RESI STANCE VARI ABLE MEMORY DEVI CE AND METHOD OF
FABRI CATI ON FI ELD OF THE | NVENTI ON [ 0001] The

wo moentdsen relates to the field of random acceBSI/URUDF/§24899
(RAM devices formed using a resistance variable
mat eri al . BACKGROUND [ 0002] Resi stance vari abl e nenory
el ements, which include Programuabl e Conducti ve Random
Access Menory (PCRAM el enments, have been investigated
for suitability as sem -volatile and non-volatile
random access nenory devices. A typical PCRAM device
is disclosed in U S. Patent No. 6,348,365 to More and

G lton. {{]Q:ggﬁ,]Al n_a t“{]glir cal PCRAM devi ce, a conductive
mat eri al X NCE VARIABLE MEMOBY BESIGEAND

chal cogeni de gl a e resistance of the chal cogenide
gl ass can be proﬁ%ﬁ%tﬁ?%lglﬂﬂgﬂﬁ resi st ance
and | ower resistance states. An unprogranmed PCRAM
device is normally in a higher resistance state. A
wite operation prograns the PCRAM device to a | owner

resi stance state by applying a voltage potenti al

across the chal c®/IEDDIOFIFHEINVENTIONIY a conductive
pat hway. The PCRAM devi ce may then be read by applying

[0801)ol t ageTmirsentibnaeclaessterthatighi btk donR A cde8sIHenssy! O
programit; '

(RAM) devices formed using a resistance variable material.

BACKGROUND

[0002] Resistance variable memory elements, which include
Programmable Conductive Random Accéss Memory (PCRAM) elements,
have been investigated for suitability as semi-volatile and non-volatile
random access memory devices. A typical PCRAM device is disclosed in U.S.

Patent No. 6,348,365 to Moore and Gilton.

[0003] In a typical PCRAM device, a conductive material, such as
silver, is incorporated into a chalcogenide glass. The resistance of fhe
chalcogenide glass can be programmed to stable higher resistance and lower
resistance states. An unprogrammed PCRAM device is normally in a higher
resistancé state. A write operation programs the PCRAM device to a lower

resistance state by applying a voltage potential across the chalcogenide glass



the resistance across the nenory device is then sensed
as higher or lower to define the ON and OFF st ates.

wQ 2084198dHhe progranmed | ower resistance state BET/ES2005/024899
PCRAM devi ce can remain intact for an indefinite
period, typically ranging fromhours to weeks, after
the voltage potentials are renoved; however, sone
refreshing nmay be useful. The PCRAM devi ce can be

returned to its higher resistance state by applying a
aP&&%?EE‘%FQF&%‘@fH& Way- Ei\e dBRAM devisa mayothearbestead by
magni tude as used to wite the device to the | ower

Pt nchag e e bl RN A

IS 'maintained in a sem -
t he voltage potential is renoved. In this way, such a

thespsistancgacrass the Bremerydepied istthen sesedtaariighersomloyver to
having at |east two resistance states, which can

dsehd A ONPadE ' logic states, i.e., at least a
bit of dat%. ﬁ't\é%ne exenpl ary PCRAM devi ce uses a
germani um sel enide (i.e., GexSei 00-x) chal cogeni de

[08| ass as a backbone. The germani um sel eni de gl ass has,

B4k he prThe pregranmimedipvertesistazice state pAg PGRANS HbVies can
sel eni de (Ag2+/-cSe). [0006] Previous work by the

- ] .di . to.P M devi ces
repRHE TR RESeARABARUL PEURE, DRIl En R PR hows tg weeks
| ayer of silverselenide or silver sulfide in

aftesithe veltage potertials aelremovedt kdwe e sodedefteshing may be
chal cogeni de gl ass layer. Al though the

usthdlY Frie PR ERY %@{n%g AR %rrlegllrrsleg fto }tg T‘ligher resistance state by

applying a reverse voltage potential of about the same order of magnitude as

used to write the device to the lower resistance state. Again, the higher

resistance state is maintained in a semi- or non-volatile manner once the

voltage potential is removed. In this way, such a device can function as a

variable resistance memory having at least two resistance states, which can

define two respective logic states, i.e., at least a bit of data.

[0005] One exemplary PCRAM device uses a germanium selenide (i.e.,
GexSeio) chalcogenide glass as a backbone. The germanium selenide glass

has, in the prior art, incorporated silver (Ag) and silver selenide (Aga+-Se).

[0006] Previous work by the inventor has been directed to PCRAM

devices incorporating a silver-chalcogenide material, as a layer of silver



prior art nmenory devices are suitable for assisting in
the formati on of a conductive channel through the
wa@ baboogeni de gl ass [ayer for silver ions to nPOEUSINS)24899
ot her non-sil ver-based chal cogeni de naterials may be
desi rabl e because of certain di sadvantages associ at ed
with silver use. For exanple, use of silver-containing
compounds/ al | oys such as AgSe may |ead to
aggloneratlon robl ems in the PCRAM devi ce | ayering
selgfideprcsikyies égﬁmedwamnw v@‘éi @alﬂm"tmmad hastearacid a
hi gher processing tenperatures, approachi ng 260C

c@g%gérqas )glas-g n&&ggllfﬂzﬁg}\%@%ﬂvsﬁ Qheg@&gémhe ARRLA A Yot e

tin-chal cogenides are less toxic than the
psior aer mehairy alpeided ase sUiGd forRssiBtng lin ias fdreeation of a
conducted into the use of thin filnms of SnSe (tin

R chafef Brbien B AREENALERD: % BTl eRia o

found that a 580 A SnSe fil mshows non-vol atile

mewetin b, ngh&retove sitv er-Hiisedl ehalicegérsitiamegtesibRifiay be desirable
(nmeasur abl e |n Mohm) and a | ower resi st ance state

measur.abl e k when poqte V are
b GANSE Of ceRy 1 cﬁxéa‘.‘%?.gegrgs§ %?Fead’t’a‘ |S%1Vef(‘éseg ‘orgxample, use
dendri te) Al so, the addition of Sn to a GecSei 00- X

offbiBas-conbdifithgd GomMp&MadH AN ARhHs38S:.5¢ sy 8810 ound
to produce rregrmry switching if a high endugh ©

potentl al , >40 V., is a i,edacraoss the
SHIMEs AR 9@0@%@@ %REMMD&EW laypringiang Agrchalcpgenide-
are too
based devices cannot withstand higher processing temperatures, e.g.,
approaching 260°C and higher. Tin (Sn) has a reduced thermal mobility in

GesSewox compared to silver and the tin-chalcogenides are less toxic than the

silver-chalcogenides.

[0007] Research has been conducted into the use of thin films of SnSe
(tin selenide) as switching devices under the application of a voltage potential
across the film. It has been found that a 580 A SnSe film shows non-volatile
switching betwéen a higher resistance state (measurable in MOhm) and a
lower resistance state (measurable in kOhm) when potentials of 5-15 V are
applied by forming an Sn-rich material (e.g., a dendrite). Also, the addition of
Sn to a Ge:Sewnx glass, which is a chalcogenide glass, has been found to

produce memory switching if a high enough potential, e.g., >40 V, is applied



high for a viable nenory device. SUMVARY [0008] The
i nvention provides a resistance variable nenory device
wanealgset hod of form ng a resistance vari abl ePaETB095/024899

device. [0009] In one exenplary enbodi nent, the

i nvention provides a nenory device having a stack with

at | east one |ayer of tin-chalcogenide (e.g., Sm LxSe,
where x is between about 1 and 0) proxinmate a first

chal cogeni de gl ass | ayer. The stack of |ayers
agrenp thesthadcogenides glass Alevsaar guclyswitshing poteatiglsare too
tin-chal cogeni de | ayer is forned between two
hgggég%RhmﬁehﬂgﬁﬁﬁyHEVEL?CtdeeS- In ot her exenplary

odinents of the invention, simlar nmenory device

stacks may contain nore than one chal cogeni de gl ass

| ayer and an optional netal |ayer. The invention

provi des structures for PCRAM devices with inproved
tenperature tol erance and net hods for form ng such

devi ces. [0010] The abo9&¥MMABYher features and
(ﬁggﬁ?tage of the invention wi|l be better understood
[ t he 1BEINEHPNJEOxIdes eaiskanicp vapiablemmeatory dlevice and
provided in connection with the acconmpanyi ng

a HalbA & fSRhiRE Deslshift Vablable bk S [0011]
FIGs. 1-10 are illustrations of exe ary enbodi nents
of

[0009] In one exemplary embodiment, the invention provides a

memory device having a stack with at least one layer of tin-chalcogenide (e.g.,
Sniv/xSe, where x is between about 1 and 0) proximate a first chalcogenide
glass layer. The stack of layers comprising a first chalcogenide glass layer and
a tin-chalcogenide layer is formed between two conductive layers or
electrodes. In other exemplary embodiments of the invention, similar
memory device stacks may contain more than one chalcogenide glass layer
and an optional metal layer. The invention provides structures for PCRAM
devices with improved temperature tolerance and methods for forming such

devices.

[0010] The above and other features and advantages of the invention
will be better understood from the following detailed description, which is

provided in connection with the accompanying drawings.



menory devices in accordance with the invention.

[0012] FIGs. 11-14 illustrate exenplary sequenti al
wermgemsef processing during the fabrication OPCEUS2005/024899

menory device of FIG 1 in accordance with the

invention. [0013] FIG 15 shows an exenpl ary

processor-based systemincorporating nenory devices in

accordance with the invention. [0014] FIGs. 16a, 16b,

17a, and 17b are graphs showi ng exenpl ary operati ng

paranmeters of a nenory device in accordance with the

i nventi on. I LED DESCRI PTI ON_[ 0015] In the

fol | owi ng o&ﬁﬁ%%@’rﬂﬂmm Thﬁ Prl%ﬁMQNGSrmde to
various s i figc emhgdi nments of the invention. These
(WR8bdi menf 158 1el0nredMnszations of expmplatesmbadimentsoh
enabl e those skilled in the art to practice the

MGt d@Aceslih dcBoldanbe wilt@leshoastidiat ot her
enbodi nrents may be enpl oyed, and that various

structural, logical and electrical changes nmay be nade

W t hout departi n%,fromthe spi.rit or scope of the
[Q0d¢knt i onl.’ﬁ?miéjl THustratepxemplanyrseauentialatages afiprocessing
foll owi ng description may include any supporting
- dakihBGhe feﬁ)ricﬁﬁbﬂ%f%%em&%f AeVick'0FFI€ Y hPac®rdance with the
sentconduct or substrate that has an exposed SUbst rate
_surface. A sem conductor substrate should be
myeB&pPst ood to include silicon-on-insulator

[0013] FIG. 15 shows an exemplary processor-based system

incorporating memory devices in accordance with the invention.

[0014] FIGs. 16a, 16b, 17a, and 17b are graphs showing exemplary

operating parameters of a memory device in accordance with the invention.

DETAILED DESCRIPTION

[0015] In the following detailed description, reference is made to
various specific embodiments of the invention. These embodiments are
described with sufficient detail to enable those skilled in the art to practice the
invention. It is to be understood that other embodiments may be employed,
and that various structural, logical and electrical changes may be made

without departing from the spirit or scope of the invention.



(SA), silicon-on-sapphire (SOS), doped and undoped
sem conductors, epitaxial |ayers of silicon supported
whyooa/obmse sem conduct or foundation, and ot herPCT/US2005/024899
sem conductor structures. Wen reference is nmade to a
sem conduct or substrate or wafer in the follow ng
description, previous process steps may have been
utilized to formregions or junctions in or over the
base sem conductor or foundation. The substrate need
[Q936] be sehhetarauciuhsrase dusedun the joliewig desgppsion may
structure suitable for supporting an integrated
irfhf by sv.?%ér‘fﬁiﬂ Yirycitte iMBfadif It hol Ayt ) 3
al T oys, ses ymars, ceram-c any ot her
supportive rraterlals as is known in the art. [0017]
sefhironduotot sitbsteate that hastaanelgubsed substratd surfate.oAl y
el emental silver, but sil ver vvith ot her trace netals

[.in riqQu I | oyed r net al
stichRador RHPnEs e HBTBERRIRHI RaDa b B tprgBhdn utator
such silver alloy is conductive, and as Iong as the

(SO, siilbcn-amdappleiet ($OS), dbﬁé@ antigslopledisemisbhdi@itors,
remai n unchanged. [ 0018] The term "tin" is intended to
i.ncl.ude not .only el ement but .tin wth_ other
epifial Tetts o SHicdn RupRPT 072 Pispebmisamiutier iindation, and
other nmetals as known in the sem conductor industry,

other b@nroadudtés Btrduchurdk! WhdrsrefQRABCEsIMEde &S s@tﬁldd?ﬂglctor
as the physical and electrical properties of the tin

remai n unchanged.
substrate or wafer in the following description, previous process steps may

have been utilized to form regions or junctions in or over the base
semiconductor or foundation. The substrate need not be semiconductor-
based, but may be any support structure suitable for supporting an integrated
circuit, including, but not limited to, metals, alloys, glasses, polymers,

ceramics, and any other supportive materials as is known in the art.

[0017] The term “silver” is intended to include not only elemental
silver, but silver with other trace metals or in various alloyed combinations
with other metals as known in the semiconductor industry, as long as such
silver alloy is conductive, and as long as the physical and electrical properties

of the silver remain unchanged.



[0019] The term "tin-chal cogenide"” is intended to
i ncl ude various alloys, conmpounds, and m xtures of tin
waraeohmshtogens (e.g., sulfur (S), selenium ( SEQT/US2005/024899

tellurium(Te), polonium (Po), and oxygen (O),
i ncl udi ng sone species which have a slight excess or
deficit of tin. For exanple, tin selenide, a species
of tin-chal cogenide, may be represented by the genera
formula Sm +/-cSe. Though not being limted by a
[¥881 i cul afhettenmafitinfnis intendest tooinpldegent obly sletheseal tin, but
devi ces of the present invention typically conprise an
SN A/ ' r bet .about,. 1 and
el e BB s O B Fartos A5 34 ARG Wi RS
i ntended to include glasses that conprise at |east one
medtaelyen knbmomingthespmitohdustoginduptrfis ohgtassupk I'ti'rmil'lcg/ is
table. Goup VIA elenents (e.g., O S, Se, Te, and Po)

[ | so referred tg as chal cogens. .[ 0021] The )
BiSudhR0aT o Itk e eTnERAARR it REgberdes pbthe tin
figures, which illustrate exenplary enbodi nents and

rérhaiougicdiahewadti ch |i ke referencenunbers indicate Iike
feat ures. éIG 1 shows an exenpl ary enbodi nent of a

menory device 100 constructed in accordance with the

| ntion,, The devic 00 shoywn in F 1 is supported
[dgg ¥§ su bs??%?egni Ot.m'ésélﬁltogﬂé‘% u b%‘lntt%ﬁ%%l@ inclyslegrariass

necessarily directly so, is a conductive address line
alldys, Wbin@BuBEE \Bhl RSxtaRed SR &RABREIcoF&s (R HBiirS), 100

shown and a plurality of other
selenium (Se), tellurium (Te), polonium (Po), and oxygen (O)), including some
species which have a slight excess or deficit of tin. For example, tin selenide, a
species of tin-chalcogenide, may be represented by the general formula
Sni++Se. Though not being limited by a particular stoichiometric ratio

between Sn and Se, devices of the present invention typically comprise an

SnixSe species where x ranges between about 1 and about 0.

[0020] The term “chalcogenide glass” is intended to include glasses
that comprise at least one element from group VIA (or group 16) of the
periodic table. Group VIA elements (e.g., O, S, Se, Te, and Po) are also

referred to as chalcogens.

[0021] The invention is now explained with reference to the figures,

which illustrate exemplary embodiments and throughout which like reference



simlar devices of a portion of a nenory array of
whi ch the shown device 100 is a part. It is possible
WO 00bnosepor at e an optional insulating | ayer (POL/US2005/024899
shown) between the substrate 10 and address line 12,
and this may be preferred if the substrate 10 is
sem conduct or - based. The conductive address line 12
can be any material known in the art as bei ng useful
for,  providing _an interconnect |ine, such as doped
nyenkers indigate like featurenghlG. d shewsan exeseplasy embgyljment of a

tungsten (W, nickel (N ), alumnum (Al), platinum

AR : Ceri ' i .
rSpo SO0 bt et Rl R 00h ffinyBon; IFe device
defined within an insulating |layer 14, which is also

160 ehowhndndddr & issuppuetekPby AsitbsteatedOr @dieer the sabstbete 40y
conductive material that will not mgrate into

A RGP 7 St W o RO R v P RS o ety

of silver ions and can be an insulating nitride, such

sexsves iab an dntenédririedefor $ha Méyice 200 elowhneirelcs phiralignst Gthkr
material, an insulating glass, or an insulating
0J r,. but. is not limted to suc terjals.[0022] A
STRRHH G et Bt of AMETEY BTN GWRKD the Ay aesteselo0
100 which stores information, is formed over the first

id paitr oeie phisibletdtifeoRydrak iRk ulkikgd & eirlrgn& shown)
| ayer of chal cogeni de gl ass 18, preferably gérmani um
sel eni de (gexSei 00-X), .i S provided over the first )

beiverary thgsubairaterd) g adgesniine 1 andethismpy dregprghiryed if the
within a stoichionetric range of about

substrate 10 is semiconductor-based. The conductive address line 12 can be

any material known in the art as being useful for providing an interconnect
line, such as doped polysilicon, silver (Ag), gold (Au), copper (Cu), tungsten
W), nickel (Ni), aluminum (Al), platinum (Pt), titanium (Ti), and other
materials. Over the address line 12 is a first electrode 16, which is defined
within an insulating layer 14, which is also over the address line 12. This
electrode 16 can be any conductive material that will not migrate into
chalcogenide glass, but is preferably tungsten (W). The insulating layer 14
should not allow the migration of silver ions and can be an insulating nitride,
such as silicon nitride (SisNs), a low dielectric constant material, an insulating

glass, or an insulating polymer, but is not limited to such materials.



Ge 0Se oto about (Ge43Ses7, nost preferably about Ge Se
o. The | ayer of chal cogenide glass 18 is preferably
whedoseeas4mbout 100 A and about 1000 A thick, nBSL/US2005/024899
preferably about 300 A thick. Layer 18 need not be a
single layer of glass, but may al so be conprised of
mul ti pl e sub-1ayers of chal cogeni de gl ass having the
same or different stoichionetrics. This |ayer of
chal cogenide glass 18 is in electrical contact with
[@0R8] under Ayingmasy etementei.a.6the] portigh afilee memeory device 100
chal cogeni de glass |layer 18 is a | ayer of
is ogeni de. 20, r ks [ ( Smt{ - xSe,
Wi R R R oo RAle R ARG b RERO e, T0he o1
t hat ot her chal cogenide materials may be substituted
einbodimbrnshawi i EIG sl aHayper ofwhblepgenidy gdass 18f preferably
tellurium The tinchal cogenide |layer 20 is preferably
about. 500 .A thigck;. however, | t hi ckness depends, i
g SelR R SRR Prom A1 0F REt cleasselts e
gl ass layer 18. The ratio of the thickness of the
géinardlal sdaside deptayRbl ¥ifen hRedickibnidific Yades byibtat
chal cogeni de gl ass | ayer 18 shoul d be between about
5:1 and abo 1, nore preferably about 2.5:1.[0024]
GS%“%?BP tg %‘?%tﬁﬁ%?ofrw@ref?raﬁm%t Gegrep. Jhe lgyer of
provi ded over the tinchal cogenide |ayer 20, with
cldlboRnid Aglhsd 8 RprRIGHBE 184wR {R0A -and'y A
| ayer 2£ﬁghouldﬁ%é about 500 %P%E?%k. f%ﬁ?aggﬁﬁgﬁb oé
other netal) |ayer 22 assists the switching operation

thagk, opest pratsFably abpub30ndhiakh dayer 48 need vot be a single layer
of glass, but may also be comprised of multiple sub-layers of chalcogenide
glass having the same or different stoichiometries. This layer of chalcogenide

glass 18 is in electrical contact with the underlying electrode 16.

[0023] Over the chalcogenide glass layer 18 is a layer of tin-
chalcogenide 20, preferably tin selenide (Sni/«Se, where x is between about 1
and 0). Itis also possible that other chalcogenide materials may be
substituted for selenium here, such as sulfur, oxygen, or tellurium. The tin-
chalco.genide layer 20 is preferably about 500 A thick; however, its thickness
depends, in part, on the thickness of the underlying chalcogenide glass layer
18. The ratio of the thickness of the tin-chalcogenide layer 20 to that of the
underlying chalcogénide glass layer 18 should be between about 5:1 and

about 1:1, more preferably about 2.5:1.



22 is a second electrode 24. The second el ectrode 24
can be nmade of the sane material as the first
web@ehisde 16, but is not required to be so. |PCT/82005/024899
exenpl ary enbodi nrent shown in FIG 1, the second
el ectrode 24 is preferably tungsten (W. The device(s)
may be isolated by an insulating |ayer 26. [0025]
Devi ces constructed according to the enbodi ments of
the invention, particularly those having a tin
[@24dni de Bhllaeferng to FlGybra metal tiyep 32 itipravistedraver the tin-

chal cogeni de gl ass | ayer (e.g., layer 18) show

IRpEYRe LR HH AL AR SCing P Red & TR Tfe

menory device 100, the tin-chal cogenide |ayer 20
netablages2Zshendd be abbut 560 Aethéaki. dehis sitvert(ot sther metal) layer
i ncorporated into chal cogeni de glass layer 18 at a

2SRRI TR B B S0er

applying a potential across the nenory el enent

2319 dsdoonel eddctidie TeViteesetOAd eletrode @Y chhbeshh@8bfithe same
fromthe tinchal cogenide |ayer 20 is incorporated into

t he .chal cogeni de gl as ayer 18,thereby formng a
n@éﬁrd%lasitﬁa leﬂaeﬂ%?wf%f%bgﬁlstw refaired fehe ae i
| ayer 18. Movenent of silver ions into or out of that

eRANPLEY eRtbodiMBAEhSWhiiR FIGUDIRE H@d&hd@l&&f@dﬂ?@& prefeiBbly

a conductive pathway, which causes a detectible

resi stance change across the nmenpry device 100.
tungsten (W). The device(s) may be isolated by an insulating layer 26.

[0025] Devices constructed according to the embodiments of the
invention, particularly those having a tin selenide layer (e.g., layer 20)
disposed proximate a chalcogenide glass layer (e.g., layer 18) show improved

temperature tolerance.

[0026] In accordance with the embodiment shown at FIG. 1, in a
completed memory device 100, the tin-chalcogenide layer 20 provides a
source of tin selenide, which is incorporated into chalcogenide glass layer 18
at a conditioning step after formation of the memory device 100. Specifically,
the conditioning step comprises applying a potential across the memory
element structure of the device 100 such that tin selenide from the tin-

chalcogenide layer 20 is incorporated into the chalcogenide glass layer 18,

10



[0027] In PCRAM devi ces, a silver-chal cogeni de such as
silver selenide has been used in place of the

WO béoamigsas ed tin-chal cogeni de |ayer 20. \When arPCT/US2005/024899
relatively thick |layer of silver is sputtered directly
onto silver selenide (as an el ectrode or a netal
| ayer), it has been found that aggl oneration of silver
at the silver silver-selenide interface typically

occurs Such aggl onerati on_can cause subsequent
therele f@B%élﬁﬁnlﬁ hannel thrqughctherchalspgenidergdass layer

devi ce. Use of a tin-chal cogeni de Iayer 20 instead of

18 Mdv\é?ﬂen@ %?Eﬁ\?&%hgﬁ\tbg}‘%ht bf ‘t‘%Bn {:(Hé}{i}elfi

prevents this silver oneration an

as effectively as silver-chal cogenide has in the prlor
subrsequent programming f6unsratondudivespathmaye ihich chesesal .

[0028] Al so, use of a tin- chalcogenide | ayer, such as

N thi.s and ot
doble e Gpb{ ¥ sPod dhe BEHRRNATONEe B0%ni i 1y for
the resulting device 100. For exanple devi ces
i ncorporating a tinchal cogenide |ayer in accordance
[08RT]h t he ImPERAMmleaices,abdilvet-ehalcopenideduahasailvdrgelenide
tenperatures during processing of 26Q0C for 5 m nutes;

a .t hermal.st e M dev.i ces,utilj
h b8 R st edbe Al e HnGi g ernidi g e Mpen o
FIG 2 shows another exenplary enbodi nent of a nmenory
relititiety tHiok 1@ of slledrds spuittaeeadis@tiy oo isiivehselenide (as an

i nvention. Menory device 101
electrode or a metal layer), it has been found that agglomeration of silver at
the silver silver-selenide interface typically occurs. Such agglomeration can
cause subsequent processing problems during manufacture of a memory
-device. Use of a tin-chalcogenide layer 20 instead of a silver-chalcogenide
layer in such a position prevents this silver agglomeration and works at least

as effectively as silver-chalcogenide has in the prior art in relation to

formation of a conducting channel.

[0028] Also, use of a tin-chalcogenide Iayer,l such as layer 20 in this and
other embodiments of the invention, offers improved temperature stability for
the resultjng device 100. For example, devices incorporating a tin-
chalcogenide layer in accordance with the invention are able to withstand

annealing témperatures during processing of 260°C for 5 minutes; a thermal

11



has many simlarities to nenory device 100 of FIG 1
and | ayers designated with |ike reference nunbers are
w@e@cerahs vy the sanme material s and have the saPeT/US2005/024899

t hi cknesses as those described in relation to the
enbodi nent shown in FIG 1. The primary difference

bet ween device 100 and device 101 is the addition to
devi ce 101 of an optional second chal cogeni de gl ass

| ayer . nd _an optional third chal cogenjde gl ass
SF%‘@M@%C%@@W% utijgingonsilveshalregenidedayeimanaot

gl ass layer 18a is forned over the tin-chal cogenide
with@ind0, is preferably Ge Se o, and is preferably
about 150 A thick. Over this optional second

chal cogeni de gl ass layer 18a is a netal |ayer 22,

which is %referably silver (Agi and is preferably
(B3It 500FIGthshaws apether pxemplagy embyostiment pfa aremory
optional third chal cogenide glass |ayer 18b, which is

. j r I t A thi ck.

AR 0P Rt AR BRI ARGty BRI iy HBviRE 101
provi des an adhesion |ayer for subsequent el ectrode
hagmaetyi somilapisiesio menagyryrdev@cesf00RMEIGL 1 ahdyleyers tidsigaated
18b are not necessarily a single layer, but may be

i f | ti pl e sub:l ayers. Addi tional ly, e
Wik RRerefice Rk Freiiter L B hmsansiipialdind hue e
18b may be a different chal cogenide glass fromthe
sdme shickhersenaethicde dgbaited iayelatibd torthé efibo@sRn OB R in
O her chal cogeni de gl asses that may be useful for this
but e not |imt ger mani um

r e include, ed to
F§§|11??1§1§ Elegg)ry %gﬁ%rence etween device 10% and dévice 101 is the
addition to device 101 of an optional second chalcogenide glass layer 18a and

an optional third chalcogenide glass layer 18b.

[0030] The optional secpnd chalcogenide glass layer 18a is formed over
the tin-chalcogenide layer 20, is preferably GeswSes, and is preferably about
150 A thick. Over this optional second chalcogenide glass layer 18a is a metal
layer 22, which is preferably silver (Ag) and is preferably about 500 A thick.
Over the metal layer 22 is an optional third chalcogenide glass layer 18b,
which is preferably GeswSec and is preferably about 100 A thick. The optional
third chalcogenide glass layer 18b provides an adhesion layer for subsequent
electrode formation. As with layer 18 of FIG. 1, layers 18a and 18b are not

necessarily a single layer, but may be comprised of multiple sub-layers.
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conbi nati on of germanium (Ge), silver (Ag), and
sel enium (Se). [0031] Over the optional third

waebmboogeni de gl ass |ayer 18b is a second el eceaDUS20231924899
whi ch may be any conductive material, except those
that will mgrate into the stack and alter nenory
operation (e.g., Cu or Ag), as discussed above for the
precedi ng enbodi nents. Preferably, the second
el ectrode 24 is tungsten (W. [0032] The

Aahditionalily dhe sptionatsedond and third chrkgenidye laydredBamnti8b

of the invention; however, ot her exenpl ary enbodi nents

o e e B P it o M e

bet ween figures designate |ike features) in which the

18®ertrom @ash othet 0D theechal@gehfiteoglasseatitatanky betuseful for this
el ectrode 16 separate from an address |ine 12. The

nmenor y, g]éllce 102 utlllz%f a conbi ned dress I|ne and
PUFReseipgide: bufargmot fimited to, gerragyium suliideg Gedd anevi ce

to be slightly nore sinple in design and fabrlcated in

coRBRia crhaitnt (Geb, fﬁlv@ﬂp g)r ERAERAAMA (58). FI Gs.

1-2. The address line and el ecttode structure 12/ 16

may be the sane naterlals as dlscussed above for t he
dﬁr t el ect roq$ [Q033]. FIG 4 s

[A934] ce 10 VEEH; qn%lamlb%léhlaﬁﬂhakpgsvnldmgl@srséawsl8b. is @ segond
t he second el ectrode 24. The underlying | ayers of the

eRBHBHY 28/ \@Hﬁ’:ﬂtmax be- anPr ﬁdﬁb@{r& REREHCeteBS thdsBYRAL il
the tin-chal cogenhi de laye 0,
migrate into the stack and alter memory operation (e.g., Cu or Ag), as

discussed above for the preceding embodiments. Preferably, the second

electrode 24 is tungsten (W).

[0032] The above-discussed embodiments are exemplary embodiments
of the invention; however, other exemplary embodiments as shown in FIGs.
3-10, may be used. FIG. 3 shows an exemplary embodiment (where like
reference numbers between figures designate like features) in which the
memory device 102 does not incorporate a first electrode 16 separate from an
address line 12. The memory device 102 utilizes a combined address line and
electrode structure 12/16, thereby allowing the device to be slightly more

simple in design and fabricated in fewer steps than with the embodiments
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and the netal |ayer 22, are blanket |ayers forned over

a conbi ned address line and el ectrode structure 12/16
wanesdssi rate 10. Alternatively, a first el ece@DUS2006024899

separate froman underlying address line 12 may be

used, as with nenory device 100 shown in FIG 1. The

position of the second el ectrode 24 defines the

position of t he conducting channel formation at the

ondi.tiqpi p e con hway duri ng
shRBminfeof2; nER e Ensanit eiberaods REuchind 12banabe the
t he second.electrode 24 defines the location of the
sERIERhNtedRl ££°0id8dsed @889 fdr!thee fipstlio e axenpl ary
enbodi nent (where |ike reference nunbers between

figures desi gnate |ike features) where the nmenory

&#éﬂe (lf;abrlcatedlnawa 28 formed in an
[ | at i n§ ghows agyamopndeyige 463 defined, prgdemérantly by
structure 12/ 16 The [ ayers of the nenory el ement,

e ek SRR A5 By X YO emor
el ectrode 24 are conformal |y deposited over the
elemsantaig- ndleahalcoganigteqslasssy eralbe thctinehaloog emidetl igendOa

28 over the address line and el ectrode structure

oSl 2 3o A 0 § BBDAERS B
formthe conpl eted nenory device 104. Alternatively, a

life pad eddatrrdectiorctéreridy/1handisehbtidte 0. Adtesrgtively,ea firsom
the underlying address line 12. This separate

efeb&64E Qg‘ieﬂ'ﬁa%aﬁf‘o&! an Unggrl)g&%taded’ress line 12 may be used, as with

memory device 100 shown in FIG. 1. The position of the second electrode 24
defines -the position of the conducting channel formation at the conditioning
step and the conductive pathway during Qperation of the memory device 103,
thus, in this way the second electrode 24 defines the location of the memory

device 103.

[0034] FIG. 5 shows an exemplary embodiment (where like reference
numbers between figures designate like features) where the memory element
is fabricated in a via 28 formed in an insulating layer 14 over an address line
and electrode structure 12/16. The layers of the memory element, i.e.,
chalcogenide glass layer 18, tin-chalcogenide layer 20, and metal layer 22, as

well as the second electrode 24 are conformally deposited over the insulating
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alternative, be forned in the via 28 prior to the

formati on of the chal cogenide glass |ayer 18. [0035]
wWOo-kBs/0B8shows anot her exenpl ary enbodi nent of BECTrEsawDn3/024899
devi ce 105 constructed in accordance with the

i nvention. Menory device 105 has many simlarities to
menory device 100 of FIG 1 and | ayers designated with

i ke reference nunbers are preferably the sane

materials and have the sane di nensions as those

layes ddiapdcsubstratel Kk arshwithin Hee viai28diver tire athduass line BhG.

1. Device 105 is supported by a substrate 10 and is

BEbaP SR e 128 Bhedfuntdl 47 ecknd 2R npd i getine

first electrode 16, and a tin- chalcogenide | ayer 20

agtark dviee thdrala8gerhicteisgitassl foafpem the.cohrplétedsmemory device
exenplary enbodi ment, the second electrode 24 is

i on ver. the tin-c ogeni de, | 20 and
106 plie ety el auicsl Sotnods T riapere v whlasapaate from the
avai l able for swtching the cell froma |lowto a high

ufidBd{ig addrésd Ih@IR.t PhisQupaRsé Sleatp6@d 16 1s&,ld¢anbther
shows anot her exenpl ary enbodi ment of nmory devi ce

106 const ructed in accordance with the dnvention. )
Kemstiyedes farmedgn the yiadthprier ke theformaton of theehalcogenide

deV| ce 100 of FIG 1 and device 101 of FIG 2 and

jagyparggngsi gnated with |ike reference nunbers are

preférably the same materials and have the same

di mensi ons as those described in relation to the

[0035] FIG. 6 shows another exemplary embodiment of a memory
device 105 constructed in accordance with the invention. Memory device 105
has many similarities to memory device 100 of FIG. 1 and layers designated
with like reference numbers are preferably the same materials and have the
same dimensions as those described in relation to the embodiment shown in
FIG. 1. Device 105 is supported by a substrate 10 and is over an address line
12. The device 105 has a first electrode 16, a chalcogenide glass layer 18 over
the first electrode 16, and a tin-chalcogenide layer 20 over the chalcogenide
glass layer 18. In this exemplary embodiment, the second electrode 24 is
positioned over the tin-chalcogenide layer 20 and contains a metal, such as
silver, which would be available for switching the cell from a low to a high

conductivity (high to low resistance).
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enbodi mrent shown in FIGs. 1 and 2. Device 106 of FIG

7 is supported by a substrate 10 and is positioned
wo@c/oas4nddress |ine 12. Device 106 has a fi rBCT/US2005/024899

el ectrode 16, a chal cogeni de gl ass |ayer 18 over the

first electrode, and a tinchal cogeni de | ayer 20 over

t he chal cogeni de gl ass |ayer 18. A netal |ayer 22,

preferably silver, is positioned over the

tin-chal cogeni de Iayer 20. Over the netal y 22 is
[0036] t i oneBlG: 7sshoovrarsiihereponpldey gndvgdnnaly@ agemory

which may be the sane material as the first

ol SOOI SLBEal ok Y PIRE  BRGRE B dvisy 10

[0037] FIG 8 shows another exenplary enbodi nent of a
haemany sitailaritied ivmentat rdeviced 00rof #Gol dad clevidet101 O FIG. 2
invention. Menory device 107 has many sinmilarities to

oG5 e5ed e et B R 6

materi al s and have the same di mensi ons as those

maegidls Bed hiake tid Sdrhe Elnh@nélbﬁs 80BRE AR Edrido el dtionl & the

1. Device 107 of FIG is supported by a substrate 10
d IS ition over an address line 12. Device 107
elﬁ Qdunent Silp Ier'déaﬁ}a 2. Pevige Lyehildedliasappasfed bya

over the first electrode, and a tin-chal cogeni de | ayer

SERHAYVET1) AhE 1%1&8&&91}% el %&eE@Mﬁé 138petice r105 B&s a £1rst

tin-chal cogenide layer 20 is an alloycontrol layer
which is preferablci/ sel enium (Se) or tin oxide (SnO.
elqeteods 16w darogenideglass layerHrovrs the biust elerosle; endladin-

300 A thick, preferably
chalcogenide layer 20 over the chalcogenide glass layer 18. A metal layer 22,

preferably silver, is positioned over the tin-chalcogenide layer 20. Over the
metal layer 22 is positioned a second chalcogenide glass layer 18a, which may
be the same material as the first chalcogenide glass layer 18. Over the second

chalcogenide glass layer 18a is a second electrode 24.

[0037] FIG. 8 shows another exemplary embodiment of a memory
device 107 constructed in accordance with the invention. Memory device 107
has many similarities to memory device 100 of FIG. 1 and layers designated
with like reference numbers are preferably the same materials and have the
same dimensions as those described in relatfon to the embodiment shown in
FIG. 1. Device 107 of FIG. 8 is supported by a substrate 10 and is positioned

over an address line 12. Device 107 has a first electrode 16, a chalcogenide
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about 100 A thick. A netal l|ayer 22, preferably

silver, is positioned over the alloy-control |ayer 21.
waEes/0198es netal | ayer 22 is a second el ect r odep@EUSIDINE024899

addition of an alloy-control |ayer 21 (above or bel ow

the tin-chal cogenide | ayer 20) inproves the electrical

performance of a PCRAM cell. [0038] Excess tin in a

PCRAM st ack may prohibit the PCRAM cell from

swtching. This is due t least. in part, to the

gFagt kasier df ET e figst eleckpAsyaniha HR- hida lageng) pvesthe

participating in switching. To avoid the formation of

. 0 W i | [ g
d?ar?gaér 1de§i(é§gla§f§;1 g'r nba‘%gg@a Pﬁ%?ggiiggray Ee oérﬂr%/d
with an alloy-control layer 21 of Se or SnOin two
centroldagpei 21, ackich impreferablyesalerdum (Sep hntineydde (fmQ)aylde
20 and bel ow the tin-chal cogenide | ayer 20. Both of

I ri i 3Gt g v
B FnPrER e 2R BP SRl A SO g M PRty
ti nchal cogeni de | ayer 20 of preferred SnSe in direct
abaoutt WOLA vhitk. Ahmetdl ddyr@@npridergbhssilvenyispobfticared ovee tike
the alloy-control layer 21 is above the

aliey e EnGur REGEAT c e HPRhty By 223 e Pcgnsl lestedds b rhe
up during switching (when the Se fromthe preferred

addistophst! a@oegm%i-@tm&@leyerm (@bese oNbelownthecii2chalgsgdrige
gl ass layer 18 structure and creates a conductive

la %}' E&f‘ xé%par%gse \%?Sq (ﬁg@tgl{cgls %q?f&%arplcte% aaILéIgXN(I: ?:gltl.r ol lTayer

[0038] Excess tin in a PCRAM stack may prohibit the PCRAM cell from
switching. This is due, at least in part, to the formation of an Ag/Sn alloy
which prevents the Ag from participating in switching. To avoid the
formation of excess Sn (or Sn* or Sn*) which will subsequently impair device
performance, a PCRAM stack may be formed with an alloy-control layer 21 of
Se or SnO in two different locations: above the tin-chalcogenide layer 20 and
below the tin-chalcogenide layer 20. Both of these cases show good electrical
switching. However, the best switching is found in devices having a tin-
chalcogenide layer 20 of preferred SnSe in direct contact with the
chalcogenide glass layer 18 and where the alloy-control layer 21 is above the

tin-chalcogenide 20 layer, as shown by FIG. 8.
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prevents it fromalloying wwth Ag or frommgrating
into the chal cogeni de glass |ayer 18. [0040]
wo npsowswent s i ncl ude data retenti on and possiBEHUS2005/024899
cycling, as well as a decrease in the read disturb of
the OFF state. The read disturb is the tendency of the
device to turn ON after reading nultiple tines when it
is progranmed to the OFF state. [0041] FIG 9 shows
anot her exenpl ary enbodi nrent of a nenory device 108
[068%)st r uctléds believeddhdbacsn (@rtIn2t+hoe Srdy pistfresd. up/Eoming
device 108 has many simlarities to nenory device 100

f EIG 1, [ 101, of FEI G devi 7 of
siiiteting (whim G 5P EraR ne hafetreg i HAiedetriflagfe 20 £o& onto
nunbers are preferably the sane materials and have the

theaivalddgenidel glass lagert 1®steuctasecand exkated d @raluctive Eﬂﬂﬁb@y)
enbodi nent shown In FIG. 1, 2 and 8. Device 108 of

FIG 9 i orted by a supstrage, 10 and | .
exX58%] 34 oS3 the a%laﬁnceg%mi)faarér P iniesiwitobissnand
first electrode 16, a chal cogeni de gl ass | ayer 18 over
preRenfsiif ﬁbn@hﬂ@ﬁhgd_@im ﬂgioﬁfrbhﬂnﬁ@ahﬁg%w R dh@lﬁ%ge e
over the chal cogeni de gl assl ayer 18. "An al |l oy-contro
| ayer 21 is provided over the tin-chal cogenide |ayer
glags lagpelB-t he al | oy-control layer 21 is positioned a
second chal cogeni de gl ass | ayer 18a, which may be the
same material as the first chal cogeni de gl ass | ayer

A et ' ¢ e Ay
[oggoe]r e nge%ﬂgﬁygﬁ{en%gmcm&é §4t32bdentibh 48l pdssibdP el dliry &6
well as a decrease in the read disturb of the OFF state. The read disturb is the

tendency of the device to turn ON after reading multiple times when it is

programmed to the OFF state.

[0041] FIG. 9 shows another exemplary embodiment of a memory
device 108 constructed in accordance with the invention. Memory device 108
has many similarities to memory device 100 of FIG. 1, device 101 of FIG. 2,
and to device 107 of FIG. 8 and layers designated with like reference numbers
are preferably the same materials and have the same dimensions as those
described in relation to the embodiment shown in FIGs. 1, 2 and 8. Device 108
of FIG. 9 is supported by a substrate 10 and is positioned over an address line
12.-Device 108 has a first electrode 16, a chalcogenide glass layer 18 over the

first electrode, and a tin-chalcogenide layer 20 over the chalcogenide glass
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chal cogeni de gl ass | ayer 18a. Over the netal |ayer 22,
is a third chal cogeni de gl ass | ayer 18b, which may be
w0 b@cpaegas material as the first two chal cogeni BeT/gba®5024899
| ayers 18 and 18b. Over the third chal cogeni de gl ass
| ayer 18b is a second electrode 24. [0042] FIG 10
shows anot her exenpl ary enbodi nent of a nenory device
109 constructed in accordance with the invention.
Menory device 109 has many simlarities to nmenory
lagtew 18 eAnGiloyfcdrit@l layer@diis peovided overth@ ti-chaleogenide dayer
of FIG 8, and to device 108 of FIG 9 and | ayers

20} QB ol oo et v 2136 BOF oMU Al R R Hige etass
t hose described in relation to the enmbodi mrent shown in

lalef3B8a, Which ntayebeltld sabeyinaeri{l %s ¢he fitdB.chaltogenide glass layer
supported by a substrate 10 and is positioned over an
ddress.line_12. vice. 108 has .a first el.ectrode 16
1 Iaetehéyssaémrsggws@vreaygpmi@oa OvER e jeced
el ectrode. An alloy-control layer 21 is provided over

cHal@ gehtd €A afer U8R SOVEAHRIMA Ldyet RD-i6 Rahfad@Al@Renide
| ayer 20 is ovér the alloy-control" | ayer 21. Over the

ti n-chal cogenj de | ayer, 20 i s posi tioned a second )
glasalay et &k, ehigh maay be the sapgyymajgrialias thg figgt techalcogenide

samematerial as the first chal cogenide glass | ayer 18.

1Asd B8t 19MR 1830’—.’0%19{11%%9? Haild g‘éhidei 80RbE tied
goverS’t hse second chal cogeni eC al act) S Ia;é? 182." Over at he
nmetal layer 22, is a third chal cogeni de gl ass | ayer

serand elgstiode®dy be the sanme

[0042] FIG. 10 shows another exemplary embodiment of a memory
device 109 constructed in accordance with the invention. Memory device 109

- has many similarities to memory device 100 of FIG. 1, device 101 of FIG. 2,
device 107 of FIG. 8, and to device 108 of FIG. 9 and layers designated with
like reference numbérs are preferably the same materials and have the same
dimensions as those described in relation to the embodiment shown in FIGs.
1, 2,8 and 9. Device 109 of FIG..lO is supported by a substrate 10 and is
positioned over an address line 12. Device 108 has a first electrode 16 and a
chalcogenide glass layer 18 over the first electrode. An alloy-con&ol layer 21
is provided over the chalcogenide glass layer 18. A tin-chalcogenide layer 20
is over the alloy-control layer 21. Over the tin-chalcogenide layer 20 is

positioned a second chalcogenide glass layer 18a, which may be the same
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material as the first two chal cogeni de glass | ayers 18
and 18b. Over the third chal cogeni de gl ass | ayer 18b
W0 2008/0seDNd el ectrode 24. [0043] FIGs. 11-14 PCT/US2005/024899
illustrate a cross-sectional view of a wafer during
the fabrication of a nmenory device 100 as shown by
FIG 1. Although the processing steps shown in FlGs.
11-14 nost specifically refer to nmenory device 100 of
FIG 1, the methods and techni ques di scussed may al so
miateriad ed thefifstishalkagenideghasy layer e A noetalilagen??, poeflethbly

be understood by a person of ordinary skill in the art

siBRER FRiRreS e e B REE B Y B rgprofin O 8 the

i ndi cated above, the substrate 10 can be
metdlilayprA2e iser thirb elthlcogenidbd ghss hyee 1813 | whighfmby Be tiée same
supporting structure as is known in the art. If

desired,, ap optional insy] ating |ayer (n shqwn ,
mgferal e B O A opat e ileSay el A bt Over the Hird
insulating |layer may be silicon nitride or other

cﬂsl@g[emd@glama%f s isusedohd eldteradet24. Over the
substrate 10 (0Or optional insulating |ayer, if

desired), a conductive address line 12 is forned by

(OBEFYS! |1 i AP Bante P orommetioR e ofch Weloklaiag the

but preferably tungsten, patterning one or nore

faBFIRAHGH bF & nhdSsy déwite 10AREHS LY FIEN ! Nlﬂidﬁ%ﬂrtﬁghi c

techni ques, and’etching to define"the address1ine 12.
The conductive material maybe deposited by any
prosessig stePr sbowniin Flés Hri4 most specifically refer to' memory

device 100 of FIG. 1, the methods and techniques discussed may also be used
to fabricate memory devices 101-109 as would be understood by a person of

ordinary skill in the art based on a reading of this specification.

[0044] As shown by FIG. 11, a substrate 10 is provided. As indicated
above, the substrate 10 can be semiconductor-based or another material useful
as a supporting structure as is known in the art. If desired, an optional
insulating layer (not shown) may be formed over the substrate 10; the
optional insulating layer may be silicon nitride or other insulating materials
used in the art. Over the substrate 10 (or optional insulating layer, if desired),
a conductive address line 12 is formed by depositing a conductive material,

such as doped polysilicon, aluminum, platinum, silver, gold, nickel, but
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such as sputtering, chem cal vapor deposition, plasnma

enhanced chem cal vapor deposition, evaporation, or
w@babiomgss [ 0045] Still referring to FIG 11, ORET/USI085/024899

address line 12 is forned an insulating |layer 14. This

| ayer 14 can be silicon nitride, a low dielectric

constant material, or many other insulators known in

the art that do not allow silver ion nmigration, and

may be deposited by any nmethod known in the art. An
praferabliy tungstem patterningdngtaragortesonduictivadigies, fooinstance

i nstance by photolithographic and etching techni ques,

. . ' rtj f ef.l yin dress
wRRRERAsbAR CoRBhas And o fs W ety P addiE e 12

openi ng 14a, and over the address line 12 is forned a
The nobtétire: material ahayherddposied pytanygetieniqi¥knofvn in the art,

chem cal nechani cal polishing step may then be

utilized to reppove the conductive teri from_ over
e %&eaﬂaqg Fibral VnST dePIRE Hlporae eahaneghchemmical

el ectrode 16 over the address line 12, and pl anari ze

va osftior], @Q4pdration, ol platin@gws the cross-section of
t%d\/\gjfer of Flﬁa 11 at gsugsequent st age of

processing. A series of |layers making up the nenory
ice 100 (FIG .1 hl anket - deposi t ed over the
BT A Siflrelonin bobd. pugehe sl essierais formaed an
preferred thickness of about 30gA over the first

ingliR€ingadperlBL. aTkls T4 1atchA BelsA¥Dn difridd el MetRegHi de
gl ass 1ayer 18 is preferably Ge Se . Deposition of

this chalqo?enide gl ass | ayer 18 may be
constant material, or many other insulators known in the art that do not allow

. silver ion migration, and may be deposited by any method known in the art.
An opening 14a in the insulating layer is made, for instance by
photolithographic and etching techniques, thereby exposing a portion of the
underlying address line 12. Over the insulating layer 14, within the opening
14a, and over the address line 12 is formed a conductive material, preferably
tungsten (W). A chemical mechanical polishing step may then be utilized to
remove the conductive material from over the insulating layer 14, to leave it

as a first electrode 16 over the address line 12, and planarize the wafer.

[0046] FIG. 12 shows the cross-section of the wafer of FIG. 11 at a
subsequent stage of processing. A series of layers making up the memory

device 100 (FIG. 1) are blanket-deposited over the wafer. A chalcogenide
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acconpl i shed by any suitabl e nethod, such as
evaporative techni ques or chem cal vapor deposition

wQ@20060193e3 mani um t et rahydri de (GeH4) and sel enP@mUS2005/024899

di hydri de (Selrb) gases; however, the preferred
technique utilizes either sputtering froma germani um
sel eni de target having the desired stoichionetry or
co-sputtering germani um and seleniumin the
appropriate ratios. [0047] Still referring to FIG 12,
glass layer Wisfogeedde a prefarrabthickress atabeutsi00dhever the first

chal cogeni de gl ass |ayer 18. The tin-chal cogenide

I O R

chem cal vapor deposition, co-evaporation, sputtering,
preferabheGei®ahnDapesitisn ofithis chalkegenitle giass beyersd8dnay be
deposit layer 20 to a preferred thickness of about 500
A. _Again, .the thi. ess of . layer 20 is sel ected based,
adchmpithed by etk estod it ja Foarsialie fia Thar s
the thickness of the tin-chal cogenide |ayer 20 to that

clféﬁnﬂc@levd-ﬁ&@fdpb'bﬂﬁ)rﬁhﬁlg ggﬁﬂhﬂi@r@ t@tsshydaidy (GéHd) and

preferably from about to about 1:'1, nore

referably apout 2.5:1. It should be noted fhat, as.
seleniupy 63@951#456 S§EIqRHET: SheRpiarTashtechninues tiiges
14 may be adapted for the formation of devices in

eigﬁigs)gﬁ@ﬁﬁﬁ‘g%&h d QQBesheM seldhifé Sﬁge@h&@ng%ﬂe desired

cont | ayer 21 as shown in-deviceS 107-109 may

be forned adjacent to the tin-chal cogenide |ayer 20,
steishiqmelay ogicgesputtering germanium and selenium in the appropriate

ratios.

[0047] Still referring to FIG. 12, a tin-chalcogenide layer 20 is formed
over the chalcogenide glass layer 18. The tin-chalcogenide layer 20 is
preferably tin selenide.(Snw-xSe, x being between about 1 and 0). Physicall
vapor deposition, chemical vapor deposition, co-evaporation, sputtering, or
other techniques known in the art may be used to deposit layer 20 to a
preferred thicknesé of about 500 A. Again, the thickness of layer 20 is selected
based, in part, on the thickness of layer 18 and the ratio of the thickness of the
tin-chalcogenide layer 20 to that of the underlying chalcogenide glass layer 18
is preferably from about 5:1 to about 1:1, more preferably about 2.5:1. It
should be noted that, as the processing steps outlined in relation to FIGs. 11-

14 may be adapted for the formation of devices in accordance with those
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thereof. [0048] Still referring to FIG 12, a netal

| ayer 22 is fornmed over the tinchal cogenide |ayer 20.
wab@coeisas | ayer 22 is preferably silver (AQ),POT/US2005/024899

| east contains silver, and is fornmed to a preferred

t hi ckness of about 300 A. The netal |ayer 22 may be

deposited by any technique known in the art. [0049]

Still referring to FIG 12, over the netal Iayer 22, a

condyc e teri IS de Si a secon
shavga it Ekfes. 2210, Ak ﬁy-qomr@ fqy f@ﬁ §%0W9tlerdea|weﬁa97ﬂ89

any material suitable for a conductive el ectrode, but
mmia§ bR bREBHAEA AldjackHN @SR tin- BN 8¢ hfer E@Rﬁﬂ;ﬁhéf di|y be

used such as titaniumnitride or tantal um

exanple. [0050] Now referring to FIG 13, a |layer of
theresfor esi st 30 is deposited over the top el ectrode 24

| ayer, masked and patterned to define the stacks for

the nenory device 100, which is but one of a plurality

l'i ke rgfip f FRARr ' .

[OQiSJp is usedfe%f%lqr fb\e/%c’g&??? ons cal\)‘(y‘?gizziﬂo%e&éggf%m“

and 24, with the insulating |ayer 14 used as an etch
d@l«qgenid@layeng%t”ﬂm&(memi layen@?2 is prefe@ably silvaig), ohat least

photoresist 30 is renoved, |eaving a substantially

ccifiTRe S RO R et PHEHRe0 s b AL o e

100 to achieve a structure as shown by FIG 1. This
metadlayter @2 nsayebe dapodited oy huyvesthbyqudlendwn i fige aift.

[0049] Still referring to FIG. 12, over the metal layer 22, a conductive

material is deposited for a second electrode 24. Again, this coﬁducﬁve

material may be any material suitable for a lconductive electrode, but is
 preferably tungsten; however other materials may be used such as titanium

nitride or tantalum, for example.

[0050] Now referring to FIG. 13, a layer of photoresist 30 is deposited
over the top electrode 24 layer, masked and Apatterned to define the stécks for
the memory device 100, which is bﬁt one of a plurality of like memory devices
of a memory array. An etching step is used to remove portions of layers 18,
20, 22, and 24, with the insulating layer 14 used as an etch stop, leaving stacks
as shown in FIG. 13. Then, the photoresist 30 is removed, leaving a

substantially complete memory device 100, as shown by FIG. 14. An
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connections to other circuitry of the integrated
circuit (e.g., logic circuitry, sense anplifiers,
webt@sH1wis whi ch the menory device 100 i s a parPpCT/aS2005024899
known in the art. [0051] A conditioning step is
performed by applying a voltage pul se of a given
duration and nagnitude to incorporate material from
the tinchal cogeni de |ayer 20 into the chal cogeni de
gl ass layer 18 to forma conducting channel in the
inshhtingdeper2s glayte foayed ov@r tihédevioa il ta adhievemsielicture
w || support a conductive pathway during operation of
t he mepory device .100,. [ 0052] The 0dj ts .
ag et R PLGh by ATFORtioh SR IATIORF<bEY TR fPraving of
possi bl e resistance vari able nmenory device structures
cdréregtionEFoMer citc@ies o6fhe GRteptdthd Ichieuit ¥.gN 16 &R cirehits)
may be part of a nmenory array. It nust beé under st ood,
however, that the invention contenplates the formation
segise gmplifiars gbe-) ok whirh thyedneryory dgvicad 04 b 2 partops isgaown
i nvention, which can be fabricated as a nenory array
inaRd apperated with menory el ement access
circuits.[0053] FIG 15 illustrates a typica
processor system 400 which includes a nenory circuit
448, e.g., a PCRAM device, which enpl oys resistance
[003}]i abl e frerpditioing step is Pegformed\ycapplyinglaypltage pulse of
fabricated in accordance wth

a given duration and magnitude to incorporate material from the tin-
chalcogenide layer 20 into the chalcogenide glass layer 18 to form a
conducting channel in the chalcogenide glass layer 18. The conducting

channel will support a conductive pathway during operation of the memory

. device 100.

- [0052] The embodiments described above refer to the formation of only
a few possible resistance variable memory device structures (e.g., PCRAM) in
accordance with the invention, which may be part of a memory array. It must
be understood, however, that the invention contemplates the formation of
other memory structures within the spirit of the invention, which can be
fabricated as a memory array and operated with memory element access

circuits.

24



the invention. A processor system such as a conputer
system generally conprises a central processing unit
W@ ieep1984%t, such as a mcroprocessor, a di gi t abCEHU§83/024899
processor, or other progranmbl e dlgltal | ogi c
devi ces, which comunicates with an input/output (1/0
devi ce 446 over a bus 452. The nenory circuit 448
communi cates with the CPU 444 over bus 452 typically
t hrough a nenory controller. [0054] In the case of a
[06831put er B l8mlustratepa dypisalqrosgssoe aystem 400cwhivh includes

perlpheral devi ces such as a floppy disk drive 454 and

TR TR e

ci rcwt 448 is preferably constructed as an integrated

varidbielitemaodyl dévitaso(elgpd etevivec] 00F109) f2bricased iremeerdance with
variabl e menory devices, e.g., device 100. |f desired,

t he mam)ry circuit 448 e conmbined with the
ﬂ‘ﬁr"&%@%ﬁ%} AfREPeeSRan BIe Rty ?‘4% 3 CMBULET Syptem. geagralled
circuit. [0055] FIGs. 16a-17b are graphs relating to

1{913§ésfﬁ368rﬁ\%al pRSEdshihg qtﬂlﬂ{@md) 440306 RE A RS o\éésIsBr a

al devicesS having a s ructure in accorda ce with
the exenpl ary enbodi pent shown in FIG 2. The
digitg} signelaenosessernvar otheprpgrammaile digital é@glr: slguiqeg, which
| ayer 16), a first 300 A layer of Ge Se o(e.g., |layer

021% \ I REGH @) dAR: 416l SUia il B05

© ug%&%%/@?chgﬁi g ver t d t%eglg ol ayer, amgseconghe
159gA layer of (e.g., |ayer

memory circuit 448 communicates with the CPU 444 over bus 452 typically

through a memory controller.

.[0054] In the case of a computer system, the processor system may
include peripheral devices suchas a floppy disk drive 454 and a compact disc
(CD) ROM drive 456, which also communicate with CPU 444 over the bus
452. Memory circuit 448 is preferably constructed as an integrated circuit,
which includes oﬁe or mote resistance variable memory devices, e.g., device
100. If desired, the memory circuit 448 may be combined with the processor,

for example CPU 444, in a single integrated circuit.

[0055] FIGs. 16a-17b are graphs relating to experimental results
obtained from experiments with actual devices having a structure in

accordance with the exemplary embodiment shown in FIG. 2. The devices
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18a) over the SnSe | ayer, a 500 A layer of silver (Ag)
(e.g., layer 22) over the second |ayer of Ge Se o, a

wo hoocd198@0 A | ayer of Ge4o0Se6o (e.g., |ayer 18BQT/O8BN05/024899
the silver layer, and a tungsten top el ectrode (e.qg.,
| ayer 24). The experinents on these devices were
perfornmed using electrical probing to operate each
devi ce. Afirst probe was placed at the top el ectrode

| ayer 24) and a second probe was pl acedo\g
teb@d toivea tamebqttom eleatrogder(e.ge Jayqrdidea fiest SO layer of

appl i ed between the two probes. These tested devices

GEIMEHE I P LR ISR 00 L et B S Rg.”

exhibited at least a 90%yield in operational nenory
laglen/2@)esentiznGeroBee kgieng serohd d50A day emofdaénSeto (2.g., layer
tenperature of 260C for 5 m nutes. N nety percent

185) v briRdedsr Aanle FvehBlingr () - Bisr 901t the
devi ces neasured, about 90 were functional nenory

sedend lafer af GeaSaof £ tied 200 Adayert GiaGe«SHs @) SaleRT8b) over
about 90 out of 100 worked after a 2600C anneal . Thus,

tls ically, there is nq chanpg the nunber
yEb ! ABTESRD GERearEe & (BBoe TR R ents
of FI G s 16a and 16b show how t he devi ce switches in

orl &80 ASPicks u@r@geyf@kﬁ@ae;sﬁvgeaectrﬁh obfRg t& o?eﬁ@z each
switching I-V (current vs.voltage) race h shows

that the devi ces tested switched froma | ess
devierd o firsleprabgiveas plagedhahyihertop slrstadede-gstlayer 28 andut
0.2 Vduring a wite

second probe was placed at the bottom electrode (e.g., layer 16). Potentials
were applied between the two probes. These tested devices exhibited
improved thermal characteristics relative to previous PCRAM devices. For
example, the array exhibited at least a 90% yield in operational memory
devices when processing included an anneal at a temperature of 260°C for 5
minutes. Ninety percent yield refers to the percentage of functional devices
out of the total number measured. Out of every 100 devices measured, about
90 were functional memory devices at room temperature without an anneal
and about 90 out of 100 worked after a 260°C anneal. Thus, statistically, there

is no change in the total number of functional devices post-anneal.

[0056] The graphs of FIG.s 16a and 16b show how the device switches

in response to a DC voltage sweep. FIG. 16a is a DC switching I-V (current vs.
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vol tage sweep. FIG 16b shows a DC switching |-V

trace, which shows that the devices erased, or
waemoboleds f rom a hi gher conductive state to a POMWEB2005/024899

conductive state, at about -0.5 V and using | ess than

3 mcro-anps of current during a DC vol tage sweep.

[0057] The graph of FIG 17a is a continuous wave

devi ce response voltage vs. tine trace, which shows

how t he tested device responds to a continuous wave
valtape) traae,wbichtshowddhatthe davitdsdested swiitched dtdragdess

side, the device IS progranned to its |l ower resistance

copisbichiy State S hiffer sonaucfie ol &Mbous O Bor B e

until the device erases, or |s programed, to a higher

vélefesiwdrpe FHGAL6b sidws a0 shatchirg BUhrd®) athiflgshdw®s that
voI t age across the nenory device to the input voltage.

As. shown, e "threshold vo this exanple is
thgdsyices eaa COF SHItERSH From abe@@é Cpagpsfévwea to a lower
conducti ve state and about -0.3 Vto switch the device

cdriductiSe RIS R ABBUELD Y aiicﬁﬁﬁn% 1&9 518&n Ih8icARAM DS of gurrent

description and drawi ngs shouFfd only be consi dered
illustrative of exenplary enbodi nents that achieve the
dyring a s vatagagvwsfPages of the invention. Mdification
and substitutions to specificprocess conditions and
structures can be nmade w t hout departing fromthe

[OP%; 'ni | 2%@‘5‘%@’?‘ @fg FIgf‘é 74 VLR tRhoBF A TEOHLY redpBRise
voltage vs. time trace, which shows how the tested device responds to a
continuous wave signal across the device. On the positive voltage side, the
device is programmed to its lower resistance state and “follows” the input
signal. On the negative voltage side, the device “follows” the input signal
until the device erases, or is programmed, to a higher resistance state. FIG.
17b is a graph relating the voltage across the memory device to the input
voltage. As shown, the “threshold voltage” in this example is about 0.4 V to

switch the device to its more conductive state and about -0.3 V to switch the

device to its less conductive state.

[0058] The above description and drawings should only be considered
illustrative of exemplary embodiments that achieve the features and

advantages of the invention. Modification and substitutions to specific
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consi dered as being limted by the foregoing

description and drawings, but is only limted by the
wacapp1wshs t he appended cl ai ns. [0059] What i s ep¢BUSBIS/024899

as new and desired to be protected by Letters Patent

of the United States is:CLAIMS 1. A resistance

vari abl e nenory device conprising: a first el ectrode;

a second el ectrode; a chal cogeni de gl ass | ayer between

said first electrode and said second el ectrode; and a
processaaiditigesand stragerebedrbe masiai witboralt depprtingdrghabe

| ayer and said second el ectrode. 2. The resistance

Lar i ahl . [ i _cl ai ol . i,Si
Srat e BN O R BT S T SRR R
| ayer and said second el ectrode. 3. The resistance

corsiderbt s ey imiteditgetheffordgaimg desdriptioneind rawings/out is
a second chal cogeni de gl ass | ayer between said

oRdhER b he SRES S/AbP SPRERAFY HOWPce of ol aim 2,

wherein said

[0059] What is claimed as new and desired to be protected by Letters

Patent of the United States is:
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net al - contai ning | ayer conprises silver. 5. The

resi stance variable nenory device of claim1l1, wherein
wa 2000019845t el ect rode conprises tungsten. 6. ThBECT/US2005/024899

resi stance variabl e nenory device of claim1, wherein

sai d second el ectrode is over said tin-chal cogeninde

| ayer and conprises silver. 7. The resistance variable

menory device of claim1, wherein said chal cogenide

gl ass layer conprises gernmani um sel enide. 8. The

resi stance vari abl e nenoGLAIMSce of claim 7, wherein

sai d germani um sel eni de conprises Ge- Se 0. 9. The

resi stance variabl e nenory device of claim1, wherein

sai d,tinchal cogenide | ayer .conprises.tin selenide. 10.
13ne pIsSERsE S90RPRIprRRE BT SROTEAA ol ai m 1
wherein said second el ectrode conprises tungsten. 11.
The § éisdtelevterleyari abl e nenory device of claim1,
further conprising an alloy-control |ayer. 12. The
resi st ang; E‘gari apl e menory device of claim 11, wherein

sai d@ &9 QY | ayer conprises sel enium 13. The
resi stance variabl e nenory device of claim1l, wherein

sai da chalcogenide glass layer between said first electrode and said
second electrode; and
a tin-chalcogenide layer between said chalcogenide glass layer and
said second electrode.

2. The resistance variable memory device of claim 1, further
comprising a metal-containing layer between said tin-chalcogenide
l.ayer and said second electrode.

3. The resistance variable memory device of claim 2, further
comprising a second chalcogenide glass layer between said metal-
containing layer and said second electrode.

4. The resistance variable memory device of claim 2, wherein said
metal-containing layer comprises silver.

5. The resistance variable memory device of claim 1, wherein said first

electrode comprises tungsten.'
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all oy-control |ayer conprises tin oxide. 14. The
resi stance variable nenory device of claim11l, wherein

W@ 2000/08d8kDY- control |ayer is over said tin-chaPCDyswnsie24899

| ayer.15. The resistance variable nenory device of
claim1, further conprising: a second chal cogeni de

gl ass | ayer between said tin-chal cogenide | ayer and
said second el ectrode; a netal -containing |ayer

bet ween sai d second chal cogeni de gl ass | ayer and said
6.seC itk Adststaricedairiableimentdriyrdévideadfataiani dehgters saiday er
bet ween sai d netal -containing | ayer and said second

el ectrode. 16. The resistanc ari apl e menory. device
of - clesPrdl elsctipde g pkeridl Herdhplogeninste lgyeeard smprises
sai d second chal cogeni de gl ass layer, and said third
chal grgeni de gl ass [ ayer conprise Ge Se o, and wherein
said nmetal -containing |ayer conprises silver. 17. The
resi stance variabl e nenory device of claim 16, wherein
7.sai dThe resistancectarishle memsiy sleyicenfgdaianl anberein gaid
second el ectrode conprises tungsten. 18. The

10.

11.

12.

13.

14.

eS| SLARGRNYRY JiAtd By BPERhridR i niliufl Sidfide. Wer el N

sal

The resistance variable memory device of claim 7, wherein said
germanium selenide comprises GeswSeso.

The resistance variable memory device of claim 1, wherein said tin-
chalcogenide layer comprises tin selenide.

The resistance variable memory device of claim 1, wherein said
second electrode comprises tungsten.

The resistance variable memory device of claim 1, further
comprising an alloy-control layer.

The resistance variable memory device of claim 11, wherein said
alloy-control layer comprises selenium.

The resistance variable memory device of claim 11, wherein said
alloy-control layer comprises tin oxide.

The resistance variable memory device of claim 11, wherein said

alloy-control layer is over said tin-chalcogenide layer.
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devi ce can wi thstand an anneal of about 260C for about
5 mnutes and thereafter function as a nenory

walewicoe8l®. The resi stance vari abl e nmenory devPCEUS1005/024899
claim1, wherein said chal cogenide gl ass |ayer and
said tin-chal cogenide |ayer are provided within a via.
20. The resistance vari able nenory device of claiml1,
wherei n said second el ectrode defines the |ocation of
sai d_menory device over a substrate. 21. The

15.esi Thamesistange wsiablermameryodamieofstlaian 3 furthexher ei n
said nenory device is a PCRAM device. 22. The

resi e yvariabl e menory device of claiml1, wherein
sai d&%:rﬁgﬁglgggni de gl ass layer has a conducting channel

therein. 23. The resistance variable nenory device of
cl ai asdcondidvabiogesidedglasmidyer betyeeh@aitktinahatmogenitle
material fromsaid tin-chal cogenide |ayer. 24. The

(55! LIRS AL PPLE Ry O 0, of €L m I wherei
chal cogeni de gl ass | ayer prograns said nenory device
t o aa hmtel-conesinirigilager betwen ssiidibécond chalcogenide glass
layer and said second electrode; and
a third chalcogenide glass layer between said metal-containing
layer and said second electrode.

16.  The resistance variable memory device of claim 15, wherein said
chalcogenide glass layer, said second chalcogenide glass layer, and
said third chalcogenide glass layer comprise Ge«wSes, and wherein
said metal-containing layer comprises silver.

17.  The resistance variable memory dévice of claim 16, wherein said
first electrode comprises tungsten and said second electrode
comprises tungsten.

18.  The resistance variable memory device of claim 1, wherein said

device can withstand an anneal of about 260°C for about 5 minutes

and thereafter function as a memory device.
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25. The resistance variable nmenory device of claim 24,
wherein said conductive pathway conprises at | east one
w@boobiomsahd silver.26. The resistance vari abl ePOEIBI0Y5/024899

device of claim 15, further conprising an

alloy-control layer. 27. The resistance variable

nmenory device of claim26, wherein said alloy-control

| ayer conprises selenium 28. The resistance variabl e

menory device of claim26, wherein said alloy-contro
19. ay eFhe easistangesvariapl e;memoryztﬁvmﬁfé daim Ltwherein saidabl e

nmenory device of claim26, wherein said alloy-control

| 2y @il ogiie Sabdlayblafd Shigagrehdeodaar 1a)%g ard N€

resi stance var e’ menory eV|ce o wher ei n
said alloy-control layer is under sald

ti n-proaideshwithiealviger . 31. A nenory devi ce,
conprising: / a substrate; a conductive address line

20 i Nl Ry e PR B fSRherd i,
| ayer over said first electrode; a tin-chal cogenide
| ay esecanvet elestrivde idefisies theelocatjnofiaid neafiohyayevice over a
substrate.

21.  The resistance variable memory device of claim 1, wherein said
memory device is a PCRAM device.

22.  The resistance variable memory device of claim 1, wherein said
chalcogenide glass layer has a conducting channel therein.

23.  The resistance variable memory device of claim 1, wherein said
conducting channel comprises material froxﬁ said tin-chalcogenide
layer.

24.  Theresistance variable memory device of claim 1, wherein the
formation of a conductive pathway within said chalcogenide glass
layer programs said memory device to a lower resistance memory
state.

25.  The resistance variable memory device of claim 24, wherein said

conductive pathway comprises at least one of tin and silver.
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a second chal cogeni de gl ass | ayer over said
ti n-chal cogeni de | ayer; a silver |ayer over said
wazwenthsehal cogeni de gl ass | ayer; a third chal pOrESI00&024899
gl ass | ayer over said silver layer; and a second
el ectrode over said third chal cogeni de gl ass | ayer. 32.
The nmenory device of claim31l, wherein said first
el ectrode conprises tungsten. 33. The nenory device of
claim31l, wherein said first chal cogenide gl ass | ayer
2@ onprlhe eesistan@evariatie memheryntewiee/ofidaine d5ofurtieani m 31,
wherein said tin-chal cogenide | ayer conprises Sm

SR G o PEEaRlEL 1 20, aoout 0, 35, The

chal cogeni de gl ass | ayer conprises 36. The nenory
27devi The odsisthacewdiablevheneory davick dhdlaign Q6ahogem saie

gl ass layer conprises 37. The nmenory device of claim
31, %merei n said second el ectrode conprises tungsten.
38. Y REMEPY YR SURPHFS I | wher ei n sai d second
el ectrode conprises tin. 39. The nenory devi ce of

28| ai ThiesisthRdecvdliabdé themdr§ideRHQCHT @Slien 26, wherein said

alloy-control layer comprises tin oxide.

29.  The resistance variable memory device of claim 26, wherein said
alloy-control layer is over said tin-chalcogenide layer.

30.  The resistance variable memory device of claim 26, wherein said
alloy-control layer is under said tin-chalcogenide layer.

31. A memory device, comprising:
a substrate;
é conductive address line over said substrate;
a first electrode over said conductive address line;
a first chalcogenide glass layer over said first electrode;
a tin-chalcogenide layer over said first chalcogenide glass layer;
a second chalcogenide glass layer over said tin-chalcogenide layer;
a silver layer over said second chalcogenide glass léyer;
a third chalcogenide glass layer over said silver layer; and

a second electrode over said third chalcogenide glass layer.
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conprises tungsten, said first chal cogeni de gl ass
| ayer conprises germani um sel eni de said
wo ovsoimhT ogeni de | ayer conprises tin sel eni dePCHEBINNS/024899
second chal cogeni de gl ass | ayer conprises gernani um
sel enide, said third chal cogeni de gl ass | ayer
conpri sesgermani um sel eni de, and sai d second el ectrode
conpri ses one of tungsten and tin. 40. The nenory
device of claim 31, wherein said first chal cogeni de
3%y asEhé meenoryadevicecofrdaiot 8hgvisdraimsid diosipelectrode
material from said tin-chal cogenide |ayer. 41. The
nenq&gpdevice oftclain140, wherei n sai d conducting
charfPIHSHP8F%Ses metal ions to forma conductive
pat hway. 42. The nenory device of claim31, wherein
3%xal drieriettorysdeviddGHANAint 31, wherelresuid YirstaoHategehidd ai m
31, further conprising an alloy-control |ayer. 44. The
menory device of clam43, wherein said alloy-contro
| ay eBlasolapey CUBPHEPHPMRRY 45. The nenory device of
claim43, wherein said alloy-control |ayer conprises

34.1 N THd fife &2@% SEIRRY 3T Vh&RirPdai8 kit FRfldogettids ei n
said alloy-control layer is ,

layer comprises SnixSe, where x is between about 1 and about 0.

35.  The memory device of claim 31, wherein said second chalcogenide
glass layer comprises GesoSeso.

36. The memory device of claim 31, wherein said third chalcogenide
glass layer comprises GeswSeso.

37. The memory device of claim 31, wherein said second electrode
‘comprises tungsten.

38.  The memory device of claim 31, wherein said second electrode
comprises tin.

39.  The memory device of claim 31, wherein said first electrode
comprises tungsten, said first chalcogenide glass layer comprises
germanium selenide said tin-chalcogenide layer comprises tin

selenide, said second chalcogenide glass layer comprises

germanium selenide, said third chalcogenide glass layer comprises
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over said tin-chal cogenide |ayer. 47. The nenory

device of claim43, wherein said alloy-control |ayer
WO so0oantBes sai d tin-chal cogeni de | ayer. 48. A pPODESH05/024899

system conprising: a processor; anda nmenory device,

said nmenory device conprising a first electrode, a

first chal cogeni de gl ass | ayer over said first

el ectrode, a tinchal cogenide |ayer over said first

chal cogeni de gl ass | ayer, and a second el ectrode over

sai dgenmRrine) sedepidedand sajdsecorsl elegizode cemprises epe obm

of claim48, wherein said nenory device further

conpttd'r1 &mﬂﬁﬁiﬁﬁ.a silver-conprising |layer and a

tinco Ising [ayer between said tin-chal cogenide

| ayer and said second el ectrode. 50. The processor
43y st Ee nfenvdryi devd@; of dizineBh whembirt said tfirs et ad cogenii die

gl ass | ayer conprises gernmani um sel enide. 51. The

cl.ai erei.n. said

Fi g B Rr R ePag e s neb € Pod nftenial fom sa,
processor system of claim48, wherein said second :
el ectin-eHalcogemidedsyrert ungst en.

41.  The memory device of claim 40, wherein said conducting channel

incorporates metal ions to form a conductive pathway.

42.  The memory device of.claim 31, wherein said device is a PCRAM.

43.  The memory device of claim 31, further comprising an alloy-control

layer.

44.. The memory device of claim 43, wherein said alloy-control layer

comprises selenium.

45.  The memory device of claim 43, wherein said alloy-control layer

comprises tin oxide.

46.  The memory device of claim 43, wherein said alloy-control layer is

over said tin-chalcogenide layer.

47.  The memory device of claim 43, wherein said alloy-control layer is

under said tin-chalcogenide layer.

48. A processor system, comprising:

? a processor; and
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53. The processor system of claim48, wherein said
menory device further conprises an alloy-control

wo 200610198531, The processor system of claim 48, PBEUS1005/024899

said nmenory device further conprises: a second

chal cogeni de gl ass | ayer over said tin-chal cogeni de

| ayer;a silver-containing | ayer over said second

chal cogeni de gl ass layer; and a third chal cogeni de

gl ass | ayer over said silver-containing |ayer. 55. The
pr oce asmnoryyddwace, shidoinantor4levidesoogiprising d first electrode,
chal cogeni de gl ass | ayer, said second chal cogeni de

gl ass | aye nd said third chal cogeni de.gl.ass | gyer
Qonpr i adtiekehalOeetade el ayer pResid Bydiadhihids, ndi
48, wherein said nenory device can withstand an annea
of abohaR6fénitieNaypi@iter Baidi fivgt Elsaledbnidie RS 1fer, and

function as a nmenory devi ce.
of claim 48, m@erein sai d .nenor
8

58. Th@ SSFRD

57. The procéssor ‘system
.menory device js a PCRAM
girode ovensaid tm-%t%%m@m 8fn said

chal cogeni de gl ass | ayer has a conducting channel

49 her ehdprx8ssot 3§ sRuPEE

sai d conducti ng’channe

50.

51.

52.

53.

54.

S 48YywherBiRbaidl AkMor$ deVitr ei n
further comprises one of a silver-comprising layer and a tin-
comprising layer between said tin-chalcogenide layer and said
second electrode.

The processor system of claim 48, wherein said first chalcogenide
glass layér comprises germanium selenide.

The processor system of claim 48, wherein said tin-chalcogenide
layer comprises tin selenide.

The processor system of claim 48, wherein said second electrode
comprises tungsten.

The processor system of claim 48, wherein said memory device
further comprises an alloy-control layer.

The processor system of claim 48, wherein said memory device
further comprises:

a second chalcogenide glass layer over said tin-chalcogenide layer;
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conprises material fromsaid tin-chal cogenide |ayer.
60. The processor system of claim48, wherein the

wo ooratgsen of a conductive pathway wi thin sai dPCT/US2005/024899
chal cogeni de gl ass | ayer prograns said nenory device
to a |l ower resistance nenory state. 61. The processor
system of cl aim60, wherein said conductive pat hway
conprises at |least one of tin and silver.62. A nethod
of form ng a resistance variable nenory device, J
conpa sivergconitaiping/lagiengver sid seqoadechaprogenitleglass layest
el ectrode over said substrate; providing a second
el ectrodg over said substrate; formng a first
chalco@g i de gl ass | ayer between said first el ectrode
and said second el ectrode; and formng a
ti n- g kit d ohaloogenidaybiss bsteneenr saiddiliver-sdntalidhg dgemri de
gl ass layer and said second el ectrode. 63. The nethod

571 neTBF BERGEHTEEI HeB A QPR Wi R ek o
64. The nmethod of claim63, wherein said address |ine
and siabgllaleF, $hid second chalcogenide glass layer, and said third

chalcogenide glass layer comprise GesoSeso.

56.  The processor system of claim 48, wherein said memory device can
withstand an anneal of about 260°C for about 5 miﬁutes and
thereafter function as a memory device.

57.  The processor system of claim 48, wherein said memory device is a
PCRAM.

58.  The processor system of claim 48, wherein said chalcogenide glass
layer has a conducting channel therein.

59.  The processor system of claim 58, wherein said conducting channel
comprises material from said tin-chalcogenide layer.

60.  The processor system of claim 48, wherein the formation of a
conductive pathway within said chalcogenide glass layer programs
said memory device to a lower resistance memory state.

61.  The processor system of claim 60, wherein said conductive

pathway comprises at least one of tin and silver.
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el ectrode are the sanme | ayer. 65. The nethod of claim
62, wherein said first electrode conprises tungsten.
w® 2006/0s431et hod of claim 62, wherein said secopdI/US2005/024899
el ectrode conprises tungsten. 67. The nethod of claim
62, wherein said second el ectrode conprises silver. 68.
The nmethod of claim62, further conprising formng a
net al contai ning | ayer between said tin-chal cogenide
| ayer and said second el ectrode. 69. The nethod of
62| ai Aresthodeftfhemingapesisthmes variakle memewcdeidce,
chal cogeni de gl ass | ayer between said tin-chal cogeni de
Iayeﬁyéﬁgs ,d second el ectrode. 70. The mnet hod of

cI ai

érein said nmetal -containing |ayer

i‘ conprises silver. 71. The nethod of claim62, further

conpprosiidimgpe subistiiatgy an al | oycontrol layer. 72. The
nmet hod of cI ai m 71, wherein said alloy-control |ayer

conpri se

63.

64.

65.

66.

67.

provi 1ng a F I8t electrode over said substrate;

providing a second electrode over said substrate;

forming a first chalcogenide glass layer between said first electrode
and said second electrode; and

forming a tin-chalcogenide layer between said first chalcogenide
glass layer and said second electrode.

The method of claim 62, further comprising providing an address

line electrically connected with said first electrode.

The method of claim 63, wherein said address line and said first

electrode are the same layer.

The method of claim 62, wherein said first electrode comprises

tungsten.

The method of claim 62, wherein said second electrode comprises

tungsten.

The method of claim 62, wherein said second electrode comprises

silver.
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73. The nethod of claim 71, wherein said alloy-contro
| ayer conprises tin oxide. 74. The nethod of claim71,
wob@ceigs4sai d al l oy-control |ayer is over sai dPCT/US2005/024899

ti n-chal cogeni de | ayer. 75. The nmethod of claim71,
wherein said alloy-control layer is under said

ti n-chal cogeni de | ayer.76. The nethod of claim62,

further conprising form ng a second chal cogeni de gl ass

| ayer between said tin-chal cogenide |ayer and said

6% ecolike fletledd ofllaind 62, firtherebhqstisihg ébranimg Zometals t her
conprising formng a third chal cogeni de gl ass | ayer

bet ween sai d, second chal ¢cogeni. d | ass |ayer and.said
s ecoFRIERGYS 1AGE Detpecenanid Horhalropenidedrpstand agidy oi n
at | east one of said second chal cogeni de gl ass | ayer

and gabfAdlelctddenal cogeni de gl ass | ayer conprises
ger mani um sel eni de. 79. The method of claim 77,

further conprising the act of form ng@a.
6%et alhevethed pheaita p8r fsthensempyising kusping a second

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

?n's ?Zﬁ%@%‘%&%ﬁs@as Tiaagg{rs&%&n%fai& bRl Ralcdg MR 16 & A d
said second electrode.

70.  The method of claim 68, wherein said metal-containing layer
comprises silver.

71.  The method of claim 62, further comprising providing an alloy-
control layer.

72.  The method of claim 71, wherein said alloy-control layer comprises
selenium.

73.  The method of claim 71, wherein said alloy-control layer comprises
tin oxide.

74.  The method of claim 71, wherein said alloy-control layer is over
said tin-chalcogenide layer.

75.  The method of claim 71, wherein said alloy-control layer is under

said tin-chalcogenide layer.

39



conprises silver. 81. The nethod of claim62, wherein
said first chal cogeni de gl ass | ayer conprises
w@eooramsuin sel eni de. 82. The net hod of cl ai m 88CT/US2005/024899
wherei n said germani um sel eni de has a stoichionmetry of
about 83. The nethod of claim62, wherein said
ti n-chal cogeni de | ayer conprises tin selenide.84. The
met hod of claim 83, wherein said tin selenide has a
stoichionetrg of Smw/-xSe, where x is between about 1
7@and Ehemetbod g&claithé2nburthnt comprisingf@mingua sevond

conpri si ng the act of form ng a conducting channel

condh PISHeRIAL 63hs FRt BIRRBIAHR R U e,

said condltlonlng step conprises applying a voltage
pul ssaidceansl dactdodé.r st chal cogeni de gl ass | ayer and
sai d tin-chal cogenide | ayer 87 The nethod of claim

sai dﬁa %T@Sﬁ?‘?ﬂgaé Irﬁ%efu con &%%%e%&g# y at

mhere!n said first chalcogenlde glass | ayer is forned
on s@idlcdgenide glagslayefBetween said second chalcogenide glass

layer and said second electrode.

78.  The method of claim 77, wherein at least one of said second
chalcogenide glass layer and said third chalcogenide glass layer
comprises germanium selenide.

79.  The method of claim 77, further comprising the act of forming a
metal-containing layer between said second chalcogenide glass
layer and said third chalcogenide glass layer.

80.  The method of claim 79, wherein said metal-containing layer
comprises silver.

81.  The method of claim 62, wherein said first chalcogenide glass layer
comprises germanium selenide.

82.  The method of claim 81, wherein said germanium selenide has a
stoichio.me_try of about GewSeso.

83.  The method of claim 62, wherein said tin-chalcogenide layer

comprises tin selenide.
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89. The nethod of claim62, wherein said first
chal cogeni de gl ass | ayer and said tin-chal cogeni de
wo 2pen1sas®e bl anket - deposited. 90. The net hod ofCTU$003/024899
62, wherein said first chal cogenide gl ass |ayer and
said tin-chal cogenide |layers are etched to forma
vertical stack. 91. The nethod of claim 62, wherein
said first chal cogeni de glass |ayer and said
ti n-chal cogeni de | ayer are fornmed within a via. 92.
84he Whe od of Iclainn 887 wHeweintsaid tivsplengdeyagpa ovi di ng
an al l oycontrol |ayer.93. The nethod of claim92,

o SuctiBireuY sehup R M Qi FRR 2bEET BBy BT Po
| ayer conprises tin oxide. 95. The nmethod of claim92,

8%her he nsethdd aff kclaymas further @yeprising eheactssfifdrming a
ti n-chal cogeni de | ayer. 96. The nethod of claim 92,

SR AL Sl B B Py
resi stance variabl e nenory device, conprising:
provishdifioiriptepr at e;

86.  The method of claim 85, wherein said conditioning step comprises
applying a voltage pulse across said first chalcogenide glass layer
and said tin-chalcogenide layer.

87.  The method of claim 85, further comprising forming a conductive
pathway at said conducting channel.

88.  The method of claim 62, wherein said first chalcogenide glass layer
is formed on said first electrode.

89.  The method of claim 62, wherein said first chalcogenide glass layer
and said tin-chalcogenide layer are blanket-deposited.

90.  The method of claim 62, wherein said first chalcogenide glass layer
and said tin-chalcogenide layers are etched to form a vertical stack.

91.  The method of cléim 62, wherein said first chalcogenide glass layer
and said tin-chalcogenide layer are formed within a via.

92.  The method of claim 77, further comprising providing an alloy-

control layer.
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form ng a conductive address |ine over said substrate,
formng a first insulating | ayer over said address

wo 2ove/0tasas sai d substrate; form ng an openi ng i PCHESZH05/024899
first insulating | ayer to expose a portion of said
address line in said opening; formng a first
el ectrode | ayer in said opening and over said address
line; formng a first chal cogenide gl ass | ayer over
said first electrode;formng a tin-chal cogeni de | ayer

9%ver Thamethod of claimlRoyterels sgidaaltoy-egrerol lapemgamgpeises
second chal cogeni de gl ass | ayer over said
ti nchal cogeni de layer; forming a netal |ayer over said
secoﬁﬂagﬁgrcogenide glass layer; formng a third
chal cogeni de gl ass | ayer over said netal |ayer;

94.or nThgnathed od tldiral92¢ whekein|saldesll ayesntsal ldy éthéomiprises
chal cogeni de gl ass layer; and etching to forma stack
of said fjrst chal cogeni de gl ass | ayer, said
tin- X Sgeni de | ayer, said second chal cogeni de gl ass
| ayer, said netal |ayer, said third chal cogeni de gl ass

93.ay eThe AHt¢hSdblclaim 92, wherein said alloy-control layer is over
said tin-chalcogenide layer.
96. The method of claim 92, wherein said alloy-control layer is under
said tin-chalcogenide layer.
97. A method of forming a resistance variable memory device,
comprising:
providing a substrate;
forming a conciuctive address line over said substrate;
forming a first insulating layer over said address line and said
substrate;
forming an opening in said first insulating layer to expose a portion
of said address line in said opening;
formihg a first electrode layer in said opening and over said
address line;

forming a first chalcogenide glass layer over said first electrode;
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second el ectrode | ayer over said first el ectrode
| ayer. 98. The nethod of claim97, wherein said first,
waewenms4and t hird chal cogeni de gl ass | ayers cPOPUSRE5/024899
99. The nethod of claim97, wherein said
ti n-chal cogeni de | ayer conprises Smt+/-cSe, where X is
bet ween about 1 and 0. 100. The nethod of claim 97,
wherein said first electrode |ayer conprises tungsten.
101. The nethod of claim 97, wherein said netal |ayer
conpforsrings tinehalvogenitth dayeztoved saifl firstithal@ygenideglosn
sai d second el ectrode conprises tungsten. 103. The
nethodlgggplain197, further conprising the act of
form ng a ¢onducting channel within said first
chal cogeni de gl ass | ayer. 104. The nmethod of claim
103, fdrmingersecam chalcogerfide glasg layet @vetisdidwin-pat hway
at said conducting channel. 105. The method of claim

ayer - OECETRERIRTHOA Of ol ai m 105, wher ei n sai d
al l oy-control |ayer conprises selenium 107. The
et hfstntihg @l el I3er ovBesaH Besdt dlctllEsPeni@d 1284 layay.er
forming a third chalcogenide glass layer over said metal layer;
forming an second electrode layer over said third chalcogenide
glass layer; and
etching to form a stack of said first chalcogenide glass layer, said
.tin-chalcogenide layer, said second chalcogenide glass layer,
said metal layer, said third chalcogenide glass layer, and said
second electrode layer over said first electrode layer.
98.  The method of claim 97, wherein said first, second, and third
chalcogenide glass layers comprise GesSeso.
99.  The method of claim 97, wherein said tin-chalcogenide layer
comprises Sni+Se, where x is between about 1 and 0.
100.  The method of claim 97, wherein said first electrode layer

comprises tungsten.

101.  The method of claim 97, wherein said metal layer comprises silver.
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conprises tin oxide. 108. The nethod of claim 105,
wherein said alloy-control |layer is over said

wo 2oveoshcogeni de | ayer. 109. The met hod of clepETUSDB5/024899
wherein said alloy-control layer is under said
tin-chal cogeni de | ayer.

102.

103.

104.

105.

106.

107.

108.

109.

The method of claim 97, wherein said second electrode comprises
tungsten.

The method of claim 97, further comprising the act of forming a
conducting channel within said first chalcoggnide glass layer.

The method of claim 103, further comprising forming a conductive

- pathway at said conducting channel.

The method of claim 97, further comprising providing an alloy-
controi layer.

The method of claim 105, wherein said alloy-control layer
comprises selenium.

The method of claim 105, wherein said alloy-control layer
comprises tin oxide.-

The method of claim 105, wherein said alloy-control layer is over
said tin-chalcogenide layer.

The method of claim 105, wherein said alloy-control layer is under

said tin-chalcogenide layer.
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