25 July 2006 SILVER SELEN DE/ CHALCOGENI DE GLASS STACK FOR RESI STANCE

VARl ABLE MEMORY FI ELD .CGF THE | NVENTI ON [ 0001] The.invention relates to the
field of random access nenory (RAM devices formed using a_resi hgnce
variable material, and in particular to a resistance vari gﬁﬂ‘élyn)'@

el ement formed usi ng chal cogeni de gl ass. BACKGROUND CF THE | NVENTI ON [ 0002]
A well known sem conductor conponent is sem conductor nenory, such as a
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[0003] In recent years, the nunber and density of nmenory elenents in
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addition, refresh operations consune power. [0004] Recently resistance

vari abl e nmenory el enents, which includes
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f0002] A well known semiconductor component is semiconductor

memory, such as a random access memory (RAM). RAM permits repeated read and
write operations on memory clements. Typically, RAM devices are volatile, in that
stored data is lost once the power source is disconnected or removed. Noﬁ;ﬁmiﬁl_lg :
;:i:amplcs of RAM devices include dynamic random access mcﬁxory (DRAM),
synchronized dynamic random access memory (SDRAM) and static random access
memory (SRAM). In addidon, DRAMS and SDRAMS also typically store data in
capacitors which require pcriodic refreshing to maintain the stored data.

(0003} In recent years, the number and density of memory clements in
mcmo-ry devices have been increasing. Accordingly, the size of each element has
been shrinking, which in the case of DRAMs also shortens the clement’s data
holding time. Typi;:ally, a DRAM memory device relies on clement capac:iqr'foi' data
storage and receives a refresh command in a conventional standardized cycle, about
cvery 100 milliseconds. However, with increasing clement number and density, it is
becoming more and more difficult to refrest all memory elements af least once
within a refresh period. In addition, refresh operations consume power.

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

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



programmabl e conductor nenory el enents, have been investigated for
suitability as sem-volatile and non-vol atile random access nenory

el enents. Knzicki et al. in 1 25 July 2006 U.S. Patent Nm?é 5l 72& 115;
5,896, 312: 5, 914,893; and 6, 084, 796, discloses a programablEYESRuct or
menory clenment including an insulating dielectric material formed of a
chal cogeni de gl ass di sposed between two el ectrodes. A conductive material,
such as silver, is incorporated into the dielectric material. The
resistance of the dielectric material can be changed between high
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change at a certain applied vol'tage with the growth of a conductive
dendri t e the dicldctamematerizd tare ba chivepeel baweon digle fdsistancecing lowt sisaneect i ng

the two el ectrodes and setting,the nmenory_elenent .in a |ow resistance
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filament between the electrodes effectively interconnecting the two electrodes and
setting the memory clement 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
Ieast the same order of magnitude as uscd to write the element to the low resistance
state. "Again, the highly resistive state is maintained once the voltage potential is
removed. This vv;ay, 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 chalcogcnidc
glass. A specific example is germanium-selenide (Ge,Se oy, ) comprising silver (Ag).
One method of providing silver to the germanium-sclenide composition is to
initially form a germanium-sclenide 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
dcctromagnctic cnergy ata Wavclcngdl less than 600 'nanémcﬁcxs, so that the encrgy
passes through the silver and to the silver/glass interface, to break a chalcogenide
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[ 0006] One preferred resistance variable material conprises a chal cogeni de
gl ass. A specific exanple is germani um sel eni de (Ge. Sel 00.) conpri sing
silver (Ag). One nethod of providing silver to the gernani lg)f}'fﬁ/? %ﬁl de
conposition is to initially forma gentiamum scl erude gl ads 4 q en
deposit a dimlayer of silver upon the glass, for exanple by sputtering,
physi cal vapor deposition, or other known techniques in the art. The | ayer
of silver is irradiated, preferably with electromagnetic energy at a

wavel ength | ess than 600 nanoneters, so that the energy passes through the
silver and bend bt dhaliogehids natetigl suak ¢hatl the plRa ks dopddbdEplasioddped withS
Jul'y 2006 bond of die chal cogenide material such that the glass is doped
or phot odopéilyeni $ilver sady\also begproyidedwytheiglass by psoesshingahe glashwity silver, bs/
processing th | ass. w.ith silver, as, i.n the case.,of a . g
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silver intglagshe glass, the degree and nature of the crystallinity of the
chal cogenidc material of the nenory elenent has a direct hearing upon its

pr ogramm ng c?aracteri stics. Accordingly, current processes for
i ncor por at i ng [8994kr r edniareordancewithithe camant we affiacempemting siver
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during sem conductor processing and/ or packagi ng .
¢ amounts of Ge Seyq,, glass and silver, so as not to incorrecdy dope the glass and

impropetly alter the crystallinity of the chalcogenide material. Current processes also
require careful 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 clement, 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.c., a short life, and eventually device failure.

[0009] Accordingly, there is a need for a resistance variable nmemory
element having improved mcmofy retention and switching charactcri_slics.. There is
also a nced for a chalcogénidc glass memory clemeant 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 clement and a method of forming the resistance variable memory clement
in which a metal containing layer is formed between a first chalcogenide glass layer
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of a fabricated original structure that incorporates the nenory el enent,
the el ement undergoes thermal cyeling or heat processing. Heat processing
ran result in substantial anpunts of silver migrating into_die ry

el ement uncontrollably. Too nmuch silver incorporated intozéﬂgyﬁgﬁgry

el ement may result in faster degradation, ie., a short life, and
eventual ly device failure. [0009] Accordingly, themis a need for a

resi stance variable nmenory elenent having unproved nmenory retention and
switching characteristics. There is also a need for a chatcogeni de gl ass

menory el e ' L S t [ ) [ [yl r mal
pr.ocessi ng BR% %élg%l\%@&% %RJM%E%%r@%%Fg e%‘gldig%e;r?tl, t he
| nvent i on gdeneos more axitall OneAiniod lapdts ﬂmyﬂﬁ:l‘?:b)‘i&ﬂ%&ﬁbcﬁﬂ&’c | of
form ng the resistance vari able nenory el enen in which a netal containing
| ayer is forned. between a first chatcogcnide glass layer 3 25 July 2006
and a second[80Bkk | aydn a ramowsr aspeds offthe Aest gmbxliment the imgeniondoped wi t h

a netal e_or_nmore .nmetal containpi | .ayer s be prqvi ded, bet ween
the gl ass HEGYEFS 2 e climedt sd A giriod 86 &ormigk thir memoby clemeptinhih t e
i nvent i on atNERY bHe hyer BEIRE R L | y
el enent i na whi ch atyef east %ﬁghﬁgge@rf 0 sié‘:l' ver - sg%%i%c%%g%mg?{men a
first chatadgesticdad glas hybnyThe sedithdoglas Aoy rGdyedso bayehalcdBenidegissl gl ass
| ayer may ,al so ﬁgq a chal cogenide glass |ayer. The stack of |ayers
conpri si nda¥Ers | tdexsanremprbings ficst chalcagenids glassde silesresclenidedayea,
second ¢l er .arc forned bet n two conductive lLayers qr el ectrodes.
In a vari a%ll Jo%\égPdtg#é;s FVF%W@%BB%&?@M W%E‘_”F_iﬂfgﬁi: #%errs ?‘h@‘%’? - dp
| ayers may ¢RAtBhbf tHORL hYb BN bf UR! inSEhESH, The stadk OF INERRE bitGin
chal cogende gl ass | ayer and the

more than one ﬂhq-sclcﬂdc layer between the chalcogenide glass layer and the

second glass layer. In another variation of the first embodiment, the first

chalcogenide glass layer may contain multiple chalcogenide glass fayers and the

second glass layer may contain multiple glass layers. Thus the stack of layers may

contain 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 sccond glass layers may contain a metal

dopant, for example, a silver dopant.

[0012] According to a second embodiment, the invention provides a
memory clement and a method of forming a mcﬁ:ory clement 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 tlectrode. Thus, the plurality of
alternating layers of chalcogenide glass layers and metal containing layers are stacked
between two clectrodes. 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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second glass layer. In another variation of the first enbodi nent, the first
chal cogeni de gl ass | ayer _may contain multiple chal cogeni de glass | ayers and
the second glass |layer may' contain nmultiple glass |ayers. Thus é?e st ack
of layers may contain one or nore silver selenide |ayers A JeRr 08P cont act
wi th each other formed between a multi-|ayered chal cogeni de gl ass | ayer
and a nulti-layered second glass l|ayer. In Yet another variation of the
first enbodi nent, one or nore of each of the first chatcogende gl ass

| ayers and the second glass | ayers nay contain a netal dopant, for
exanple, a _silver dopant..[0012] ,According tq a _second enbaodi t he

i nventi on ﬁ?’B\'?‘Pd%Bﬂﬁgﬁmcgﬁéﬂéﬁgﬁéﬁhﬁpn&ﬁﬁ%?&%?ﬁ%%%r y

el enent co ST ' | cdtdih jde gl ass
and ot al coeoing e Y nbrelr L sl GRRAN. Bk AYEE A catanconen)

chl acogcnmddophsis forl @uaiplenkilkaddopdol. a | ast chal cogeni de glass layer, with
the first chal cogenidc glass |ayer contacting a first electrode and the

| ast chal cogende gl ass | ayer contacting a second_el ectrode. Thus, the
plurality of alternaBRIEH RESGRIETION QRIHEDRAWINGYers and net al
cont ai ni ng | are: cked , between two el ectrodes.. The netal cpntaining
| ayers pref era@g’ﬁglcorrprsi@% agdsqtﬁ%mﬁ:angﬁ%lﬂcggiwcs?&%c nye &n wil? be

si | ver- scl gokélanddis@od i the folffwihRYcHaka! SRR if Provideatial
containing layers may each contain a“plurality nmetal .containing:layers.
In  anot hetomsckinhi with dic atongRnging drbdsistent ~ t he chal cogeni de gl ass

| ayers may each 4 25 July 2006 contain. a plurality of dialcogenide glass
| ayers. In yet another variation of this enbodipgent, one or re of the
chal cogeni de [§034d | ay&@%ﬂ%@ﬁ%ﬁ%@ﬁﬁ?ﬂﬂdmﬁf? MEROFHAFHBFRE o

silver dOp?a%trIca |£EC%§%R&PJA a g;t ;rtll_llléommDRAt\:/Ivltl\(l)cﬁhc invention and at an initial

stage of processing.

: [0015] FIG. 2 illustrates a cross-sectionial view of the memory element of

FIG. 1 at a stage of ﬁroccs‘sing subsequent to that shown in FIG. 1.

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

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

[0017] FIG. 4 illustrates a cross-sectioial view of the memory clement of
FIG. 1 at a stage of processing subsequent to that shown in FIG. 3.

{o018] FIG. 5 illustrates a cross-sectional view of the memory clement of

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

{0019] FIG. 6 illustrates a cross-sectional view of the memory clement 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 subscquent 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.



[ 00131 These and ot her features and advantages of the invention will be
better understood fromthe followi ng detail ed description, which is
provided in connection with die acconmpanying' draw ngs. [001ﬂ FI G |
illustrates, a cross-sectional view of, a nenory clenent 2adulycd08d in
accordance with a first enbodi nent of the invention and at an initial

stage of processing. [0015] FIG 2 illustrates a cross-sectional. 'view of
the nenory clement of FIG | at a stage of processing subsequent to that
shown in FIG 1. [0016] FIG 3 illustrates. a cross-scctional view of the

FF”E{ & CE;”FB&Z%J- i  FIG: Pl R OomaaeP ol e Fupodimetiaro, y
FiG s [l bmEpPbid Rleiici A3 el SHATRALRRY altBcqlt co oty "
cl ement ofshoWwhGn FI(:3H4.a stage of processing subsequent to that shown in

FIG 4. [0019] FIG 6 illustrates a cross-sectional view of the nenory

elenent of FIG 1 at a stagq of processing subsequent to that shown in
FIG 5. [00208023]c 7 FlGudDrillsseates agrossssesionalonay of aasariation pEtheenor y

cl ement of _ FI t a stage of progessin ubsequent to_that-shown. in
R S T L R R S R e
clement ofgybidgend td &&gﬁgﬁﬂé}ﬁ?ﬁ@{%’gh a variation of the first enbodi nent
of the inventi'on at a stage of processing subsequent to that shown in FIG
4. 5 25 July 2006 [0022] FIG 9 illustrates a cross-sectional view of a
second enbod[0f24] of t FéGmdduHystetesmecrimpidtet Systémvmningom memay slempntof

pr ocessi ng&_ subsequent to that .
ormed according to the invention.

DETAILED ﬁESCRIPTION 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. It is to be
uildcrstood that other embodiments may be employed, and that various structural,
logical and clectrical 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 Tegions or junctions in or over the basc

semiconductor or foundation.

[0027] The term “silver” is intcnded to include not only elemental sitver,
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
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shown in FIG 4. [00231 FIG 10 illustrates a cross-sectional view of a
variation of the second enbodi nent of the nenory el enent of the invention
at a stage of processing subsequent to that shown in FIG 4%]&%2@ ) FIG |
| illustrates a conputer system having a nenory el enent f &F ordi ng
to the invention. DETAI LED DESCRI PTI ON OF THE | NVENTION [0025] In the
follow ng detailed description, reference is nade to various specific
enbodi nents of the invention. These enbodi ments arc described with
sufficient detail to enable those skilled in the art to practice the

I nvention._Jlt:] toqd . 'I%E B oyed,
and t hat chﬂtdgﬁgv%%?ggf%@gﬁc@%g?ﬁﬁgﬁdﬂgﬁgﬁﬁﬁ% C ggges nv€1§ e nmade

wi t hout dqgﬂ;rhhhggifromthe spirit or scope of the "invention. [0026] The
term "substrate™ used in the Mowi ng description may include any supporting

structure including but not limted to a sem conductor substrate that has
an exposed s{0828ht e siliheacem “Ailwerscleoidhlds orenddssto imchidetvatipys sprsics of
understood.to inclyde silijcon-on-insulagtqgr, (SQ ). silicon-qn:sapphjre
(508) Qo s apR AR G ORUh berasiebf eresFape dpaEPF g
supported'g p\ym@a&@s ERLLC feundation, and other sem conductor
structures. Vhen T& ’r%h?é’*?sy%nggggzt‘gaa sem conductor substrate or wafer
in the follow ng description, previous process steps may have been
utilized to {0028] r egi Gle term|“somi-volasild meaorgVBrintemeledas éncladeramponduct or
or foundation. [00271 The term"silver" is intended to include not only
el enent al WFMEEy deviggor elemear whichissapehle of mantpaing s SICMAYFIALE 8lSt al | oyed
fgg*g)' nat | Jowedis Ecgﬁ’éxgq%{%ﬁ@%'&vf‘c% 1612 Phololgdd SetSdoF SR CHRs, kagst ry. as
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 chaicogcnidc 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 elemént” 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 glzss” is intended to include glasses that
comprisc an clement from group VIA (or group 16) of the periodic table. Group
VIA clements, also referred to as chalcogens, include sulfur (8), 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 clement
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6 25 July 2006 conductive, and as long as the physical and el ectrical
properties of the silver remain unchanged. . [0028] The term
"silver-selenide" is intended to include various species of

silver-sel enide, including sone species which have a slight25dREed00,
deficit of silver, for instance, Ag.Sc, Ag,.Se, and A92..Se [0029] The
term"sem -volatile nenory" is intended to include any nenory device or
clenent which is capable of maintaining its nmenory state after power is
removed fromthe device for a prolonged period of tinme. Thus, sem -

over " Scur 0B SRR BE o250, S1C 1 il B RS o bplatng e
"senmi - vol a‘lh'iﬁnﬁ&ﬂ@b&‘ﬁa%&nﬁbﬁ@uﬁtb% &1@,&93&%@&9%@% e VR atile

menory devi ces, but also non-volatile nenory e term

"r esi st ancshouldibehirelepstbed idhdt the Sedistherdadiable meflotd elened a0 be fordeed on
gl asses, and chal cogeni de gl asses conprising a me* such as silver. For
i nst ance df &gy ofspbsrage materials and Bob just semiconduries isubrieates sugh as siliponl

chal cogeni : S,..Silver-gerni agi um,scleni de gl asses, ,and c cogeni de
gl ass corrgrgf g%%?gﬁ §= the %W@&XFH@I‘%VeW %%ﬁgi?g%ﬂgs?%FW@&i nce

vari abl e npi¥QLayinell. N2 mby bk FSRAE W t,

i ncl udi ng progrgme conggg'ltﬁ?)r m%%@y&%hﬁ?ﬂiﬁégﬁ%%“ e nmenory

el enents, sputtaring: btlatricel vapop dypedidor (CYDY) ipldsnexdiibahécdBCVIDR (PECYIRE
change -in response to an applied voltage. [0032] The term "chal cogeni de:
&s" is i nt EhBEYH "‘PRR!I‘E%? sigoad $4d>). hBhe m&%ﬁlﬁs&!’@rﬂ‘mmtfotmm aoup VIA
(or group 48] veRliohnBRkSE bfidk 2B asFURYR oxide (Si0,), a silicon nitride (SiN,),

or a low diclectric constant material, among many others.

[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
clectrode 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
ctching process. A first chalcogenide glass layer 17 is next formed over the fisst
diclectric layer 15, to fill in the opening 13, as shown in FIG. 3.

[0036] According to a first embodiment of the invcntion; the first
chalcogenide glass layer 17 is a germanium-selenide glass having a Ge,Se;q9.,
stoichiometry. The preferred stoichiometric range is between about Ge, Seg, to
about GcHSc;, and is more preferably about Ge,Sego. The first chalcogenide glass
layer 17 preferably has a thickness from about 100 A to about 1000 A and is more
preferably 150 A.



VIA elenents, also referred to as chal cogens, include sulfur (S), selenium
(Sc), tellurium(Tc), poloniurn (Po), and oxygen (0). [0033] The invention
will now be explained with reference to FIGS. 1-10, w nch iIIu%é te
exenpl ary enbodi ments of a resistance variable menory cl emgntdy é July
2006 100 in accordance with the invention. FIG | depicts a portion of an

I nsulating layer 12 forned over a sem conductor substrate 10, for exanple,
a silicon substrate. It should be understood that the resistance variable
menory el enment can be formed on a variety of substrate materials and not

just sem cond subsThaifes &Hﬁbg&ﬁdé'glawﬁﬁcr,aﬁﬁﬁs & pBP bckbbhe fésul ati ng
| ayer 12 na e fornmed on a plastic substrate. The insulating |ayer 12 may

be forned Billowng xmeral coapusingi layerwichas a silvareseleaide laper, tebe dyeddy cheni cal
vapor depos;jtiaon (CVD), sma ephanced CVD (PECVD) or physicgl vapor
deposi tion ‘{"P‘?ﬁ_‘ﬁ"d t%@gqﬂngtﬁ%\ 3 BEE c9 &Wﬁéf’lﬁ}éas BFH‘ST nti onal

I nsul ating Ldge, .q@ iI'!!S? %.iig ' nab L LI L L I.3N,),
or alow dil&ég’gtﬁrcf’@&%gns a%tc na g’ﬁ a _,%agnsg’jﬁ ~many zik#e"r&s. H%@Aéi‘%@iarst

el ectrode bfethiysitx) dbpedreshlev@inidd Gatsnwhichiwodld rysire pBotdtopic 60the
illustrated in FIG 1. The first electrode 14 may conprise any conductive
materi al , Pebstaewptbeultraviolntsradiation.c Kidwevegit &l possiblel tordlsaumetap(silverum  or
silver, anpng nany,.others. first dielectric layer 15 js next fornmed over
The 1+ st SPBLtoHAICOEFide efers i, (Richd% iy sQn she Fhxgr-edeinte Bychi o
sanme or difai%‘i%?h‘?gﬂt Lals as those described above with reference to the

I nsul ating | aye ] Referring nowto FIG 2, an opening 13
extending to the first electrode 14 is forned in the first dielectric

|l ayer 15. The[0838)i ng 1Fhedymhtion 6ff thie dirdt\chilzogenide ghas byenl Flitavitigta f or
exanpl e, by a conventional patterning and
stoichiometric composition in accordance with the invention may be accomplished
by any suitable method. For instance, evaporation, co-sputtering germanium and
sclenium 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 vartous 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,
Prcfcra_tbly silver-selenide, is deposited over the first chalcogenide glass layer 17. Any
suitable metal containing layer may be used. For instancc,- 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-sclenide layer 18. For instance, physical vapor deposition techniques such as
evaporative deposition and sputtering may be used. Other processes such as
chemical vapor deposition, cé-cvaporation or depositing a layer of sclenium 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 laycrs' is such




etching process. A first chal cogenide 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 enbodinent of die invention, th i.r st
Chal cogeni de- glass layer 17 is a gernmani um sel eni de gl ass 2ﬁe[9ﬁ’n?[goog
Ge.Sel0O. StdAdlionetry. ne preferred stoicluornetric: range is between
about Gc2aScso to about Gc43Scs7 and is nore preferably about GowSc6,. 11x
first chal cogenide glass layer 17 preferably has a thickness from about
100 A to about 1000 A and is nore preferably 150 A 8 25 July 2006 [00371
The first Ei&'lﬁ@ﬂﬁ!w%nﬂhéﬁ%ﬁ?&%dﬁa&}%ﬁft&ﬂk@éﬁal&?g%@ﬁﬁa&% ®l i ng a
suc to be cy

netal containing |ayer, as a silver-sclenide |ayer, irectly

deposi t ed nivealeontaifing lase ioflsa tiickalthaw atsedoridglassdyyer, dsudbedibelaw. ’
silver-sel g&de layer, in contact with the chal cogende gl ass_| ayer nakes

it unnecesMETy Rreferahly the ghigkness of the layers arg sughthat ¢ i efdsiseergclenide

whi ch woul ' 0 | of th substrat.e, Wi thultraviol et

radi ati on. %ﬁg@.’:el%u%ss? %hgq%gts 98¢t g% aﬁl?ﬁ?%f df%cls% E\}e‘:’r“l)':vw:‘(::l[b?)be‘"'-}%hsél

chal coget ughed @bae6] -1 aViaroth¥ivehdd, thd thiQeiRS6f th¥ sitber fenidéd LPér is BLEFELR

|l ayer, as an optional variant [00381 The formation of the first

chal cogeni ahkoufl ass abbaydy tities gheatenthan the thuickinsse of die fisst cloalpagenideoglassn
accordance, with_di e i nvention my be acconplished _by_any suitakle nethod.
For 1 nat antaer- cBYRRMAFT Bricrablys i roi i Gese o3k andbent 3k Svetne
appropri at | terin ' r pani un Sel enide target having
die desire és‘?%#’c F%%%ﬁ@r%ﬁ%%‘ﬁ%%&%ﬁﬁ%ﬁ“wm
stoichionetric: amounts of GeH4 and ScH. gases (or various conpositions of

these gases) [o0RLEh T Wghqummm S:RbRAiglfs fiykD0hs fobBcd aver g1
stoichionetry are exargpl es o
first silver-selenide layer 18. The second glass layer allows deposition of silver above
the silver-sclenide layer since silver cannot be directly deposited on silver-selenide.
Also, it is believed that the sccond glass layer may prevent or regulate migration of
_mcm.l, such as silver, from an electrode into the element. Accordingly, although the
exact 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., GexSe100-x. Thus, the second glass layer 20 may be
of a different material, different stoichiometry, and /or more ﬁgid than the first
chalcogenide glass iaycr 17.

[0042] 'i‘hc 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-selenide), AsSe (arscnic-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.c. less than about 3%, of dopants to

include nitrides, metal, and other group 13-16 clements from the periodic table.
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met hods which may be used to formdie first chal cogeni de gl ass |ayer 17.
[0039] Referring nowto FIG 4, a first netal containing | ayer 18, '
preferably silver-selenide, is deposited over die first chalcogenigc gl ass
| ayer 17. Any suitable metal containing |ayer may be used?’ BV 2PR%t ance,
suitable nmetal containing |ayers include silver chatcogenide |ayers.
Silver sulfide, silver oxide, and silver telluride are all suitable

sil ver-chat cogeni des that may be used in conbination with any suitable
chal cogenicte glass layer. A variety of processes can be used to formthe

sil ver-sel cui l.gyer 1 For.ln cC hysi I 034t |
t echni ques su@ﬁmgg eva’glgfa@%”gégggcﬁﬂ%ﬁx%ﬁg‘%pu eFiSLﬁ“g&ﬁ%%‘;Slb%qﬁ%%d-
‘Ot her pr ocehfRfess UChredter tﬁﬂfmcctaickﬁaﬁ%tﬂ@waahalfgm l#yer. EPARGaBly! 2 PaticPbf
depositing a |layer of selenium above a |ayer of silver to form

si | ver - sel ¢h¢ diver-atlenidedaywe thiskrekss fd) EtOdeconih glasalagersthivkncedsds betwesniababt e
t hi ck .o hj ck th | d d up t i hani sm f
(hyckoess. JIhe ghLckopss g Lo, Layers dspend vaen e Eshenantar,
metal cont g DR RY §F C%E&L&gﬁ;s l&ﬂf}ﬁf bprw LBbuf 8. F Qﬂg ngaﬁﬁt 9hagRe,-aver

The nmetal containing lNayer 1s¥also han a secon ass layer,

descri bed helkaide laybtisicln®h €6 sdtbid dldie ldyer eliclaiess. The sitondqias tayef 20such

that a ratio of the silver-selende |ayér thickness to the Tirst

chal cogeni @ecfgrablyshisqa dhicknossdietween aboutct0Atoabout 1000 A axdiisabotet 1: 1. In
ot her words, th l;@gess of the silver-sclenide |ayer is between about |
to about 5T ¥ r than the thickness of the first clial cogenide
glass layer. Even nore preferably, the ratio is between about 3.1:1 and

about 2:1 sil Sci cm t I t [ ' S
| ayer thick neg?.ﬁﬂ 004 1%@@?’@?\’3 Ar?o‘%‘vg ?éoc@fic;g"’% Lyt é?‘?ol":n}%‘1 8? g‘?é’%@é?& 20 is
fornmed ovetbytang suftabls mahbil e Fos Glstiticd echeyieil viBor dbsosREAN RéapiraGon, cay er

al l ows deposition of silver above
sputtering, or sputtering using a target having the desired stoichiometry, may be

used.

- . [0045] Referring now to FIG. 6, a second conductive electrode material
22 1s 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 clement
100.

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

clectrically cbupic the second electrode 22 to various circuits of memory arrays.

[0047]  In accordance with a variation of the first embodiment of the
invention, onc 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-
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the silver-sel enide |layer since silver cannot be directly deposited on
silver-selcnide. Also, it is believed that die second .glass |ayer may
prevent or regulate mgration of netal, such as silver, froqh§9aﬁ1ectrode

into the elenent. Accordingly, although the exact nechani sm ®h the

second gl ass layer may regulate or prevent netal magration is not clearly
under stood, the second glass |ayer may act as a silver diffusion control

| ayer. For use as a diffusion control |ayer, any suitable glass nay be
used, including but not limted to chatcogeni de gl asses. The second

cl i al cogeni . 40l I [ , t . L chi tric
conposi ti oﬁéig%ld?rln%%?sl ‘r“%ﬁ"&‘gg‘?ccéggﬁ?"g@ﬁg@@ést %éﬁ?b@g%% %‘%@Thus,
the second|gkass de&sbsifRd dpfthe Frst il defintdé layat P8 babseqaédd o that
stoichionetry, and/or nore rigid than the first chal cogenide gl ass |ayer
17. [0042] prinessing owp shbwwndn|Eye#.20, when used as a diffiision control

| ayer may generally conprise any suitable glass material with the

exception of S and .. oui-tapl.e glass material co itions.f,or the
second gl ass ﬁ’é\%ﬁ 20 iﬁéﬁi‘f@é’%? c(ngqr‘T' P&H‘Eéﬁ%ﬁ#ﬁ&?w%m 3
(arsenic-s ' agl-@gggﬁ@ AR L6l8)rhaf B¢ equal
conbi nat i oﬁéﬁg&%‘?ﬁ%?"%n . nilc'gr%;giﬁocé‘gtahe sulgf%%ﬁg%ﬁaggsthnat efiqgl S
may furt hero ghdrHitlarss 6PdHe fusnelfidogahideidass layer. Thezodil thiakmust ofthe of
dopants to include nitrides, nme* and other group 13-16 elenents fromthe

peri odi c t abmbinctbmegal gohtaiiogdayefs0oalsy greater thandha a8 re .
such that the sil.ver-sclenide | ayer .thickne I s gr.eater than t.he thickness
of the Seclc gltis Brotayes thasthe & abijckness 6F ths Gpabipns mslDhrdnfe e
| ayer thic ' ggp" I ' %&Fh SssitiegReabout - 5:1
and about 1:1. l(rggg%‘(rité?gga y?kﬁlgcs t %r %P-htctﬁg SI vers- scl eni ctie | ayer
thi ckness tchalcbgehidd ghkdlager 4d dd6rdinglp bdrgedssbduryleto aloure] dawes ghduver
3.3:1 and about 2:1 silver-
than the thickness of the 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 nicml containing layer(s) should
be thicker than the total thickness of the one or more layers of chzilcogcnid: 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 coﬁtaining 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 cven more preferred that the total thickness
of the metal containing layer(s) is between about 2 to about 3.3 times greater-than
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scl enide | ayer thickness to second gl ass |ayer thickness. The second gl ass
| ayer 20 preferably has a thickness between about 100 A to about 1000 A

and is nore preferably 150 A [0044] The formation of the ?ﬁi@ng gé ass
| ayer 20 may be acconplished by any suitable nethod. For f Al ;

chem cal vapor deposition, evaporation, co- sputtering, or sputtering using
a target having die desired stoichionctry, may be Used. [0045] Referring
nowto FIG 6, a second conductive electrode material 22 is forned over
the second gl ass | ayer 20. The second conductive el ectrode material 22 may

conpri se ar | | ducti.v terial. . (for |l e ngst.en
Cantal um - e SerfAdEBiend of Y hbihEd Tk B s s SY Al fenidd 18 304 o
-conduct i ve thetasl thdt@caRifahe Rbmbin&PORE bs fivré ldyésy of the Yecondiplait ageousl y,
the second gl ass |ayer 20 may be chosen to considerably sl ow or prevent

mgration of electrically conductive netals, such as silver, through the
resi stance valQ080le nenlsy sccordansn withl B anp et 6ariRat off thic igvemtiony onépG, 7,
one or nore_additjonal dielectric |ayer 30 e fornmed oyer, the second
olectr ode a0t the Bibcdachidy bhisdlavert s yrepndaiiiss IrecaY 859 e dootd sidhoo
vari abl e memLne seap f tructure fabrication over die
substrate 10. Com?entlgo?]a pFB‘?&@P gﬂg{}éps can then be carried out to

el ectrically couple die second el ectrode 22 to various circuits of nenory
arrays. [0047]0051]accorRebatmghotr to B, 9 wiich siowhesdcond enebddlisheneof of
the Inventjon, one or, nore |ayers of a netal containing nmaterial, such as

si | ver - sc| &h¢ nyentiomsubsequenidsi the proeessing steasshopmuinddis i, dbe sagls of lagigrsr 17

Any nurber gof & ch\égrrccr} ERrst gxllé{ sczc%%% cléctrodcs may include alternating layers of
chalcogenide glass and a metal containing layer such as a silver-sclenide layer. As
shown in FIG. 9, a first chalcogenide glass layer 17 is stacked atop a first electrode
14, a first silver-selenide layer 18 is stacked atop the first chalcogenide glass layer 17,
a sccond 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-sclenide
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 cmbodimcﬁt, the stack comprises at
least two metal containing layers and at least three chalcogenide glass laycrs..
However, it is to be understood that the stack may comprise numerous altcrnating
layers of chalcogenide glass and silver-selenide, so long as the alternating layers start
with a fiest chalcogenide glass layer and end with a last chalcogenide glass layer, with
the first chalcogenide glass layer contacﬁ.ng'; first electrode and the last chalcogenide
glass layer cohtacting- 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-sclenide layers are preferably thicker than connecting chalcogenide
glass layers, in a ratio of between about 5:1 and about 1:1 silvcr-—sclcn:idc layer to
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selcnicte layers may be used. As shown in FIG 8, an optional second
si[ver-scicnide |ayer 19 may be deposited on the first silver-scienide
| ayer 18 subsequent to the processing step shown in FIG és %Qgﬁ@% The
t hi ckness of the layers is such that the total thickness o &lE nbi ned
netal containing |ayers, e-g. silver-scicuide |layers, is greater than or
equal to the thickness of the first chal cogenide glass |ayer. The total

t hi ckness of die conbined nmetal containing layers is also greater than the
t hi ckness of a second glass layer. It is preferred that the total

t hi ckness I n LovePRtWBEN3ZIPYRd! tO
about 5 tlﬁ%&grg%gﬁmbéj‘%g%%ﬁ& i‘?%ss o F}Itr)ést @ha | cognmude gl ass
| ayer andzapwcélssﬁhﬂcugt&@seom&d&hﬂeo@mgﬁsmm greater than the
t hi ckness of the second glass layer. It is even nore preferred that the

total thickness of die conbined netal containing |ayers, is hetween about
2 to about 3[@53]i mes @emmmpmcwnﬂem%%m@m?mm‘wc yers of a

uth §2?emﬂ' Ftpinie B sucth e A E Reie O By Arnpsdbthueth 865100,
I I
ayer %é&iﬂc Bk n@gc Tﬁgysecon‘g ﬁm&é&é&a&&%&w BE iscdTBAST | @

such as german ms gl ass layer may al so conprise one or

nor e |ayersﬁoﬁi1]’.ﬁ(}]|11‘ﬁétm%betsb ?wtsuqﬁattlte ttmnﬁmmanE@e{samay be used
to conprise the first chal coger e

gl ass | ayer and/ o é | ass
| ayer Howadditional si ‘emdcmdcl!meﬂsm bﬁé@p@wdtcmﬁrc Ve ﬂb‘gﬁ L et al

o mor 8 Iﬁ@ea%%é <ol sl B 1 T s Ao £ rﬁ?%ﬁﬁf‘%?r%fﬂﬁngé‘i

of die nef rlh)?ér'ﬁl%g Iayer(s) shoul d be thicker than t he total

t hi ckness the one or nore layers of the second glass layer. Preferably a
rati o of the total thickness of the netal containing |layer(s) to the total
t hi ckness of [0@%tJone oin atoedirmy pwithofet ahattme yariatitn gf tesinventiet,weel of about
5:1 and

the chalcogenide glass layers may comprise one or more thinner layers of a
cl;alcogcnidc glass material, such as germanium-selenide. Any suitable number of
{ayers 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 mcmolry 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 clements that switch at about 100 panoseconds.

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

invention contcmplates the formation of any number of such resistance variable
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about 1: 1. Also, preferably a ratio of the total thickness of the netal
containing layer(s) to the total thickness of the one or nore |ayers of
the second glass is between about 5:1 and about 1:1. it is gven re
preferred that the total thickness of the netal containindwl§§%%§@§ IS
bet ween about 2 to about 3.3 tinmes greater -than 12 25 July 2006 the
total thicknesses of the conbined one or nore | ayers of chal cogeni dc gl ass
and the total thickness of the conbined one or nore | ayers of die second
gl ass [0050,1 In accordance with yet another variant of the invention, one

be. doped WTPOH AGnENE: WotHyrn BE T e RRAP At il pe B BidFy =0

Referring pouwhé©9 diddrentacctlicibuigiows a second embodi nent of  the invention

subsequent to the processing step shown in FIG 4, the stack of |ayers
formed between the first and second el ectrodes may include alternating

| ayers of cH&I068Jeni deFib.abd illusutatas aeypital pooccasar-baged syseam a
silver-sel caide |ayer. As, sh in FIG., 9, a first, chal gogeni I

ayer 171 etdsietemosh ciont ALk, (o senplaa progranyiep D GRReL 1SR e,

| ayer 18 i 2] fi gemi oddfice With dfe second
chal cogcni g‘éﬁ%%gts ﬁéé/l%?v hl:| %E@%%Qg@%g%%bgﬁé%ﬁgﬁd sil \?gr -sel eni de
llayer 18, imwenti®fi0 X prddeysdk néudh ak ay:emplitér systeni,ggeinechliptcoppirises second
chal cogCnide glass layer 117, a third chalcogenide glasg |ayer 217 is
stacked at ogntrilproeessing wnit (CGPUS 414, sugh as payisroprogessar, r-sel eni de

| ayer 218 is stacked gtop the third,chal cogenide ass Iay,’-%gtg, . a
fourth chaPEYGEIRNTaEr g&gggr@mm%cgw&%@%a %Ccfhg’hfcﬁi?oén? WEF e g[rlli de

layer 218. cz% 2 H&gﬂs%bnhﬁﬁnfcﬁ%t h
chal cogeni é“gﬁéﬁg‘@&ﬂg@ S%%?ﬂvﬁpg%g%%gn?e&w&?h the second enbodi nent,
the stack e@fiPftiessysteat over bus 452 typically through a memory controller. '.

D

[0059] In the case of a computer system, the processor system may include
pt;riphcral devices such as a floppy disk drive 454 and a compact disc (CD) ROM
trive 456, which also communicate with CPU 444 over the bus 452. Memory 448
is preferably constructed as an integrated c1rcu1t, which includes onc 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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| east two nmetal containing |layers and at |east three chal cogetude gl ass
| ayers. However, it is to be understood that the stack may conprise
nunerous alternating |ayers of chal cogeni de gl ass and silverhgelaﬁ£de, SO
long as the alternating |ayers start Wﬁth a first chalcog%@ %2% ss | ayer
and end with a |ast chal cogeni de gl ass Payer, with the first chal cogeni de
gl ass |l ay G acting a first electrode and the | ast chal cogenide gl ass

| ayer con§i€¥§ﬁ% a second el ectrode. The thickness and ratios of the
alternating |ayers of silver-selenide and chal cogeni de gl ass are the sane
as described above, A1gsistapeg varighlegnerpeny cdanelyt GBPTIE)8r s arc preferably
ducker than connecting chal cogerude glass layers, in a ratio of between
about 5:1 and atdoast ofic hetil kvdeogsaldeniyde rdpagsented by M@ 3vhpmy 2006 connect ed
chal cogeni de gl ass | ayer, and nore preferably between about 3.3:1 and 2:1
si | ver - sdenisdemétay € ist@helkbgeidesheshiall eegeni, dad gliastsout ayer. [00531 in a
variation of the second enbodi nent, one or nore |ayers of a netal

cont ai ni ng mat gtrlgggmnémcc%gnﬁygyﬁg 136 @i de may be deposited between the
chal cogende gl ass | ayers. Any nunber "of sitver-selenide |ayers may be used.

As shown FIG 10 at a pr iLn : t; : BW%:'” FIG 4,
an additional ati1 F%S\?gp? g@é%%ﬁﬁ%ﬁaﬁ(ﬁ%&‘l@ﬁ%‘%ﬁ@ﬁé&# gg&'g??t he df irst
silver-selerride |layer 18 and an. additional silyver-selenide |layer 518 may
be deposi L@We@hs%lqlné%/]lef‘ﬁt e §]i“}q?&3’emd§§fal§ﬁ :laé’ér d & feast f”ﬁﬁ)%tgfr §i8%accor dance,
wi th yet another variation of the invention, each of the chal cogenide
gl ass | aywyer.may conprise one or nore thinner layers of a chal cogenide
glass material, such as gernmani um sel eai de. Any suitable nunber of |ayers
may be used to conprise the chal cogenide glass |layers. [0055] In yet
anot her variation of the second enbodi nent of die

2. The memory clement 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 memeory element of claim 1 wherein said at least one metal

chalcogenide layer comprises a silver-chalcogenide.

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

chalcogenide layer comprises silver-selenide.

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

chalcogenide layer comprises silver-sulfide.

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



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 constructed according to die first enbodi nent of tgﬁ i&%@ tion,
particularly, those having a silver-sel enide |ayer dispose A t wo
chal cogcni dc gl ass | ayers, show unproved nenory retention and wite/erase
perfornang&_ﬁyer. %Eyentional qﬁ%0r¥kpevices. These devi ces have al so shown
| ow resistANCE” W?r?QW%H??% bett%&r 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
swi tch at about 100 nanoseconds. [0057] Although the enbodi nents descri bed
above refer to %he fBhameinory elohewrifylaimd weerristsaidod least ongonetahenor y

el enent 100, it nust be understood that the invention contenplates the
format i on @ilcapynideiniyer copiiprisos bilveesdlbiridace vari able 14 25 July 2006 nenory
el ements, which can be fabricated in a nenory array and operated with
menory el ement access circuits. t00581 FIG 10 illustrates a typical
processor-based system 400 which includes a nenory circuit 448, for

examl e & progr gmabl e, Gendneloh RAM MY Alhor BTN Sk ES ARG EaHAL | 2Dl e

menory denerits fabricated 1'n accordance wth the 1nvention. A processor

system such as a conputer syst ) eral | ogprises a. ce a
processin gg(iﬁsﬁiq?ye( @’ﬂ)’n}%ﬂe&ﬁ m@%ﬂﬂ%"‘%%ﬁ‘? E%Y%@%ggw?-f’ ot g‘? [olel?’g nal
processor, or other programmable digital |ogic devices, which conmunicates
with an input/output (1/0) device 446 over a bus 452. The nenory 448
comuni cates w th the system over bus 452 typically through a nmenory
controll er. [OO0B®] |The memorseementaictamput whersipssaisigt [¢dsbonsr deloogaridsy st em
may i ncl ude

glass layer stoichiometry is about GespSegp.

11.  The memory element of claim 4 wherein said at least one other glass

layer comprises a second chalcogenide glass layer.

12.  The memory clement 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.



peri pheral devices such as a floppy disk drive 454 and a conpact disc (CD)
ROM drive 456, which also communicate with CPU 444 over the bus 452.
Menory 448 is preferably constructed as an integrated circuit1~ %@ich
i ncl udes one or nore resistance variabig menory el enents #yduly 30 esired,
the nenory 448 may be conbined with the processor, for exanple CPU 444, in
a single integrated circuit. [0060] The above description and draw ngs are
only to be considered illustrative of exenplary enbodi ments wi nch achi eve
the features and advantages of the jnvention. Modjfication ﬁnd
substitutions tH-speth memerpelensnicdimm hykergimgaidat least onsedheglese nade

W t hout departing fromdie spirit and scope of the invention. Accordingly,
t he i nventliaper hias atickness betweeom shaiel 8¢ Azandizbongl 000t ed by t he for egoi ng
description and drawi ngs, but is only Iimted by the scope of the appended
claims. 15 25 July 2006 16 CLAIMS | . A resistance variable nmenory

el ement conprising: at |east one netal chal cogenide | ayer represented by

MC wherein Mis arfeiRhorfclbmert FliSO00RMEER Ghemiéat o) ARBNdlassand X i's
about 2; at |east one chal cogeni de gl ass |ayer; and at | east one other

gl ass Iayeﬁ mﬁ@&giﬂﬁ%ﬁksﬁpﬁkﬁfgﬁ?kde | ayer being provided between said at
| east one cKaIcogenl e glhass Tayer and said at |east one other gl ass

| ayer. 2. The nmenory el enent of claiml wherein said at |east one
chal cogeni de glass |ayer conprises a plurality of chal cogenide gl ass

| ayers. 3. The nennr¥ el ement of claim1 wherein said at | east one other
gl ass 18. he memory element of claim 1 wherein said at least one chalcogenide

glass layer has a thickness between about 100 A and about 1000 A.

19.  The memory element of claim 1 wherein said at least one chalcogenide

glass layer has a thickness of about 150 A.

20.  The memory element of claim 1 wherein said at least one metal
chalcogenide 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 1s between about 5:1 to about 1:1.

21. The memory element of claim 1 wherein said at least one metal
chalcogenide 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 1s between about 3.3:1 to about 2:1.

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

chalcogenide layer comprises a plurality of stacked metal chalcogenide layers.




| ayer conprises a plurality of glass layers. 4. The nmenory el enment of claim
| wherein said at | east one netal chal cogenide |ayer conprises a
silver-chal cogenide. 5. The nmenory el enent of claiml mhereln ah& | east
one netal chal cogeni de | ayer conprises allver-selenide. qﬁ

el ement of claim| wherein said at |east’one netal chalcogenlde Iayer
conprises silver-sulfide. 7. The nenory elenent of claim1l wherein said at

| east one metal 25 July 2006 17 chal cogeni de | ayer conprises silver-oxide.
8. The nmenory el ement of claim| wherein said at |east one nﬁtal
chal cogeni de” | agr c&hpmegwsy gemgatolickaim ; whereingsaidrgfdeasbans othel &awnt  of
claim4 wherein said at |east one chal cogenide glass |ayer conprises a
mat eri al hlayemyniphises grleast anGexSe] dulcoghwideighasxlager.t o 43.  10. The nenory
el ement of claim4 wherein said at | east one chal cogerride glass |ayer
stoichionetry is about Ge40Se60 11. The nmenory el enment of claim4 wherein
said at | east one other glass |ayer conprises a second chal cogeni de gl ass

layer. 12. The @Emrrh@hﬁ%we@&eﬁ & dRith %hﬁbﬁboﬁ?ﬂrﬁuﬁgaie‘éaﬁd nehg ot her

gl ass |ayer conprises an Se conp05|t|on . The nmenory el ement of claim
4 wherein east, on 43 | & r
conpost ¢ oiicpgigy a%%%o%mf B8P3 e 0“‘4% cGRIPSEMEN e one
ot her gl ass es a S co 0S t|
g and at%/ st one t alcogenl e glass yer in contact with said at lcast one second

metal chalcogenide layer.

25.  The memory clement of claim 1 wherein one or more of said at least

one chalcogenide glass layers contains a metal dopant.

26. The memory clement of claim 25 wherein said metal dopant comprises

silver,

27. The memory element of claim 1 wherein said at least one metal
chalcogenide layer has a first thickness and said at least one
other glass layer 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.

28.  The memory element of claim 1 wherein said at least one metal
chalcogenide layer has a first thickness and said at least one other 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.



15. The nmenory el enent of claim4 wherein said at | east one other glass

| ayer conprises a conbination of germanium silver, and selenium 25 July
2006 18 16. The nenory el enent of claiml wherein said at IlejgsE (%w ot her
gl ass layer has a thickness between atigut 100 A and about 2218892%00 17 The
menory el ement of claim1l wherein said“dt | east one other glass |ayer has
a thickness of SZbou 150, A. 18. . r11e mem)rg1 el em%nﬁgﬂof chai m | .&M}erei n said
at |east one ch Icoggﬁf"&@tmﬁf’é@éa srsmopselemept ot Ga  WREIEISA Hoout 100 A
and about iooo A 19. The nmenory elenent of claiml wherein said at |east
one chal clsgemnganetyichelsogenida laperdias atiirkneseequablo seaterthan athiggessryg
menory el ement of claiml| wherein said at | east one netal chal cogenide

| ayer hasofedch o$saitl i Ehstens chaldogaidd ghdss laas tndswed atHedst ogenthdeglgisass | ayer
has a second thickness whereby a thickness ratio of said first thickness to
sai d secopger.t hi ckness is between about 5:1 to about 1:1. 21. The nenory
el ement of claim| wherein said at | east one netal chal cogenide |ayer has
a first thickness and said at | east one chal cogenide gl ass |ayer has a
second thi ckness whereby a thickness ratio of said first thickness to said
second thickngss i s between about 3. 3. 0.a 2. 1. 22. The nenory

el emrent of cl al ﬁn 1 %hrgfléﬁaﬂces‘éqrﬁgl;etm?%%rsytejr%rb]%m ﬁe%ﬁ*m%ghal cogeni de | ayer

conprises a plurality of stacked metal chal cogenide |ayers, 25 July 2006
19 23. The rrerrBP?dﬁélsé#ﬁié}ﬁ’m@mépélﬂlﬁwalf%%é?séilwe 4 epmiget I‘%‘glﬁt 13825t her gl ass

silver-chalcogenide compound layer, said silver-chalcogenide compound 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 elecirode and a second electrode in respective contact with said first and

setond glass layers.

31.  The memory element of claim 30 wherein said at least one silver-

chalcogenide compound layer comprises silver-selenide.

32.  The memory element of claim 30 wherein said at least one silver-

chalcogenide compound layer compjrises silver-sulfide.

33. The memory element of claim 30 wherein said at least one silver-

chalcogenide compound layer compirises silver-oxide.

34, The memory element of claim 30 wherein said at least one silver-

chalcogenide compound layer comprises silver-telluride.



| ayer conprises at | east one second chal cogeni de gl ass |ayer. 24. The
menory el ement of claim23 further conprising a second netal chal cogenide
| ayer in contact with said at | east one second chalcogenidg%fkﬁfs | ayer

and at | east one third chal cogeni de gla | ayer in contact ko EH6q” at

| east one second netal chal cogeni de Ia?ir. 25. The nenory el enent of claim
| wherein one of_norg of said at |le . e chal co2eni de gl.ass, | ayers
contains a netat> ‘dopﬁlﬁ? meBgTy %ﬁ@eﬂte%ffﬁ%}mg{bew@?{?mosﬁl c‘ihﬁf‘j:ﬁg%gg?/\ﬁlgfsei n said
nmet al dopant conprises silver. 27. The nenory element of claiml| wherein
said at | eRdterighiasilq frmula{aeSsgenivdeTdiaystl 9«8 a first thi ckness and said
at | east one other glass |ayer 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. 28. The nmenory elenment of claiml wherein said at |east
one netal chal 3®@genThemlemivey clbmsntco ffoldisit 30 Wwhakingatl chaltogaiide glasd east one
ot her glass layer has a second thickness whereby a thickness ratio of said

first thickpesia 4QicRBhRuSesMh delsekness is between about 3.3:1 to about
2:1. 25 July 2006 20 29 The resistance variable nenory el enent of claim!]l

wherein said at |east one netal chal cogenide | ayer has a thickness equal
to or greater than a thickness of each of said at |east one chal cogeni de

gl ass layer and,6said_at |east one other g]ass | r..3Q. resi st ance
Variabl 6 memor yS bl erbht MEBRB FISRAR: 01{%?%@339, W%%F@a%ﬁawf gﬁﬁaaﬁ ®a first
glass layer in contact wth at |east one )

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 one of said first and

second glass layers comprises an SiSe composition.

41, The memory element of claim 30 wherein at least the other of said first

and second glass layers comprises an AsSe composition.

42.  The memory element of claim 30 wherein at least the other 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



si |l ver-chal cogeni de conmpound | ayer, said silver-chal cogeni de conpound | ayer
being in contact wwth a second gl ass | ayer, wherein at |east one of said
first and second glass layers is a forned of a chal cogeni de a ¢
material; and a first electrode and a sgsond el ectrode in r%%%@%?(WE
contact with said first and setond glasS layers. 31. The nenory el enent of

ontact wi th said first and setond glads layers. 31.
comr | ses. 1 FRmEdr e EG38iERE Rl on PLAENERBRN e PR G

at | east one silver- chal cogeni de conpound | ayer conpjrises silver-sulfide.
33. The nenory el enent of claim30 wherein said at | east one silver-

chal cogeni de conmpound | ayer conpirises silver-oxide. 34. The nmenory el ement
of clai m30 whe#bi n The themory elameniorfeclaiim 3fewhereinapisogeai-duleagspdand | ayer
conprises silver-telluride. 25 July 2006 21 35. The nmenory el enent of

cl ai m 30 whensiund 3aicd hahaficso geckindes, gdidsscondwtas laykr ss debend thickubsa,

Ge, Sel 0oo-,, wherein x=20 to 43. 36. The nenory el enent of claim 30 wherein

sai d chal cageiihtd&nedsaato o MBkefitsd thiSinRbciispiaRkEdnd tRicRhau s badeSRbut 37. The
menory el ement of claim30 wherein both said first glass |layer and said

second gla§§t$§%ﬁg conprise a chal cogenide glass material. 38. The nmenory
el enent of "claim d'mherein at | east one of said first and second gl ass

| ayers contains a netal dopant. 39. The nenory el enent of claim 30 wherein
said netal dopant conprises silver.

45, The memory element of claim 30 wherein said silver-chalcogenide
compound 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.

46.  The memory element of claim 30 wherein said silver-chalcogenide
compound 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 compound layer has a thickness greater than or equal to the thickness of

each of said first and second glass layers.

48, A memory element comprising:
a first electrode;
a first glass layer comprising Ge,Sego.x, Wherein x=20 to 43, said first glass

layer being in contact with said first electrode;



40. The nenory el ement of claim30 wherein at | east one of said first and
second gl ass | ayers conprises an Si Se conposition. 41. The nenory el enent
of claim30 wherein at |east the other of said first and ifﬁﬂng @%ass
| ayers conprises an AsSe conposition. é . The nenory el ene Y 200%i m 30

wherein at |east the other of said fir and second gl ass | ayers conpri ses

GeS itign, 43.. Th : l. f..cl ai i n..
anot her o sai 8 s8R O0RE 558Ny Sl My MRS Pl o

conbi nati on of germanjum silver, and selenium__44. The _nenory el enent of
clai m 30 & éhﬁccs%énuieéamé?mwaieé&gé‘ﬂifaew es U a m%@e %8s a first

t hi ckness, said second gl ass |ayer has a second thickness, and a thickness
rati o of shalepgenidscherhicekelementt endsaisdibeuichndeedidalrsdayer & ety arithabout
5:1 to about 1: 1. 45. The nmenory el enment of claim 30 wherein said

si | ver - chadid Gige nicdd cheloopmididalaysid Hssond tlectsddetihicoktnetsgith sad dec®ed ond

gl ass |l ayer has a second thickness, and a thickness ratio of said first

t hi cknessgtagy ggéd second thickness is between about 33: 1 to about 2: 1
46. The nenory el ement of claim 30 wherein said silver-chal cogenide
conpound | ayer has a first thickness and said first glass |ayer has a
second thickness and a thickness ratio of said first thickness to said

second t hi ckne i s, between out L to about 1:1. 47 . The menory el enent
of claim30 mhé?einTBSFEngFY9 anWgﬂﬁgb%%WEQBHHﬂﬁéﬁﬂﬁhﬂ%yer has a

t hi ckness greater than or equal to the thickness of each of said first and
second gl ass | ayers.

50.  The memory element of claim 48 wherein said first metal

chalcogenide layer comprises a silver-chalcogenide.

51. The memory element of claim 48 wherein said first metal

chalcogenide layer comprises silver-selenide.

52. The memory element of claim 48 wherein said first metal

chalcogenide layer comprises silver-sulfide.

53. The memory element of claim 48 wherein said first metal

chalcogenide layer comprises silver-oxide.

54, The memory element of claim 48 wherein said first metal

chalcogenide layer comprises silver-telluride.

55. The memory element of claim 51 wherein said second glass

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



48. A nenory el ement conpri sing: first electrode; first glass |ayer
conpri sing Ge~Sej oo-~, wherein x=20 to 43, said first glass layer being in
contact with said first electrode; 25 July 2006 23 a firsE gqtab

chal cogeni de | ayer in contact with sai§4first gl ass | ayer, 2334 2PP¢ st

met al chal cogeni de | ayer represented by M-C , wherein Mis a netal, Cis a

hal id hem cal . el 1, d [ , I I '
Cont act it SRR e SR m R BrRiC o ne S TRR0AE RS CPYUCH ot

in contact wwth said second glass layer. 49. The nenory el enent of claim
48 wherein x is about 40. 50. The nenory el enent of claim48 wherein said
first metal chal cogenide |ayer conprises a silver-chal cogenide. 51. The
nmenory el ement 56f cl ai m 4Be wesrasy glesmwntiof ¢laist Shhetein withseconealage | ayer
conprises silver-selenide. 52. The nenory el enent of claim48 wherein said
first metddyer edimprivegemnSii: dompesitioanpri ses silver-sul fide. 53. The nmenory
el ement of claim48 wherein said first nmetal chal cogenide |ayer conprises
silver-oxide. 54. The nmenory el enent of claim48 wherein said first netal
chal cogeni de | ayer conprises silver-telluride. 55. The nmenory el enent of

Cobant ol £otstan of ARl s Sienl A Bf ifl 55 AcRufid wRoRR oA rol | aver

to control diffusion of conpone rom sal

layer comprises an AsSe composition.

58. The memory element of claim 55 wherein said second glass

layer comprises a GeS composition.

59. The memory element of claim 55 wherein said second glass

layer comprises a combination of germanium, silver, and selenium.

60. The memory element of claim 48 wherein said first metal
chalcogenide layer comprises a plurality of metal chalcogenide layers in serial contact

with each other;.

61. The memory element of claim 48 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.

62. The memory element of claim 48 wherein at least one of said

first and second glass layers contains a metal dopant.



24 second el ectrode through said nmetal chal cogenide |ayer and said first
glass layer. 56. The nenory el enent of claim55 wherein said second gl ass

| ayer conprises an Si Se conposition. 57. The nenory el enent_of cl aim55
wherein said second glass |ayer conprl%es an AsSe conp05|?§8HY2§@§ The
menory el ement of claim55 wherein sai #second gl ass |ayer conprises a GeS

conposition The ne y elenent of  c erein sa second gl ass
| ayer conprlsez3a conblEﬁ%?&ﬁngy§EWHﬁﬁPhﬁ?négfvggenhﬁﬂpE@E@H P 60. The
menory el ement of claim48 wherein said first netal chal cogenide | ayer
conprlsescgnpmﬁﬁéﬂV@y of netal chal cogenide layers in serial contact wth
each other;. 61. The nenory el enent of claim48 wherein at |east one of

said first gl ass layer and said second glass |ayer conprises a plurality
of glass layers in serial contact with each other. 62. The nenory el enent

of claim48 whegaein at | eagtaldpenidé ghsd flackd dongirisaipd second gl ass | ayers
contains a netal dopant. 25 July 20%6 25 63. The nenory el enent of claim

62 wherein sai QCHBEQ%%IWEES la ?rgﬂdc?l%ﬁm éﬂléf@élas é verdefilpAlonfigartds: 9l ass

stack conpri sing cogeni-de g ass yer sal chalcogenlde gl ass | ayer

bei ng confm%ﬂﬁggmggmce%%£k§§taw$%§lstance menory behavi or;

at least one metal chalcogenide layer represented by M,C, wherein M is a
metal, C is a chalcogenide chemical element, and x is about 2, said metal
chalcogenide layer being in contact with said chalcogenide glass layer; and

a diffusion control layer in contact with said metal chalcogenide layer for

controlling diffusion of elements into said chalcogenide glass layer.

65. The chalcogenide glass stack of claim 64 wherein said

diffusion control layer is a second glass layer.

66. The chalcogenide glass staick of claim 64 further comprising a
metal containing ¢lectrode in contact with said diffusion control layer and wherein
said diffusion control layer slows migration of a metal from said electrode into said

chalcogenide glass layer.

67. The chalcogenide glass stack of claim 64 wherein said at least

one metal chalcogenide layer comprises a silver-chalcogenide.

68. The chalcogenide glass stack of ¢laim 64 wherein said at least

one metal chalcogenide layer comprises silver-selenide.



at | east one netal chal cogenide | ayer represented by MC, wherein Mis a
netal, Cis a chal cogenide chem cal elenent, and x is about 2, said netal
chal cogeni de | ayer being in contact with said chal cogeni de bﬁfs(i%yer; and
a diffusion control |ayer in contact mﬁgg sai d net al chalc&% 56%(1ayer for
controlling diffusion of elenents into id chal cogeni de gl ass | ayer. 65.
The chal cogeni de gl ass stack of claim64 wherein said diffusion control

| ayer is a second glass |ayer. 66. The chal cogeni de gl ass staick of claim

64 further conprjising a tal cont.ainjng electrode in contact with said
di ffusion contr®l |ayer a .lé:rog?rﬁge g‘&?%st%ﬁkfcffl? “6‘n64c‘6]ﬁ?rF”6‘lsa1daa§in‘?astsl ows
mgration of a nmetal fromsaid electrode into said chal cogenide gl ass

| ayer. 67.omehectelthplsogendalaye costrisengilvenpuléidai m 64 wherein said at | east
one netal chal cogenide | ayer conprises a silver-chal cogeni de. 68. The
chal cogeni de gl ass stack of claim64 wherein said at | east one netal

chal cogeni de | ayer conprises silver-selenide. 25 July 2006 26 69. The

chal cogeni de glapgs stack Phe HafloBbfide YRS Ridk FRIHAMA4 WRAEH sal@ 16t al
chal cogeride | ayer conprises silver-sulfide. 70. The chal cogeni de gl ass

stack of Qh%5E&§4*ﬁﬁgé&h@aﬁ?%ﬁgﬁﬁﬁﬁﬁ?ﬁﬁ@bggﬁﬂneta' chal cogeni de | ayer

conprises silver-oxi cogeni de gl ass stack of claim64
wherein said at | east one netal chal cogenide | ayer conprises
silver-telluride. 72. The chal cogeni de gl ass stack of claim64 wherein at

| east one or both of said chal cogenide gl ass |ayer and said, diffusion
control |ayer cOntains a Thechalcogenide glass'stack of claim 64 wherein said at lcast

one metal chalcogenide layer comprises silver-telluride.

72. The chalcogenide glass stack of claim 64 wherein at least one
or both of said chalcogenide glass layer and said diffusion control layer contains a

metal dopant.

73. The chalcogenide glass stack of claim 72 wherein said metal

dopant comprises silver.

74. A memory element comprising: 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;




nmetal dopant. 73. The chal cogeni de gl ass stack of claim 72 wherein said
netal dopant conprises silver. 74. A nenory elenent conprising: a first

el ectrode; at |east one first chal cogenide glass layer in contact with said
first electrode; at |east one first ne?zl cont ai ni ng Iayerzﬁkﬂ%%thct W th
said at |east one first chal cogenide gfass |ayer; at |east one second

chal cogeni de gl ass | ayer.i.n. cont ac ith said at | east on first netal
contai ni ng | ayeart;ﬁeaé{ O'%I%tégfl 05%80%68@%%%%?3’%1 Qﬂ#a&t H’%ﬁ&aﬁa&‘?ﬂﬁ MW ont act
with said at | east one second chal cogenide glass |ayer; 25 July 2006 27
at | east ofeondine@! enudieingdaicacangl ass | ayer in contact with said at |east
one second netal containing |layer; and a second el ectrode in contact with
said at |east oneecoid eldctodizl iocgetactdeitiysaad st leshpee thirixhalthgenidnglass el emrent
of claim 74 wherein said netal containing |ayers conprise one or nore
silver-seljgprde | ayers. 76, The menory el ement of claim 74 wherein one or
nore of said chal cogenide glass |ayers conprise a plurality of

chal cogeni de gl ass |l ayers. 77. The nenory el enent of claim 74 wherein one
or nore of said netal containing |ayers conprises a plurality of netal
containing |ay . 78. The, menor | ement. of al.m 7. L1 one or nore
of said chal cgi eni de gl a@%e ]ingﬁjngé’s&ggﬁ?tﬁfﬁgal%lcﬂ#evf/%ﬁmgg%@ﬁfl&w

containing layers comprise one or more silver-selenide layers.

76. The memory clement of claim 74 wherein one or more of said

chalcogenide glass layers comprise a plurality of chalcogenide glass layers.

77. The memory element of claim 74 wherein one or more of said

metal containing layers comprises a plurality of metal containing layers.

78. The memory element of claim 74 wherein one or more of said

chalcogenide glass layers contains a metal dopant.

79. The memory element of claim 78 wherein said metal dopant

comprises silver.

80. A method of forming a resistance variable memory element
comprising the steps of:

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

forming a first metal containing layer in contact with said first chalcogenide



79. The nenory el enent of claim 78 wherein said nmetal dopant conprises
silver. 80. A nethod of form ng a resistance variable nenory el enent
conprising the steps of: formng a first el ectrode; forning Séfiréé

chal cogeni de gl ass layer in contact w.Jjh said first elect by 2P mng a
first metal containing layer in contact™with said first chal cogeni de 25
July 2006 128 %Iass | ayer; and form ng a second chal cogerlide glass | ayer
in contacBaW 1AM first netal containing layer; formng a second neta
containing layer in contact with said first chal cogenide | ass. | ayer;
forming a thirdoEHAE 8 seronA ghalgpasside slyss jasien incenptagt ithispid % Hebcond et al
containing layer; and form ng a second electrode in contact with said third
chal cogencasagingsleyérayer. 81. The nethod of clai m 80 wherein said

chal cogeni de gl ass | ayers conprise a material having the formul a Ge. S100,
wherein x i s bémEenaaaoul naltcontadlimgilaydiSin c8Rtactiagth waitl ot chilcogemida 81
wherei n said chal cogenide gl ass | ayers have a stoichionetry of about
Ge40sC60 gﬁmsﬁgggnethod of claim80 wherein said chal cogeni de gl ass | ayers
conpri se plufality of chal cogenide glass |ayers. 84. The method of claim

80 wherein sai ?()r%;lgla ﬂ%Pc{jéh%'lc%'gQﬁdé 9%E&{ Byer in contact with said second metal

containing layer; and

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

81. The method of claim 80 wherein said chalcogenide glass layers
comprise a material having the formula Ge,S1g0.x, wherein x is between about 20 to

about 43.

82. The method of claim 81 wherein said chalcogenide glass layers

have a stoichiometry of about GespSeg.

83. The method of claim 80 wherein said chalcogenide glass layers

comprise a plurality of chalcogenide glass layers.

84. The method of claim 80 wherein said metal containing layers

comprise a plurality of metal containing layers.

85. The method of ¢claim 80 wherein one or more of said

chalcogenide glass layers contain a metal dopant.



conprise a plurality of netal containing |layers. 85. The nethod of claim 80
wherein one or nore of said chal cogenide glass |ayers contain a netal
dopant. 25 July 2006 29 86. The nethod of claim80 wherein one or nore of

said netal containing |layers conprises. silver-sel enide. 825 Jui&0R@t hod of

cl aim 86 wherein said netal dopant COIT’[%gl ses silver. 88. The nethod of

cl aim 80 wherei,n said nmetal containin rs. have a thi.ckness which is
equal to or grégter thanﬁﬁ@?ﬂ‘?@%ﬂé@% %f%E%fEW%‘F%&?%BO Ff O5ni de gl ass
| ayers. 89. The nethod of claim80 wherein each of said netal containing
| ayer s hasoHaminssleyerpcempeacs sirer-sl@kleof sai d chal cogoni de gl ass | ayers 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. 91. The nethod
of claim89 further wherein said thickness ratio of said first thickness

to sai d secondgthi ckness Ths nehyesitlahosd wlerdinlsaldmatapddpadt cdmpi@es A net hod
of formng a resistance variable nenory elenent conprising: formng a

first glagﬁv+ayer; formng a silver-selenide layer in contact with said
first glass layer; and formng a second glass layer in contact with said
silver-selenide |ayer, whereby one of said first and second gl ass | ayers
is formed of a chal cogenide glass materi al

88. The method of claim 80 wherein said metal containing layers
have a thickness which is equal to or greater than the thickness of each of said

chalcogenide glass layers.

89. The method of claim 80 wherein each of said metal containing
layers has a first thickness and each of said chalcogonide 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.

91. The method of claim 89 further wherein said thickness ratio of

said first thickness to said second thickness is between about 3.3:1 to about 2:1.

92. 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

forming a second glass layer in contact with said silver-selenide layer,
whereby one of said first and second glass layers is formed of a chalcogenide glass

material.



25 July 2006 30 92. The nethod of claim 91 wherein said chal cogeni de gl ass
material has a stoichiornetric conposition of about Ge40Se60. 93. The

nmet hod of claim91 wherein at | east one of said glass |ayers contains a
netal dopant. 94. The nethod of clain19§ wherein sai d net al23d8pait
conprises silver. 95. The nethod of cl 9n191 wherein both of said first
and second glass |layers conprises a chal cogenide glass material. 96. The
met hod of claim95 further conprising the step of formng alternating

| ayers of said chal cogenide glass material and said ﬁilver-s?lenide | ayer.
97. The nethod % cl ai m ohhaiRethes AT gainy o | xhercis sidehplenscadeglashal cogeni de
glass material further contains a netal dopant. 98. The nethod of claim 97
wher ei n sanhaemalthab a dopchiemetvngeinpesitisn plahout GegSesthe net hod of clai m 91
wherein another of said first and second glass |ayers controls diffusion
of a nmetal ion froman electrode through said nenory elenent. 25 July 2006
31 100. The nethod of claim99 wherein said other glass |ayer conprises an

Si Se conpositiap. 101. TheydREREdoPEiafh 81 WHARiVREER: Bndaf shidkley gl ass
| ayer conprises an AsSe conposition. 102. The nethod of clarm 99 wherein

sai d ot hen, gl 55 hifY § et WpARES 2

94, The method of claim 93 wherein said metal dopant comprises

silver.

as. The method of claim 91 wherein both of said first and second

glass layers comprises a chalcogenide glass material.

96. The method of claim 95 further comprising the step of forming

alternating layers of said chalcogenide glass matenial and said silver-selenide layer.

97.  The method of claim 91 wherein said layer formed of said

chalcogenide glass material further contains a metal dopant.
98. The method of claim 97 wherein said metal dopant comprises silver.
99. The method of claim 91 wherein another of said first and second glass

layers controls diffusion of a metal ion from an electrode through said memory

clement.



GeS conposition. 103. The nmethod of claim99 wherein said other glass |ayer
conprises a conbination of germanium silver, and selenium 104. The

met hod of claim 91 wherein said silver-selenide |ayer has a tpifoz)gess
which i's equal to or greater than a thigkness of each of sardu and
second glass layers. 105. The nmethod of " claim91 wherein said netal

containing |ayer..conarise a,.plurali of silyer-selenide |ayers in serial
contact with eacl’ ot f?““@ﬁ%f’f&m&?g%é%‘ﬁ?ﬂﬂ %@8%‘65 P CICORS Wy a
processor; and a nenory circuit connected to said processor, said nmenory
circuit indPeiBPHBOsIONesi st ance variabl e nenory el ement conprising at | east
one netal chal cogenide conpound |ayer, at |east one chal cogeni de gl ass

| ayer, at |east one other glass layer, said netal chal cogeni de conpound

| ayer being provided between said at |east one 25 July 2006 32

chal cogeni de gliads |Hyehetodoséelaiin 89 wheasd saidethet plass lglasenipaigey an 107. The
system of claim 106 wherein said chal cogeni de gl ass | ayer conprises a

mat eri al h@%kQﬂn&B%ﬁBﬁT”U|a CGe, Sel () O wherein x=20 to 43. 108. The system
of claim 106 wherein said chal cogenide glass |ayer stoichionmetry is about
Ge40Se60 109. The system of claim 106 wherein at | east one of said glass

| ayers contains a netal dopant. 110. The system of claim 109 wherein said

rotal dopant copri ge NG ik bo WSS URA SePLiall AT AR e o 1 sai ¢

GeS composition.

103. The method of claim 99 wherein said other glass layer comprises a

combination of germanium, silver, and selenium.

104, The methed of ¢claim 91 wherein said silver-selenide layer has a
thickness which is equal to or greater than a thickness of each of said first and second

glass layers.

105. The method of claim 91 wherein said metal containing layer comprises

a plurality of silver-selenide layers in serial contact with each other.

106. 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 chalcogenide
compound layer, at least one chalcogenide glass layer, at least one other glass layer,

said metal chalcogenide compound layer being provided between said at least one



second chal cogeni de gl ass layer. 112. The systemof claiml | | further
conprising a second netal chal cogenide |ayer in contact wth said at | east
one second chal cogeni de gl ass | ayer and at | east one third cgﬁlci eni de
glass layer in contact with said at Ieggt one second met alZcHEy @ﬁ%nide

| ayer. 113. The system of claim 111 wherein said chal cogeni de gl ass | ayer
conpri ses lurality of stagke: al cogeni de, gl ass | ayers. 114. The system
of ol ai m 1ChaleEGHgs glass @ﬁ?r&“ﬁéﬁﬁla?lg%tl@gd’gl}ﬁr&a% & 25 July 2006 33
conprises a plurality of stacked netal chal cogenide |ayers. 115. The system
of claim 112 wherein at |east one of said chalcogerride glass |ayers
conprises a netal dopant. 116. The system of claim 106 wherein said netal
chal cogeni de colfpounthe $yateer otdaipr | Geehgrinseid dalosgenide playelayer1 17. The
system of claim 116 wherein said other glass |ayer conprises an Si Se
conposi ti ofbmpkik8s a flatery Biveng tie foimanlnGk]1Se Whewheminsad2d toBer gl ass | ayer
conprises an AsSe conposition. 119. The system of claim 106 wherein said

ot her glass |ayer conprises a GeS conposition. 120. The system of claim
106 wherein said other glass |ayer conprises a conbination of gernmanium

silver, and selepu 121, The . sVs f _clai d ot her gl ass
| ayer is a diff sronniqhec%"rﬂe%?feﬁlgléle; ‘ggerg%os\?\}dr?gh]a%%é%?% gfﬁig So]%l%ir netal ion

from an eleciﬁpde cQon ect%F
stoichiometry 1s about GesgSes.

109. The system of claim 106 wherein at least one of said glass layers

contains a metal dopant.
110. The system of claim 109 wherein said metal dopant comprises silver.

111.  The system of claim 106 wherein said other glass layer comprises a

second chalcogenide glass layer.

112, The system of claim 111 further comprising a second metal
chalcogenide 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 chalcogenide layer.

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

comprises a plurality of stacked chalcogenide glass layers.

114, The system of claim 111 wherein said metal chalcogenide layer



thereto. 122. A processor-based system conprising: 25 July 2006 34 a
processor; a nenory circuit connected to said processor, said nenory
circuit including a first electrode; at |east one first chal cogeni de gl ass
layer in contact with said first electrgde; at |east one ??J@W%ﬁﬁﬁal

contai ning |ayer in contact mﬁth sai d | east one first chal cogenide

gl ass |l ayer; st ..one. se ﬁ$a$ 0 dg ass layer in contact with
said at Iéﬁ@?“ﬁﬁé”ﬁFFﬂ%XoﬁﬁﬁcF & %F%ﬁ j@%ﬂ ‘at | east one second neta
containing layer in contact with said at | east one second chal cogeni de

gl ass layer; at |east one third chal cogenide glass layer in contact with
said at | east one second netal containing |ayer; and a second electrode in
contact with sdild. atTHeszstemardelaimilld vdieadicepenitdocglfsmd | ayer. 123. The
system of claim 122 wherein said netal containing |layers conprise one or

mor e si | vehals@dniedgads Scondptfbes 4 aRtAYiSp& of claim 122 wherein one or
nore of said chal cogenide glass |ayers conprise a plurality of

chal cogeni de gl ass | ayers. 125. The system of claim 122 wherein one or nore
of said netal containing Iayers conprises a plurality of netal containing

layers. 126. Tq?ﬁsysllhe sys em of% mmjl%% \am?elg i d Bk %al@é&ﬁ@g ccﬁt%o%nd

chal cogeni de

layer comprised silver-selenide layer.

117.  The system of claim 116 wherein said other glass layer comprises an

SiSe composition.

118. The system of claim 116 wherein said other glass layer comprises an

AsSe composition.

119. The system of claim 106 wherein said other glass layer comprises a

(GeS composition.

120.  The system of claim 106 wherein said other glass layer comprises a

combination of germanium, silver, and selenium.
121. The system of claim 106 wherein said other glass layer is a diffusion
control layer for slowing migration of a metal ion from an electrode connected

thereto.

122. A processor-based system, comprising:



25 July 2006 35 glass layers contains a netal dopant. 127. The system of
claim 126 wherein said netal dopant conprises silver. 128. A nenory

el enent conprising: a first electrode; a second el ectrode; and a(PIuraIity
of chal cogeni de glass layers and a plurality of netal cont &5Auh2®¥ayer s
between said first and second el ectrodes; whereby said plurality of

chal cogenide glass | ayers alternate with said metal containing |ayers, with
one of said cHal@EG&Nr de gl ass layers in contact with said first el ectrode
and anot her of said chal cogenide glass |layers in contact with said second
el ectrode. 129.2 MAROREFEAN cOnBersst osRiddIracassoreridwerernelsaiidinpndingla ty of
nmetal containing |ayers conprises one or nore silver-selenide |ayers. 130.
The menor yfirel detredepf cl ai m 128 wherein one or nore of said plurality of
chal cogeni de gl ass | ayers conprises a plurality of chal cogenide gl ass

layers. 131. The l&men@icyfirel @iiRdbelle lagd 1BvérdB cofrectalith Qi figst eldotredef sai d
plurality of netal containing [ayers conprises a plurality of netal

cont ai ni ng Iayea[ﬁealst &{%Zﬁrfg{rlgﬁtg Edt {i¥in 1SR H cdttact WithBaik2d |MRE5RI frsOne or

nore of said plurality o geni de gl ass layers contains a netal

dopant. 25.July 200 6. 133. The nmenory el enent of claim 132 wherein said
Hpotidy Resdtu ver

nmet al dopa

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.

123, The system of claim 122 wherein said metal containing layers

comprise one or more¢ silver-selenide layers.

124. The system of claim 122 wherein one or more of said chalcogenide

glass layers comprise a plurality of chalcogenide glass layers.

125. The system of claim 122 wherein one or more of said metal containing

layers comprises a plurality of metal containing layers.

126.  The system of claim 122 wherein one or more of said chalcogenide



134. 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 |layers and a plurality of metta}{ tai ning
| ayers between said first and second e{‘ ctrodes, whereby <4’ yp%%@ ality of
chal cogeni de glass layers alternate w said netal containing |ayers,
with one o s?id chal cogeni d | ass layers in contact with said first

el ect r ode &Y BB IBNT2 W54 d‘gﬂ?ﬁ ‘cogeni de glass layers in contact wth
said second el ectrode. 135. The nethod of claim 134 wherein said plurality
of netal containing |ayers conprises one or nore silver-selenide |ayers.
136. The nethod of claim 134 wherein one or nore of said plurality of

chal cogeni de glldds |TEheaystewmorfpliivel6avipireinahidtngetalf dophal wworpeisetislvgh-ass

| ayers. 137. The nmethod of claim 134 wherein one or nore of said plurality
of netal containing |ayers conprises a plurality of metal containing

| ayers. 138. The nethod of claim 134 wherein one or nore of said plurality

of chal cogeni deggl ag$dn@W§ERnEAN @ik Mt al dopant. 139. The nethod of
cl aim 138 wherein sai 3‘ metal dopant ISc}?)srlrlp?;gri ses silver.

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.

129.  The memory element of claim 128 wherein said plurality of metal

containing layers comprises one or more silver-selenide layers.

130. The memory element of claim 128 wherein one or more of said
plurality of chalcogenide glass layers comprises a plurality of chalcogenide glass

layers.

131. The memory element of claim 128 wherein one or more of said

plurality of metal containing layers comprises a plurality of metal containing layers.

132.  The memory element of claim 128 wherein one or more of said

plurality of chalcogenide glass layers contains a metal dopant.
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133. The memory element of claim 132 wherein said metal dopant

comprises silver.

134. A method of forming a resistance variable memory element
comprising: forming a first electrode; forming a second electrode; and forming 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.

135. The method of claim 134 wherein said plurality of metal containing

layers comprises one or more silver-sclenide layers.

136. The method of claim 134 wherein one or more of said plurality of

chalcogenide glass layers comprises a plurality of chalcogemde glass layers.

137.  The method of claim 134 wherein one or more of said plurality of

metal containing layers comprises a plurality of metal containing layers.

138. The method of claim 134 wherein one or more of said plurality of

chalcogenide glass layers contains a metal dopant.

139. The method of ¢laim 138 wherein said metal dopant comprises silver.



