5 tines
greater than the thickness of the first chal cogenide glass |ayer. Even
nore preferably, the ratio is between about 3.1:1 and about 2:1 silver-

sel eni de | aygp4bii cknepse tcKnctsSdf hBMyeRarBisteh tladsise LiByLtelbhite kayess.
[0041] Referring'nowto FIG 5 a second glass |layer 20 is forned over the

first silddeksss Bryreeet thaarthd ghicKinss sftwrdcghdighsd layar Rreferaldy,depteiafi on of
silver above the silver-selenide |ayer si ilver, cannot, be directly

ce
deposi t edthssilyer-sedenide layss thicknesg wgthejsgcq %‘é?SisléXFé 855 IHRETWERRARCY ass

| ayer may.prevent ory requl ate m grati t _ ] i from an
el ect rode5i ) ?lF] ute%‘ijhﬁ?r.c 3&8%15%3?%%1?3?&%){%&3%@& %E&H %é‘ga ?ﬂ%c gsﬁgi trgm by
whi ch t hey5eaRAhes §5the!sBod FARY 15RIW Btfedl aB6@VEBIL dRl @bouti L 3llveph i s not
clearly understood, the second glass |layer may act as a silver diffusion

control | syletide Fyer dsiekraess ® sticbhd glasnlagarthiadinessayBe, seaond glass bptra2@yl ass may

be used, including but not limted to_chal cogenid sses. The second
chal cogenperéeralyaas o thckpessdetwenn ‘ﬂ?%’é&oﬂoé‘,to H§9‘ét f@@ B {YREhi onetric
conpositi 0”5?%2@ Ji rst chal cogeni de glass | ayer, e.g., GexSel OO x. Thus,

t he seconH"S ayer 20 may be of a different material, different
stoichionetry, and/or nore rigid than the first chal cogenide glass |ayer

17. [0042] Tiuw4agcond Bhassinlativalof2he sédoat glae dhyas 2@ niliyf beisicomplisidd ol
| ayer may generally conprise any suitable glass material with the

except i onbghangis@eatdndetBads FoSinistamot schyghnied vaperedipasitioarpmporitisns cPor t he
second gl ass |ayer 20 include, Si Seéési,l i con-sel eni dE'I%j{o As Se

(ar seni c- SRIFEFHIEe OrSPRFCHRE AsRgasgracEhaying the,AfsiterhStuehipmessy, maype

conbi nat i %E@d of Ge, Ag, and Se. Any one of the suitable glass materials
may further Conprise snmall concentrations, i.e. |ess than about 3% of
dopants to include nitrides, netal, and other group 13-16 elenents from
the peri odi c[goaBlle.  Referring now to FIG. 6, a second conductive electrode material

22 is formed over the second glass layer 20. The second conductive electrode
material 22 may comprise any electrically conductive material, for example, tungsten,
tantalum, titanium, or silver, among many others. Typically, the second conductive
electrode material 22 comprises silver. Thus, advantageously, the second glass layer
20 may be chosen to considerably slow or prevent migration of electrically
conductive metals, such as silver, through the resistance variable memory element

100.

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

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

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

may be deposited on the first chalcogenide glass layer 17. Any number of silver-

11



10 WO 03/071614 PCT/ US03/ 04385 [0043] The thickness of the |ayers are such
that the silver-selenide |ayer thickness is greater than the thickness of
t he secomdogBassi14 ayer. Preferably, a ratio of the silverCzaiSesn43es | ayer
t hi ckness to the second gl ass | ayer thickness is between about 5:1 and
about 1:1. More preferably, the ratio of the silver-sel enide |ayer
thickness to the thickness of the second glass |ayer is between about
3.3:1 and about 2:1 silver- selenide |layer thickness to second gl ass | ayer

thi cknessgedihige 8§eRNHaPbERSed. AXEShoh inPFRE 68,3k dpisifal SedoRUGliNE SElchRiaveen
about 100 A to about I000 A and is nore preferably 1501. [0044] The

f or mat i onlagér 1N enaydwodapogited snlthy érst Riveraylehisledeyrn 8 subseghenbyo they sui t abl e
nmet hod. For instance, chem cal vapor deposition, evaporation, co-

sputteringﬁxﬁﬁﬂ§bﬂﬁPéh?W§1%§Hﬁ©4a target having the desired stoichionetry,
may be wused. . [0045] Referring nowto FIG 6, a second conductive

electrode minghsd! = 22rhedhlfiRdoANelacheis SEAPRE Ihfstal BXEheSDE b Second

conductive el'ec nay ‘conprise any electrically conductive
mat eri al, cb@birR¥anBta corttdMESd Bifers, &.aNfifktiialedite dyerb]is @eatst the@ror fiahg many
others. Typically, the second conductive electrode material 22 conprises
sil ver. Thushe dukamessaofabadirst, chalvogeudoghisylaies Tlgtotal thickwass dféhehosen to

consi derably. slo ent m ti f electrjcall duct i tal s,

such as. SPPRbMCc el EpPtRing Pt inaee etearar B thisirhncst ehfetrcond 655 [ 0046)
, Referri . i{] h.. di | 30

be 1 or medise it Bt g PRE Rl AREG Ay EORUEALER] Ebald P Iers™) TR

i sol at e t RebdtReés bBOGE]l YRhbaR B tifRFRiate! thaR ke A00ickOT tictse structure
fabrication over the substrate 10. Conventi onal Trocessing steps can then

be carri edhdaganide ghssdaydr@adlagcardinglebetvecenabont L ebabont H4inda greatgar i ous
cireuits gﬁann&rgotix}/ckggsrs@%sthe second glass layer. It is even more preferred that the total
thickness of the combined metal containing layers is between about 2 to about 3.3
times greater than the thicknesses of the first chalcogenide glass layer and the second

glass layer.

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

of the metal containing layer(s) is between about 2 to about 3.3 times greater than

12



[0047] In accordance with a variation of the first enbodi nent of the
I nvention, one or nore |layers of a netal containing material, such as
si |l ver - sewerBdei614may be deposited on the first chal cogeni @#eTgisayss3Bmnyer 17.
Any nunber of silver 11 WD 03/071614 PCT/ US03/ 04385 sel enide | ayers may be
used. As shown in FIG 8, an optional second silver-selenide |ayer 19 may
be deposited on the first silver-selenide |ayer 18 subsequent to the
processing step shown in FIG 4. [0048] The thickness of the layers is such

that the % @taltthickkegesofthetddgnbif@dBhe 8 niBt dyefOof dHaltiogenide Y@is§ an®- J-
silver-selenide layers, is greater than or equal to the thickness of the

first chaltihoged tizkgtsasd thayembiideonatminothlayemned shosecond glasonbi ned net al
containing layers is also greater than the thickness of a second gl ass

layer. It is preterred that fhe total thickness of e.conhi ned net al
ont ai ni ng I[éiééﬁi i s BANRERNED Y YEttaBO‘g’Séﬁ?ﬂ%lttquﬁE% I5C8HPRr O*hSh t he
c

hi ok : . : .

L ckness sl nd ilonc S ARATN el B85m4 BISE 100 6P BLAbOGBY R EET

llayer. |t aidopeni§Budiisea plcedleprettabliailvdrhe total thickness of the conbined
metal containing |layers is between about 2 to about 3.3 tines greater than

the thicknesses of the first chal cogeni de gl ass |ayer and the second gl ass

| ayer. [0049100p4] accorRefauing npwiiodG. Qnwhidy shoaysi satccond embodimemtveint i on,
the first , chal cogeni,de gl a ayer nay co i Se .o r, nore l.ayers of a
thel coyenthEmarEedr NiiEafedits ROt SRARPARFIBII o oo Uiy ass
I ' ; oL

St bl o EotoRa BARREL B SE and el AURICE nly iBUNP SR TREEE Iflers Y | e

gl ass | ayehalasgtnide glag Selcondtlcaftiniay dyer kookeaser silver-sdlénitlo ldyer. uAsler st ood
that the total thickness of the netal containing |ayer(s) should be
t hi cker t Haewe eFIGt 3 a first ehdleegenide glass layrs 1ot is stacked apprasfinst eletizpdogeni de

?L; Zf( S? ngﬂ-gg IE]stt %@&q%%}:%g%{%ela}trc?'tfg is tspaic ckc[.I Et%)f) tgfc ﬁtrshtecthc%gcltni 8% aes‘é glycr:llgl 7,
a second chalcogenide glass layer 117 is stacked atop the first silver-selenide layer 18,
a second silver-selenide layer 118 is stacked atop the second chalcogenide glass layer
117, a third chalcogenide glass layer 217 is stacked atop the second silver-selenide
layer 118, a third silver-selenide layer 218 is stacked atop the third chalcogenide
glass layer 217, and a fourth chalcogenide glass layer is stacked atop the third silver-
selenide layer 218. The second conductive electrode 22 is formed over the fourth

chalcogenide glass layer.

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

glass layers, in a ratio of between about 5:1 and about 1:1 silver-selenide layer to
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than the total thickness of the one or nore | ayers of the second gl ass

| ayer. Preferably a ratio of the total thickness of the nmetal containing

| ayer (s) wo osheisiot al thickness of the one or nore | ayer cafusodradssdgeni de
glass is between about 5:1 and about 1:1. Also, preferably a ratio of the
total thickness of the nmetal containing l|ayer(s) to the total thickness of
the one or nore layers of the second glass is between about 5:1 and about
1:1. It is even nore preferred that the total thickness of the netal

cont ai ni 0 def®$odt & Eandhan 12
WO 03/071 {ﬁéé%QQﬁébéﬁg aggﬁﬁ h??gggd%?%?gﬁggggggbg?ithe conbi ned one or
more | ayer:3 sitfercdeidmdglniie @nasstedtialcbpenitiofghlss laperckness of the conbi ned
one or nore |ayers of the second glass [0050] In accordance with yet

anot her variant of the invention, one or re.of the chalcogenide glass
| ayers and $6862HH gI ads avayiatien ﬁﬁ@%ﬁ%@nﬁég&%’é‘ﬂemﬂﬁm of meisdaYers 8{iEh as a

metal , prefe abI glg\r/fa%%ne{l%%g ][as S x];c%rsr 1cRHR ?9%) d'éfa&lte% bt GgRhows a

second enB§ P Sh' S b sequen e processing step shown
in FIG 4had cﬁfc@cg‘las@flayléﬁsy Ay nhAbEEHf ARENSEENIHB aykis by BB Us&R CcANd

el ectrodes may i nclude alternating |layers of chal cogeni de | ass and a

met al conghaiwi BEG| B et a prisdessasg aepmhbmquseﬂmttmeshcaymmﬂl(é stiown in FIG

9, a first chalco eni de gl ass | ayer is stac ed at a fir ctrode
14, a fi raddidppalspy @eﬁe@m%elamﬁélﬁ mgy i §<§‘P hilver- Pé?mgﬁiary%gem de
glass | ay econd; ch. R top the
Pirer s ered anadBESRLGErRERaEEe s A, %%‘%‘@éosﬁén.ogsﬂ%@%?%

stacked a{phiddrysegpyd chal cogenide glass layer 117, a third chalcogenide
gl ass | ayer 217 |s stacked atop the second silver- sel eni de | ayer 118, a
third silver-selenide |ayer 218 is stacked atop the third chal cogenide

gl ass |ayer [2054] and dnfawidanchavitogerindtheivasstiompérhd inventiarksdcmpbp t he

third silver- selenjde | ayer 218. The .second conducti ve, el ect.rode 22 is
formed ovéie ¢ ogsmdﬂslas\%ﬁa%da@ﬁ?%pgﬁeag%e LG HEhn Taers SFL

chalcogcmdc glass material, such as germanium-selenide. Any suitable number of

layers may be used to comprise the chalcogenide glass layers.

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

dopant such as a metal, preferably comprising silver.

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

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

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

invention contemplates the formation of any number of such resistance variable
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[ 0052] In accordance with the second enbodi nent, the stack conprises at

| east two netal containing |ayers and at | east three chal cogeni de gl ass

| ayers. Wwowamwersl4it is to be understood that the stack nmeRgTOSOP0438E
nunerous alternating |ayers of chal cogenide glass and silver-sel enide, so
long as the alternating |ayers start wth a first chal cogenide gl ass | ayer
and end with a |l ast chal cogenide glass layer, with the first chal cogenide
gl ass layer contacting 'a first electrode and the |ast chal cogenide gl ass
layer co !}ﬁé}ﬁbbﬂ&cﬁxcﬁ&‘:%‘i’ﬁlﬁéﬁ%é Q8Rcardd e b i GKOBSETG MWL SPerated @itk he

al ternating ayers of silver-selenide and chal cogeni de gl ass are the sane
as descrih@doabelement accethdtcuithe silver-sel enide layers are preferably

t hi cker than connecting chal cogenide glass layers, in a ratio of between
about 5:1 and about 1:1 silver-selenide |ayer to, 13 VI)OBA%; 6%?

PCT/ US03/ 04B¥%&lonnecfd- & Aalessgessiadapiy cesggkpased RiStHgy (%Y" B ably

bet ween abqut, 3.3:1 and. 2: i Lver- enj SRR :

chal coge ﬁf‘@&dﬁﬁ LEEAY & r_cu:[tgé% 3i€orl X aa%\h/ca%1 Pg(f%ro nyﬁblét f‘l)oe seco n§ e rr’b\%lgldrlre nt,

one or mérngpslbﬁ?é’ Ristate FaridBit ﬁ{cnﬁﬁ?tcfén@érftg fApicetcdah, acssrdin@&swish letver - sel eni de
posi ted between the cha

may be de cogeni de gl ass | ayers. Any nunber of
si | ver - sahesitiber. | Apeoscssarysyktemy sech asAscorsputen sytam, gencaallycomnprissssi ng st ep

subsequent to_that shown in_Fl 4, an additional silver-sel enide |ayer
418 may bentrebprcesingopnit ey ,ésla}/%%% %?rQHF‘Ef&SﬁOéy%&‘g“ig“%Wg an

18 my IsendepBEICEel toif | oK an
Sl eni do 1aperSs b Skl W TR A e S el A o

the inv erlhgafyo&gﬁh(vm 88cchad sRaarbuertd. aThe ndyess 48/ commpnicagesone or
r

nore thinn | ayers of a chal cogenide glass material, such as
ger mani unwiskltkesydeem Avgr bus 455 hpiclitkrough a ingyery caagrolier. used to conpri se
t he chal cogeni de gl ass |ayers. [0055] In yet another variation of the

second enbo?b(r)‘rggn]t of t[plethe case of a computer system, the processor system may include
pci,ripheral 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.

[0060] The above description and drawings are only to be considered
illustrative of exemplary embodiments which achieve the features and advantages of
the invention. Modification and substitutions to specific process conditions and
structures can be made without departing from the spirit and scope of the invention.
Accordingly, the invention is not to be considered as being limited by the foregoing
description and drawings, but is only limited by the scope of the appended claims.
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i nvention, one or nore of the chal cogenide glass |ayers may al so be doped
with a dopant such as a netal, preferably conprising silver. [0056]

Devi ces cwpasnuwied according to the first enbodi ment of Plo&/USsNSREI oNn,
particularly, those having a silver-selenide | ayer disposed between two
chal cogeni de gl ass | ayers, show i nproved nenory retention and wite/erase
performance over conventional nenory devices. These devi ces have al so shown
| ow resistance nenory retention better than 1200 hours at room
tenperature. The devices switch at pulse widths | ess than 2 nanoseconds
conpared with conventional doped resistance variable nenory el enents that
switch at about 100 nanoseconds. [0057] Al though the enbodi nents descri bed
above refer to the formation of only one resistance variable nmenory

el enent 100, it nust be understood that the invention contenplates the
formati on of any nunber of such resistance variable 14 WO 03/071614

PCT/ US03/ 04385 nenory el enents, whi GL88MSoe fabricated in a nmenory array
and operated with nenory el ement access circuits. [0058] FIG 10

illustrat t ypical. -b t 4 | [ .
Cirou {443, 1 of PCipE BT RO D ARAr T Rt o APy e P e

resi stance variable nenory elenents fabricated in accordance with the

invention. A proqgssﬁ&céi&’t%ﬁ@&‘%rﬁﬁfeﬁn@ﬁlg glefeut ebmpyisingm general |y
conprises a central processing unit (CPU 444, such as a m croprocessor, a

di gital signal t her. | e digi he.devices,
i ch commni cat Beca et stiming KL aF oyt Sl Rrpl s 00 C%2so

The menory 448 communi cates w th the system over bus 452 typically through
a nmenory layer; atdeaseone [c@beoglassdayenesaichmstad contagng laver beipgirshyidedhe processor
system may i nclude peripheral devices such as a floppy disk drive 454 and
a conpact bix26en (4Pht RM one chalcogenide glass layer and said at least one other glass

layer.

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

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

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

containing layer comprises a silver-chalcogenide.

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

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

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

containing layer comprises silver-oxide.
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drive 456, which also communicate with CPU 444 over the bus 452. Menory 448
is preferably constructed as an integrated circuit, which includes one or
nore reswetiantwivari able nenory el enments 100. |f desiredpPCrhesosressssy 448
may be conbined with the processor, for exanple CPU 444, in a single
integrated circuit. [0060] The above description and drawings are only to
be considered illustrative of exenplary enbodi nents which achi eve the
features and advantages of the invention. Mdification and substitutions

to specific procggs qﬁ@%&d@gﬁd@mmé EEL WRerGiaRaideacNBAe oMé hivealt

departing fromthe spirit and scope of the invention. Accordingly, the
invention is not o be conS|d red s.pbeing limted by the foregoing

descri pt i ePPARS W‘??ﬁ’%?rlsﬁﬁuﬁ VP %inmted by the scope of the appended
clainms. 15 WD 03/071614 PCT/U803/04385 CLAIM5 What is clainmed as new and
desired to be prdtecilid tymbet ¢tlemenPaf eaim “svherdin saidradéast ance vari abl e
menory elenment conprising: at |east one netal containing | ayer, at |east

one chal C &%giﬁicgegﬁs% IEBJC?X&?gd@éS Jﬁ%ﬁgnapﬁﬁndé H?Jfogﬁl%i‘asdc@éer said netal

cont ai ni ng rovi bet ween sai | east one cﬁalcogenlde
gl ass layer and s @ | east one ot her gl ass Iayer. 2. The nenory el enent
of claimV¥ “né 8?é3at | east one chal cogeni de glass | ayer conprises a
plurality of chal cogenide glass |layers. 3. The nenory elenent of claiml
wherein said at |MhastTheneembheelemghtefclhiny drwharaiprsaiskeas leaspneal i ty of gl ass
| ayers. 4. The nmenory el enment of claim1 wherein said at | east one netal

cont ai ni \r/]\%érel i, {SII%%§S§)1§11!)I\{I%E¥Q§1%&RQ@ qigle. 5. The menory el ement of

claim1l sal | east one

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

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

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

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

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

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

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

18. The memory element of claim 1 wherein said at least one
chalcogenide glass layer has a thickness between about 100 A and about 1000 A.
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containing |layer conprises silver-selenide. 6. The nmenory elenment of claim
1 wherein said at | east one netal containing |ayer conprises

si |l ver - suwDiod®71674 The nenory el ement of claim 1l wherein airdsas/o43enst one
metal containing |ayer conprises silver-oxide. 16 WD 03/071614

PCT/ US03/ 04385 8. The nenory elenment of claim1l wherein said at | east one
nmetal containing | ayer conprises silver-telluride. 9. The nenory el enent
of claim4 wherein said at | east one chal cogenide glass |ayer conprises a

material having ghe $0F A CRIGRARG i GBI Gid aPflafiot3. 10 The

menory el enent of “clairm rein sail east one cogeni de gl ass

| ayer stoichionetry is, about 40Se60 T nory el enment of claim4
wher ei n shplgogenide glass @b{éf}éﬂsﬁﬁuc(?‘@Fﬁ 31%3%5]29 ri ses a second

chal cogeni de gl ass 'l ayer. 12. The nenory el enment of claim4 wherein said at
| east one ot her 20| a%he hearesryehimentsedlam BwBerdnsydsi tdasmoneliBetalhe nenory
el emrent of claim4 wherein said at | east one other glass |ayer conprises

an AsSe ¢o %gffn%' 13;;1:5 Sh;a?}'a AIASHIRADS ¥nls ﬁ%égeagi ofit BhiltgbeARRr Ld at

; i1

| east one 0 ayer conprises a (S conposition. 1@. Talf?)?eé menory

el ement of claim4 wherein sajd aj.|east one_.other |l ass | ayer conprises a
conbi nat k8 aseceRd Hi WEFqu%P,tL%kﬂcséé?%PﬁWd%&t t%ﬁg“%ﬁ‘b Yde| enent of
claiml1l wherein said at | east one other glass |ayer has a thickness

bet ween aboord itkneanid telowekin dAA .1 17 abdinel :denory el enent of claim1l
wherein said at | east one ot her

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

containing layer has a first thickness and said at least one chalcogenide glass layer
has a second thickness whereby a thickness ratio of said first thickness to said
second thickness is between about 3.3:1 to about 2:1.

22. The memory element of claim 1 wherein said at least one metal
containing layer comprises a plurality of stacked metal containing layers.

23. The memory element of claim 1 wherein said at least one o£hcr
glass layer comprises at least one second chalcogenide glass layer.

24. The memory element of claim 23 further comprising another
metal containing layer in contact with said at least one second chalcogenide glass
layer and at least one third chalcogenide glass layer in contact with said at least
one second metal containing layer.

25. The memory element of claim 1 wherein one or more of said at
least one chalcogenide glass layers contains a metal dopant.

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

comprises silver.
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gl ass layer has a thickness of about 150 A. 18. The nenory el ement of claim
1 wherein said at | east one chal cogenide glass |ayer has a thickness

bet ween awouws/010®™ A and about 1000 A 17 WD 03/071614 PCTPUSOZNHE385 19.
The nenory element of claiml wherein said at | east one chal cogeni de gl ass
| ayer has a thickness of about 150 A. 20. The nenory elenent of claiml
wherein said at |east one netal containing |ayer has a first thickness and
said at | east one chal cogenide gl ass |layer has a second thickness whereby

a thickness ratig70f ThaimferhbfysdlehbhCéMass 1 wiendifl saidlegdadt bid fleadss i s
bet ween about 5:1 to about 1:'1. 21. The nmenory el enent of claim1 wherein

said at |east, one net.al ontaini ng l.ayer has first. thi and said at
| east one"M aystdies 3 Iﬁ?s&ll%%;‘gsrsgmﬂaf daatg%acs(t)ﬁae £ ﬁ?cg@%egsg gﬁ’@v\ﬁg%eaby a
thickness ratio of said first thickness to said second thickness is
bet ween atsoond ghigkress whatebyta thicknegratiqiof said fisstythickagssito saitl segeidn 1 wher ei n
said at | east one netal containing |layer conprises a plurality of stacked

met al conf@dkpksids bewedes abdat 5Theo assmryl el ement of claim1 wherein said at
| east one other glass |layer conprises at |east one second chal cogeni de

I I . 24. ,Th I | al m,23 .furth h
netal cont ai ni ng Xy BPCTRUROR GEBeyl ore al b R e SRIRE R0 ancthet

chal cogenide glass |ayer and at |east one third chal cogenide glass |ayer
i n cont actonsiningslayet ks al firssthickmaess andosaiskiatrieastione @her glassdayeahesa 25, The
menory el enment of claim1l wherein one or nore of said at |east one

chal cogeniedgnd kisekndss wiicsebyQitihat ki®ssarafiB loflsaitl Arauthickdbss thheidwes®id el ement
of claim 25 wherein said netal dopant conprises silver
thickness is between about 3.3:1 to about 2:1.
29. The resistance variable memory element of claim 1 wherein said
at least one metal containing layer has a thickness equal to or greater than a
thickness of each of said at least one chalcogenide glass layer and said at least one
other glass layer.
30. A resistance variable memory element comprising:
a body, said body comprising a first glass layer in contact with at least
one silver-chalcogenide layer, said silver-chalcogenide layer being in contact with
a second glass layer, wherein at least one of said first and second glass layers is a
formed of a chalcogenide glass material; and
a first electrode and a second electrode in respective contact with said
first and second glass layers.
31. The memory element of claim 30 wherein said at least one silver-
chalcogenide layer comprises silver-selenide.
32. The memory element of claim 30 wherein said at least one silver-
chalcogenide layer comprises silver-sulfide.

19



18 WO 03/071614 PCT/ US03/04385 27. The nenory el enent of claim1l wherein
said at | east one netal containing |ayer has a first thickness and said at
| east onewotoheriegd ass | ayer has a second thickness wher elPgTaAISOM43RTess
ratio of said first thickness to said second thickness is between about
5:1 to about 1:1. 28. The nenory elenent of claiml1 wherein said at |east
one netal containing |ayer has a first thickness and said at |east one

ot her glass |ayer has a second thickness whereby a thickness ratio of said

first thickness tgs saifl rﬁ@ﬁl%?)gr,lc%?%? 139 WIRRERIPRAR st Bnd sikydr® about

2:1. 29. The resistance variable nmenory elenment of claim1l wherein said at
| east one tal containing |layer has, a thickness equal to or greater than a
t hi cknessC@fc ORYL FOPREISCE BHEE-OFIE- chal cogeni de gl ass |ayer and said at
| east one other glass layer. 30. A resistance variable nenory el enent
conprising: a bodd4. SHiednbodyy elompnt of nlgim 30iwlstreigl sagbatl lagse onke milewnt act
with at | east one silver-chal cogenide |ayer, said silver-chal cogenide

| ayer bei i b dlise@siRRES flcass | ayer, wherein at |east one of
sald 111 s Haltheil BY rg‘?e’aséhsc SIBRE WMt

_ ( llayers 1s a formed of a chal cogenide gl ass
Cont Act Wi Ch sai 5 | P& MEROTE LT 6f S84 PyBRGeintic HIHERBRy ol ement of
claim 30 wherein said at | east one silver- chal cogeni de | ayer conprises
si | ver - segiass cater3PhasTihe foemolyGeBSegentvhefein kai 20 89 43herei n sai d at | east
one silver- chal cogenide | ayer conprises silver-sulfide. 19 WO 03/071614
PCT/US03/ 04385 36, The memory element of claim 30 wherein said chalcogenide
glass material stoichiometry is about Ge,,Se.
37. The memory element of claim 30 wherein both said first glass
lairer and said second glass layer comprise a chalcogenide glass material.
38. The memory element of claim 30 wherein at least one of said
first and second glass layers contains a metal dopant.
39. The memory element of claim 30 wherein said metal dopant
comprises silver.
40. The memory element of claim 30 wherein at least another of said
first and second glass layers comprises an SiSe composition.
4]1. The memory element of claim 30 wherein at least another of said
first and second glass layers comprises an AsSe composition.
42. 'The memory element of claim 30 wherein at least another of said
first and second glass layers comprises a GeS composition.
43. The memory element of claim 30 wherein at least another of said
first and second glass layers comprises a combination of germanium, silver, and

selenium.
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33. The nenory el enent of claim30 wherein said at | east one silver-

chal cogeni de | ayer conprises silver-oxide. 34. The nenory el enent of claim
30 wher eiwogaiodieat | east one silver- chal cogeni de | ayer c®apriss®e43ss
silver-telluride. 35. The nenory el enent of claim 30 wherein said

chal cogenide glass material has the fornmula GeXSel oo_X, wherein x = 20 to
43. 36. The nenory el enent of claim 30 wherein said chal cogenide gl ass

mat eri al st oi chi orretry i s about Ge40Se60. 37. The nenory elenment of claim

30 wherein both sal dyilhs mgl;ﬁa&neh@a; émﬁ{léo%ﬁi&e,ﬁ%&%ﬂw@l ass | ayer

conprise a chal cogeni de g as teria The nenory el ement of claim 30
wherein at | east, one of said st and second gl ayers contains a

met al dop‘é’fﬂcogﬁglde Fﬁécrr#’é%lﬁysté{”é &C&Pﬁmg %3!8’%1]% Prf €8P net al dopant
conprises silver. 40. The nenory eI errent of claim30 wherein at |east

anot her othidaiess, ahd mshickness setdmnflsaidl fiss thiakeess to sapsecses] tickBeSds
conposition. 41. The nenory elenent of claim30 wherein at |east another of

said firgdwR0Ha Pgﬁfgq Lg)laab%\?\l)nllalyers conprises an AsSe conposition. 42. The

menory el ement o ai m 30 erein at | east another of said first and
8 m 30 wher e 4 [LBASTCRAGE ERCBT LR 3P M AANEEhd ol s |ayers
conprises a conbi nati on of germanium silver, and selenium 20 WO
03/ 07161 4cHRGTgdaRiz/ 1ay3 8fas 44irst Ehekmesspsayd edcondrglasslayet hasm @0omther ei n sai d
silver- chal cogenide | ayer has a first thickness, said second glass |ayer
has a sec@fidness, and a thickness ratio of said first thickness to said second thickness is
between about 3.3:1 to about 2:1.
46. The memory element of claim 30 wherein said silver-
cﬁalcogenide layer has a first thickness and said first glass layer has a second
thickness and a thickness ratio of said first thickness to said second thickness is
between about 5:1 to about 1:1.
47. The memory element of claim 30 wherein said silver-
chalcogenide layer has a first thickness, said second glass layer has a second
thickness, and a thickness ratio of said first thickness to said second thickness is
between about 3.3:1 to about 2:1.
48. The memory element of claim 30 wherein said silver-
chalcogenide layer has a thickness greater than or equal to the thickness of each
of said first and second glass layers.
49. The memory element of claim 30 wherein at least one of said
first and second glass layers contains a metal dopant.
50. The memory element of claim 30 wherein said metal dopant

comprises silver.
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t hi ckness, and a thickness ratio of said first thickness to said second
thi ckness is between about 5:1 to about 1:1. 45. The nenory el enent of

cl ai m 30 whaesmiwisai d silver- chal cogenide | ayer has a fi IPST/USh3/¢43RESS,
said second glass | ayer has a second thickness, and a thickness ratio of
said first thickness to said second thickness is between about 3.3:1 to
about 2:1. 46. The nenory el enent of claim30 wherein said silver-

chal cogeni de |l ayer has a first thickness and said first glass |ayer has a

second thicknesglanngcﬁgkngﬁ§§t@@h?gggg;said first thickness to said
second thickness is between about 5:1 to about 1:1. 47. The nenory el enent

of claim30 whereinh said silver- chal cogenide | ayer has a first thickness,
sai d second glas§fﬂ§y§?c »a second thickness, and a thickness ratio of
said first thickness to said second thickness is between about 3.3:1 to
about 2:1. 48. Thdimegassawcomprisol G¢.8¢m.30hetein & n294p ¢ 3snidfast

chal cogeni de | ayer has a thickness greater than or equal to the thickness

of each %f%ss%%i'éwemgﬁa&ﬂféa&%g{lsiai&h@s@%le!c&baé;& 49. The menory el enent of
claim 30 erein at 1east one of said first and second glass |ayers

Tetal dopant - coRPrCBEL FPRIS BGOSR A Pt FEBEDIIES 51, A memory
el enent conprising: a first electrode; a first glass |ayer conprising
Ge,, Sel 0o ,,, wherssiondglsoytrdn4gntat withi saist firsgheesal doayeaningdayet; i n cont act
with said first electrode,
and
a second electrode in contact with said second glass layer.
52. The memory element of claim 51 wherein x is about 40.
53. The memory element of claim 51 wherein said first metal
containing layer comprises a silver-chalcogenide.
54. The memory element of claim 51 wherein said first metal
containing layer comprises silver-selenide.
55. The memory element of claim 51 wherein said first metal
containing layer comprises silver-sulfide.
56. The memory element of claim 51 wherein said first metal
containing layer comprises silver-oxide.
57. The memory element of claim 51 wherein said first metal
containing layer comprises silver-telluride.
58. The memory element of claim 54 wherein said second glass layer

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

second electrode through said metal containing layer and said first glass layer.

22



a first netal containing layer in contact wwth said first glass layer; a
second glass layer in contact with said first nmetal containing |layer; and a
second elwotmwotwi4 n contact with said second gl ass | ayer. PEI/USOh@t38ENDr Y

el ement of claimb51 wherein x is about 40. 53. The nenory el enent of claim
51 wherein said first metal containing |ayer conprises a

silver-chal cogenide. 54. The nenory el enent of claimb51 wherein said first
metal containing |ayer corrpri ses silver-selenide. 55. The nenory el ement

2{ I Slafi ;nul51}i \é\Qerggn iﬁe rrerm y %ﬁé%e%ft&%g Wh@g%é@%igesrcel n %%%?%l rst netal

containing |ayer conprises silver-oxide. 57. The nmenory el enment of claim51
wher ei n semgptise 88 SHS GAMPRSHIRhi ni ng | ayer conprises silver-telluride. 58.
The nenory el ement of claim54 wherein said second glass |layer acts as a
di ffusi on controlol ayae nhémeardlérabntiof daifi 58 whlerdnrpidreatsd giassiayeai d

second el ectrode through sal nmetal containing |ayer and said first glass

| ayer. 22 WO Os?é/ 07(]3,“%4C yﬁgﬁl 04385 59. The nenory el enment of claimb58
wher ei n salgP&%Ee 6h grass ayer corrprl ses an Si Se corrp05|t| on 60. The
menory el ement of claim58 wherein said second gl ass, | ayer ri ses an
AsSe conpositi on6161Th¢H’éCIﬁ@mﬁ=9méll'é‘Pr%‘H%mb5 Svherein said,Kee l%ﬁﬁla A¥f'second

gl ass | ayer conprises a GeS conposition.

comprises a GeS composition.

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

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

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

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

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

67. A chalcogenide glass stack comprising:

a chalcogenide glass layer;

at least one metal containing layer in contact with said chalcogenide

glass layer; and
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62. The nenory el enent of claim58 wherein said second gl ass | ayer

conpri ses a conbination of germanium silver, and selenium 63. The nenory
el enent oWvoaBarwibl wherein said first nmetal containi ng PEFASOYOIPF | ses a
plurality of nmetal containing |ayers in serial contact wth each other.
64. The nenory el enent of claim51 wherein at | east one of said first

gl ass layer and said second glass |ayer conprises a plurality of glass

| ayers in serial contact with each other. 65. The nenory el ement of claim

51 wherein at | e%%ﬁ’&ﬁ@n @bn281 19ycrf1h lShtRPHiHEGRNthefl *EALHBHE IFe£ R al NS a
metal dopant. 66. The nenory elenment of claim®65 wherein sard netal dopant

conprises sil A I d
chg})cogerﬁod’é“éﬁ%gﬁ%ﬁ%’rgpﬁj‘frgg tgglli‘t gﬁ*@%@ﬁ%ﬂgcg@ﬁéﬁ%ﬁ“ S: gger ?n cont act

wi th said chal cogenide glass |ayer; and 23 WO 03/071614 PCT/ US03/ 04385 a
di ffusi on cont r ol68. ajfle chalcogeride glasi sthcksaf daime6Awhsarin anidi diffusieyer f or
controlling diffusion of elenents into said chal cogeni de gl ass | ayer. 68.

The chal cQg@gRnil e9|153§§ec6ﬁ& Spfa gl aim 67 wherein said diffusion control
| ayer is a second gl ass . 59. The chal cogeni de gl ass stack of claim67

i1 usi on cont r ol J@F”Eéﬁlaoéé’a%ai et Sk S AL 67 B BB BRiE 2 owe
mgration-of a netal fromsaid electrode into said chalcogenlde gl ass
| ayer. metal containing electrode in contact with said diffusion control layer and
wherein said diffusion control layer slows migration of a metal from said
clectrode into said chalcogenide glass layer.
70. The chalcogenide glass stack of claim 67 wherein said at least
one metal containing layer comprises a silver-chalcogenide.
71. The chalcogenide glass stack of claim 67 wherein said at least
one metal containing layer comprises silver-selenide.
72. 'The chalcogenide glass stack of claim 67 wherein said at least
one metal containing layer comprises silver-sulfide.
73. The chalcogenide glass stack of claim 67 wherein said at least
one metal containing layer comprises silver-oxide.
74. The chalcogenide glass stack of claim 67 wherein said at least
one metal containing layer comprises silver-telluride.
75. The chalcogenide glass stack of claim 67 wherein at least one or
both of said chalcogenide glass layer and said diffusion control layer contains a
metal dopant.
76. The chalcogenide glass stack of claim 75 wherein said metal
dopant comprises silver.
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70. The chal cogeni de gl ass stack of claim®67 wherein said at | east one
nmetal containing |ayer conprises a silver-chal cogenide. 71. The

chal cogerwoasgimss stack of claim67 wherein said at | eastPCTArse3/mssal
contai ning |ayer conprises silver-selenide. 72. The chal cogeni de gl ass
stack of claim67 wherein said at | east one netal containing |ayer
conprises silver-sulfide. 73. The chal cogeni de gl ass stack of claim 67
wherein said at |least one netal containing | ayer conprises silver-oxide.

74. The chal cogepizdeaghaserptieménPlombpaiiR67 wherein said at |east one
metal containing |ayer conprises silver-telluride. 75. The chal cogeni de

gl ass stack of cl 'nkg7 wherein at | east one or both of said chal cogenide
gl ass | ayer and §gﬁﬂ: ?Q¥Qﬁgkon control layer contains a netal dopant. 76.
The chal cogeni de gl ass stack of claim 75 wherein said netal _dopant

conpri ses sil ver at RastwdOBs0cbigcpde glss dyen 8somact wthsagdiyste| ement
conprising: a first electrode; at |east one first chal cogeni de gl ass | ayer
in contacliedde;said first electrode; at |east one first metal containing

| ayer in contact with said at | east one first chal cogenide glass |ayer; at

one.1iret motal cbResh Al ayeh PSGriElo Dt CRbasmithariaRelntac g
| ayer in contact with said at |east
first chalcogenide glass layer; ‘
at least one second chalcogenide glass layer in contact with said at
least one first metal containing layer;
at least one second metal containing layer in contact with said at least
one second chalcogenide glass layer;
at least one third chalcogenide glass layer in contact with said at least
one second metal containing layer; and
a second electrode in contact with said at least one third chalcogenide
glass layer.
78. The memory element of claim 77 wherein said metal containing
layers comprise one or more silver-selenide layers.
79. The memory element of claim 77 wherein one or more of said
chalcogenide glass layers comprise a plurality of chalcogenide glass layers.
80. The memory element of claim 77 wherein one or more of said
metal containing layers comprises a plurality of metal containing layers.

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

chalcogenide glass layers contains a metal dopant.

25



one second chal cogeni de gl ass | ayer; at |east one third chal cogeni de gl ass
| ayer in contact wwth said at | east one second netal containing |ayer; and
a second wbhasirwde in contact with said at | east one thiracrhshvoegeni de

gl ass layer. 78. The menory el enment of claim 77 wherein said netal
containing |layers conprise one or nore silver-selenide |ayers. 79. The
menory el ement of claim 77 wherein one or nore of said chal cogenide gl ass
| ayers conprise a plurality of chal cogenide glass |ayers. 80. The nenory

el ement of claimgy Vi‘ﬁ‘éﬁieﬂa&?%lc%cn%?_@laﬁﬁ 83 HerelBaAd nfc@é]t&hgﬁﬂqg | ayers
conprises a plurality of netal containing |layers. 81. The nenory el enent of

claim77 wherein one or nore of said chal cogenide glass |ayers contains a
net al dop&RPPIS% W03/ 071614 PCT/ US03/ 04385 82. The nenory el ement of
claim 81l wherein said nmetal dopant conprises silver. 83. A nethod of

form ng a resistadde Aardthdd of henong aetsstemte vacieblermemogy ¢lbmest eps of :
formng a first electrode; formng a first chal cogenide glass |ayer in

cont act vvicgﬂglpg@,-h%t}lgrsgetps%kectrode; formng a first nmetal containing |ayer
in contact with said first chal cogenide glass |ayer; and formng a .second

chal cogenide glass | ayer .in contact with said first metal containing
| ayer; formng a @maﬁﬁtﬁccﬁ%’%’ai ning layer in contact with said first

forming a first chalcogenide glass layer in contact with said first
electrode;

forming a first metal containing layer in contact with said first
chalcogenide glass layer; and

forming a second chalcogenide glass layer in contact with said first
nmietal containing layer;

forming a second metal containing layer in contact with said first
chalcogenide glass layer;

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

forming a second electrode in contact with said third chalcogenide
glass layer.

84. The method of claim 83 wherein said chalcogenide glass layers
comprise a material having the formula Ge,Se, ., Wherein x is between about 20
to about 43.

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

have a stoichiometry of about Ge,,Seg-
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chal cogeni de gl ass layer; formng a third chal cogeni de glass | ayer in
contact with said second netal containing |ayer; and form ng a second

el ect r odewporspowteact with said third chal cogeni de gl ass | &¢garuso8d438The

met hod of cl ai m 83 wherein said chal cogeni de glass |ayers conprise a
material having the fornmula GeSel oo_X, wherein x is between about 20 to
about 43. 85. The nethod of claim84 wherein said chal cogeni de gl ass | ayers
have a stoichionetry of about Ge40Se60 26 WO 03/ 071614 PCT/ US03/ 04385 86.

The method of cl @eM §hehheUbrThif S wheraesidehdtaschidaylaisdayegonpri se a
plurality of chal cogenide glass |ayers. 87. The nmethod of claim83 wherein

sai d netal containing.|aye conprise.a plurality of nmetal containing
| ayers. SEMBHF %@Pﬁ%&yfﬁcé‘?ﬁ‘éﬁ)gﬁ %%@rl@fcﬁs'one or nore of said

chal cogeni de gl ass layers contain a netal dopant. 89. The nethod of claim
83 wherein one ol7npddeanetbaiddfrpbtinl 83 whercint saidh gnatalyonsaivivgdaycses
silver-selenide. 90. The nethod of claim88 wherein said netal dopant

conpri sesc&hbﬁgga pﬁhﬁﬁb@ﬁ&ﬂ%ﬂtﬁﬁiﬁ@l@&@.% wherein said netal containing
| ayers have a thickness which is equal” to or greater than the thickness of

cach of 53 ChAEOIRD AR SRR VS Ructf oS TRUESRE, L im0, e
O o enie Elase layers contain b metal dopant.

89. The method of claim 83 wherein one or more of said metal
containing layers comprises silver-selenide.

90. The method of claim 88 wherein said metal dopant comprises
silver.

91. The method of claim 83 wherein said metal containing layers
have a thickness which is equal to or greater than the thickness of each of said
chalcogenide glass layers.

92. The method of claim 83 wherein each of said metal containing
layers has a first thickness and each of said chalcogenide glass layers has a second
thickness whereby a thickness ratio of said first thickness to said second thickness
is between about 5:1 to about 1:1.

93. The method of claim 92 further wherein said thickness ratio of
said first thickness to said second thickness is between about 3.3:1 to about 2:1.

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

forming a first glass layer;

forming a silver-selenide layer in contact with said first glass layer; and
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t hi ckness whereby a thickness ratio of said first thickness to said second
t hickness is between about 5:1 to about 1:1. 93. The nethod of claim 92
further viwerogiomesai d t hi ckness ratio of said first thickeezTgn®0485 d
second thickness is between about 3,.3:1 to about 2:1. 94. A nethod of
formng a resistance variable nenory elenent conprising: formng a first
glass layer; formng a silver-selenide |layer in contact with said first

gl ass layer; and 27 WD 03/071614 PCT/ US03/ 04385 form ng a second gl ass

layer in contact bl SREdoAl!oRE 158 BIVAHRadINE said WRREBENnidRGayeE, Sai d
first and second glass layers™ s a'fornmed of a chal cogenide glass

material. 95. The th of ¢laim 94 erein said chalc ni de gl ass
mat eri al Wﬁ%@b& oge é‘?*g%ﬁ%taﬁaéc ?ﬂ‘fﬁ%‘é%ﬁ%s ol 5‘855 o%&fg%lgggﬁ:mg% The
met hod of claim94 wherein at | east one of said glass layers contains a

met al dopglads. m&€rialThe met hod of claim 96 wherein said netal dopant
conprises silver. 98. The nethod of claim94 wherein both of said first and

second gl ass | ayel ST hSE Hf RlafN W4CRBERIHRIDERICJERIRS ¢1ads mBBrialThe
met hod of claim98 further conprising the step of formng alternating

| ayers of said .cB_}aOI cotgeni de gl.ass ter 'h}al and said silver-selenide |ayer.
100. The PAStHUAICHIOMRFHF SPERORHOPATAOQUE §C85er formed of sai d chal cogeni de

glass material further contains a netal dopant. 101. The nethod of claim
100 wherein sai d et dhecaophod of chpmiesheielnarlcast one of said glass layers

contains a metal dopant.

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

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

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

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

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

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

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

comprises an SiSe composition.
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102. The nethod of claim 94 wherein another of said first and second gl ass
| ayers controls diffusion of a netal ion froman el ectrode through said
menory elwoan716103. The nmet hod of claim 102 wherei n sai dPorhEns3/gi3ass | ayer
conprises an Si Se conposition. 28 WD 03/071614 PCT/ US03/ 04385 104. The

met hod of claim 102 wherein said other glass |layer conprises an AsSe
conposition. 105. The nethod of claim 102 wherein said other glass |ayer
conprises a GeS conposition. 106. The nethod of claim 102 wherein said

ot her gla | aye C (o hpat.d f i ilver, and
seleni8n15307.yTEg4thE5%§§§d?Fg@ﬁ?ggéﬁwgggﬁﬁagg§gﬁg§#§%hi%%raining | ayer

has a thickness which is equal to or greater than a thickness of each of
sai d fir SOmPEECs 3B A5Ae COMRE8tPAyers. 108. The nethod of clai m 94 wherein

said netal containing |layer conprises a plurality of silver-selenide

| ayers in serial 108nTaetmevhbl of alatin dBevhereibO@id Stlpr gbeskyer based syst em
conprising: a processor; and a nmenory circuit connected to said processor,

sai d nenog&ﬁéﬁiﬁreggi(tées L6 bk?%(]r)}g a resistance variable nmenory el enent

conpri sing east one containing layer, at |east one chal cogenide
Bei ng provi ded bdDASACIRIROROT FokG N Wb e AL BUIT RBIIE | ayer and ai d
at | east one other glass layer. 110. The system of claim 109 wherein said
chal cogenidgigpi@deaasohtinition of germanium, silver, and selenium.
107. The method of claim 94 wherein said metal containing layer has
a thickness which is equal to or greater than a thickness of each of said first and
second glass layers.
108. The method of claim 94 wherein said metal containing layer
comprises a plurality of silver-selenide layers in serial contact with each other.
109. A processor-based system, comprising:
a processor; and
a memory circuit connected to said processor, said memory circuit
including a resistance variable memory element comprising at least one metal
containing layer, at least one chalcogenide glass layer, at least one other glass
layer, said metal containing layer being provided between said at least one
chalcogenide glass layer and said at least one other glass layer.
110. The system of claim 109 wherein said chalcogenide glass layer
comprises a material having the formula Ge,Se, ., wherein x = 20 to 43.

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

stoichiometry is about Ge,,Sego.
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conprises a material having the fornmula GeSel00_X, wherein x = 20 to 43.
111. The system of claim 109 wherein said chal cogeni de gl ass | ayer

st oi chi onworog/oT®18bout Ge40Se60 29 WO 03/ 071614 PCT/ US03/ @¢3850308385 The
system of claim 109 wherein at | east one of said glass |layers contains a
metal dopant. 113. The system of claim 112 wherein said nmetal dopant
conprises silver. 114. The system of claim 109 wherein said other glass

| ayer conprises a second chal cogenide gl ass |layer. 115. The system of

claim 114 furt heﬁélﬁp"fBE iszgt&ﬂ dﬁgﬁagxﬂeerWB%Jein SOBARIIHe YT shidYiss IdyefsOnt act

with said at | eaSt one secon cogeni de gl ass layer and at | east one
third chal cogeni de gl ass layer in contact wth said at | east one second
met al corfORtHNhY PEFHOPAEG. The system of claim 114 wherein said
chal cogeni de gl ass | ayer conprises a plurality of stacked chal cogeni de
gl ass. | ayers. 11713TiThesystmnofalaiml Hi2nwhdrimbed eiatalsdominteemprisesnt ai ni ng
| ayer conprises a plurality of stacked netal containing |ayers. 118. The
system ofsﬂ% im115 wherein at | east one of said chal cogenide glass |ayers
conprises a netal dopant. 119. The system of claim 109 wherein said netal
containing layer __conprises silyer-selepide |layer. 120. . The systemof claim
119 wherein sai d ldfhdhegrsies (Pfj 15 wherchy said Qtlgr aséck%&%‘?’%‘?’ﬁﬁc.s 121. The
system of claim 119 wherein said other glass |ayer conprises

a second chalcogenide glass layer. ,

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

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

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

| 118. The system of claim 115 wherein at least one of said
chalcogenide glass layers comprises a metal dopant.

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

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

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

an AsSe composition.
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an AsSe conposition. 30 WD 03/071614 PCT/ US03/ 04385 122. The system of
claim 109 wherein said other glass |ayer conprises a GeS conposition. 123.
The syst ewooB/ociead m 109 wherein said other glass |ayer coRETIEe304385

conbi nati on of germanium silver, and selenium 124. The systemof claim
109 wherein said other glass layer is a diffusion control |ayer for
slowing mgration of a netal ion froman electrode connected thereto. 125.
A processor-based system conprising: a processor; a nenory circuit

connected t0 Sl § 28! RESAA ULRIP ek G bW RBCAmbLES!

el ectrode; at | eadSt one tirst al cogeni de g r contact with said
first electrode; at | east one first netal containing |layer in contact with
said at |&E6 CORMPOSIIOASt chal cogeni de gl ass | ayer; at |east one second
chal cogeni de glass layer in contact with said at |east one first netal
cont ai ni ng | ayer 128t Theagdtermarsf ckeénoh@b mhtsdin sxidoaheri glaps layecomprissnt act
wth said at | east one second chal cogenide gl ass |ayer; at |east one third

chal cogenig(ﬁngingﬁgglr?g)égfmmuﬁp% taﬂ\ﬁ%‘égcﬁﬁinq at | east one second netal

contai ni ng Tayer; a second el ettro In contact with said at |east one

hi hal [ I I .31
third chal cogen Ci%‘LQT%g Séystgprllecgf cla?m 109 wherein said other glass layer is a

diffusion control layer for slowing migration of a metal ion from an electrode
connected thereto.

125. A processor-based system, comprising:

a processor;

a memory circuit connected to said processor, said memory circuit
including a first electrode;

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

electrode;

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

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

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

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

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

glass layer.
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WO 03/071614 PCT/ US03/ 04385 126. The system of claim 125 wherein said netal
containing |layers conprise one or nore silver-selenide |ayers. 127. The
syst em ofwoloaiomel£5 wherein one or nore of said chal cogemcaaisgh/esss | ayers
conprise a plurality of chal cogenide glass |ayers. 128. The system of
claim 125 wherein one or nore of said netal containing |ayers conprises a
plurality of netal containing |ayers. 129. The system of claim 125 wherein
one or nore of said chalcogenide glass |ayers contains a netal dopant.

130. The system @2&'@%}&% ¥hahsh @25%{:}5&&%% HORRBS NGRS 2&% silver.

131. A nenory elenment comprising: a first electrode; a second el ectrode;
and a plurality of chal co%’inl deF&%tsls | ayers and a plurality of netal

cont ai ni n§° ¢ SRGHAL TR St e Yt second el ectrodes, whereby said
plurality of chal cogenide glass |layers alternate with said netal containing
| ayers, with one 125 Hwi gystchabfdgemilde vwesis dngyarsoiaofteit act with said
first el ectrode and another of said chal cogenide glass layers in contact

Wi th sai dcraeonhi® §l§§srlgﬁ‘f'5 cdriscl DPIUFRIEOf cBAIBHBMidOEla6d B:¢Rs. 131 wherein

said plurality of netal” containing |ayefrs conprises one or nor e

silver-sel eni de | 133. elenent of clai 1 wherein one or
nore of said pl uf%/? S@Ftegha{a‘glﬁl&éiﬁg Rfirga oneRrdpare: %%+$§’§Eala plurality
of chal cogenide glass |ayers. 32 WD 03/071614 PCT/ US03/ 04385 134. The
menory el epmainiog laybmiconiBisenh plwnhitycfenetal crortaingfg bpdrd.

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

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

131. A memory element comprising:

a first electrode;

a second electrode; and

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

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

133. The memory element of claim 131 wherein one or more of said
plurality of chalcogenide glass layers comprises a plurality of chalcogenide glass
layers.
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plurality of metal containing |layers conprises a plurality of netal
containing layers. 135. The nenory el enent of claim 131 wherein one or
nore of swbDd3/oplews al ity of chal cogeni de gl ass | ayers cont &Crasas/omssal
dopant. 136. The nenory el enent of claim 135 wherein said netal dopant
conprises silver. 137. A nethod of formng a resistance variable nenory
el ement conprising: formng a first electrode; formng a second

el ectrode; and formng a plurality of chal cogenide glass |ayers and a

plurality of netajzs qotalRbRPelANEE of BaintasD witiréinfddeSsr AR seGRNd
el ectrodes, whereby said plurality of chal cogenide glass |ayers alternate

with said petal containing Jayers, with one of. sa.d chal cogeni de gl ass
yor o i el ol Rt dolame ek eoobrirS e luRlicRomeE CoBRTEAR |

chal cogeni de glass layers in contact with said second el ectrode. 138. The
met hod of lagemi m 137 wherein said plurality of metal containing |ayers
conpri ses one or nore silver-selenide layers. 139. The nmethod of claim 137

wherein one or noyg;. qjhc%ﬁ.bﬁlxop}l' Healeht ¥f claim 1B32LARIERI SR & RS LAMES S
conprises a plurality of chalcogenide glass layers. 140. The method of

compr | sesPUr L e PR goRi e R Uit Sy A Byel SSPuE W 03/ 071614 ©
PCT/ US03/ 04385 141. The met hod of claim 137 wherein one or nore of said
plurality of chal3¥oeddeidemginslemeayef slatodBaiwlereinmeidanetiddapint 142. The
met hod of claim 141 wherein said netal dopant conprises silver.
comprises silver.
137. A method of forming a resistance variable memory element
comprising:
forming a first electrode;
forming a second electrode; and
forming a plurality of cﬁalcogenidc glass layers and a plurality of metal
containing layers between said first and second electrodes, whereby said plurality
of chalcogenide glass layers alternate with said metal containing layers, with one
of said chalcogenide glass layers in contact with said first electrode and another
of said chalcogenide glass layers in contact with said second electrode.
13‘8. The method of claim 137 wherein said plurality of metal
containing layers comprises one or more silver-selenide layers.
139. The method of claim 137 wherein one or more of said plurality
of chalcogenide glass layers comprises a plurality of chalcogenide glass layers.

140. The method of claim 137 wherein one or more of said plurality

of metal containing layers comprises a plurality of metal containing layers.
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141. The method of claim 137 wherein one or more of said plurality
of chalcogenide glass layers contains a metal dopant.
142. The method of claim 141 wherein said metal dopant comprises

silver.
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