WD 2006/ 091480 PCT/ US2006/ 005618 SnSe- BASED LI M TED REPROGRAMVABLE CELL
FI ELD OF THE | NVENTI ON [ 0001] The invention relates to the field of nenory
devi ces, w0dogsapt4seul arly to nenory devi ces which can BETRISAY6AMGER] a
limted nunber of tines. BACKGROUND [0002] Resistance variable nenory

el ements, whi chgj B OOV eERP REPIOGRAMNEA BERICR A cess Menory
(PCRAM el ements,g%ave een | nvestlkgzat ed for suitability as sem-volatile

and non-vol atil e random agpgsp OETHYINVENTION An  exenpl ary PCRAM devi ce
is disclosed in U S. Patent No. 6,348,365, which is assigned to Mcron
Technpbogy, | ncThé RRRBHOA REAModRY iHeR] bl PlefirydvicdsUales paitadudadeni de gl ass
as the active switching material. A conductive material, such as silver, is
incorporated into the chal cogenide glass creating a conducting channel.

Dur i ng mpmozy ideriaes which gan be progranumned gdirpited g rdItiee®h recei ve and
expel nmetal ions (e.g., silver ions) to program a particular resistance
state (e.g., a higher or a lower resistance state) for the nenory el enent

t hrough subsequent programm n%é%égm?;ch as wite and erase voltages.
€ , e

After a programm ng voltage is programed resistance states

ool RO | 1 SRbaahedy RiSRR T holy, Moy SR Ll RS F bR P Rov T co”

functions as a variable resistance nenory having at |east two resistance
st at eSondticttre Rahdom Aveess Mapest (PCRAWY ietersérats dsavelbeen investigated for

suitability as semi-volatile and non-volatile random access memory elements. An
exemplary PCRAM device is disclosed in U.S. Patent No. 6,348,365, which is

assigned to Micron Technology, Inc.

[0003] A PCRAM device typically includes chalcogenide glass as the active
switching material. A conductive material, such as silver, is incorporated into the
chalcogenide glass creating a conducting channel. During operation of the device,
the conducting channel can receive and expel metal ions (e.g., silver ions) to program
a particular resistance state (e.g., a higher or a lower resistance state) for the memory
element through subsequent programming voltages, such as write and erase
voltages. After a programming voltage is removed, the programmed resistance
states can remain intact for a period of time, generally ranging from hours to weeks.
In this way, the typical chalcogenide glass-based PCRAM device functions as a
variable resistance memory having at least two resistance states, which define two

_respective logic states,



WO 2006/ 091480 PCT/ US2006/ 005618 [0004] One exenpl ary PCRAM device uses a
germani um sel enide (i.e., GexSeloo.x) chal cogenide glass as a backbone

al ong wi tHO3P06(8HM3Q Ag) and silver selenide (Ag2+, ' xSefCTESPEIS6H anpl e
U S. Patent Application Publication No. 2004/0038432, assigned to M cron

ui t a0P0Hor | ns s prtpl BRI RS BB SRR e througn the
chal cogeni de glass Iayer for silver ions to nove into, other

non- sidasémbpaad gms de aPatkbordl dof@ witlesiliegi (Aaf)aad sileensddenide certain
di sadvant ages assom ate W th silver use. For exanple, use of

sil ver-containing corrpounds/ al l oys such as Ag2Se may |ead to -a oneration
pr obl dAgzi+e). nteeHoraxaaple bieS.IRajenti Agpligationd iiisrEend¥e-¢0 W%é&iaevi ces

cannot wi thstand higher pr ocessing tenperatures, e.g., approaching 260C and

hi gher, thermal nobility in GexSei oo-x conpared to
e 4 MRbrolf Tedio e i

silver® €s are less toxic than the

si | ver - chal cogeni des. [0006] Research has been conducted into the use of
thin films of SnSe (tin selenide) as swi tching devices under the

appl i de005jn of Alvedbuglyehepsitvapichalcogenidesnatierialsfare suithbletfos atsistingfinund t hat
a 580 A SnSe fil m shows non vol atil e sw tching bet vveen a hi gher resistance

state asurable. in and a | qwer r nces asyrahl e in kChm
when stae oimafion of a sondu @\%L&\seusbeb ?hﬁﬁggeé\a &glas fost SR (e.g.,
a dendrite). Also, the addltlon of Sn to a GexSeioo. glass, whichis a

chal C98RE1IR0GEEIP, ohA RERRNAUNLRd S BacGRe FRABEMISTHAY BB dRirdfie® N o

because of certain disadvantages associated with silver use. For example, use of
silver-containing compounds/alloys such as Ag:Se may lead to agglomeration
problems in the PCRAM device layering and Ag-chalcogenide-based devices cannot
withstand higher processing temperatures, e.g., approaching 260°C and higher. Tin
(Sn) has a reduced thermal mobility in GexSewex compared to silver and the tin-

chalcogenides are less toxic than the silver-chalcogenides.

[0006] Research has been conducted into the use of thin films of SnSe (tin
selenide) as switching devices under the eppﬁcation of a voltage potential across the
film. It has been found that a 580 A SnSe film shows non-volatile switching between
a higher resistance state (measurable in MOhm) and a lower resistance state
(measurable in 1'<Ohm) whien potentials of 5-15 V are applied by forming an Sn-rich
thatetial (eg 2 dendrite). Also, the addition of Sn to a GexSeww- glass, which is a
chalcogenide glass, has been found to produce memory switching if a high enough
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potential, e.g., >40 V, is applied across the chal cogeni de gl ass. However,
such switching potentials are too high for a viable nenory device. [0007]
One ti me woeepsaodbl e (OTP) nenory cells are known and REVAS2086/045618
applications. A typical OTP nenory cell may function as a fuse or an

conne PRl fgaeho 7 IS FRB AR L ApgPitER faqeh HoRErB ST Noving a

fuse, a charge sent through the colum line will pass through the intact

fuse istvith@gd potentialsoire 4oe b for a viable memiocpidenirea val ue of 1. To change
the value of a cell to 0, a specific amount of «current is applied to the
cell to bumout the fuse. In a cell having an antifuse, the initial

unprogranmred state a 0, and the_cell_is progranped to a 1 stgte. Once the
converlditaal orPratime wpgrwwiw@"&f,’) mﬁggpgry&ﬁ pargknRyaSed have
reprogramed, [0008] Accordingly, it is desired to have a resistance

i o ToPh e RES A bpIIOTY SnB bnald loh oS B ala oo be

reprogramed at | east once after an initial progranm ng. SUVVMARY [0009]
Ex enplaatifusniindi mentory afevidesapplicationmuchraofrisd or antifustsnay de cappedted us f or
providing a nenory device that can be programred a |limted nunber of tines.

Accor gi to ex | ary enpodi nents, a menor ice and its method ,of
o o hebilesss o f ha Tk S st iifsg Io 8 neloey s ThatRebes & Ease 0f a
chal cogeni de 3 WO 2006/ 091480 PCT/ US2006/ 005618 or gernani um conpri si ng
mat er kol R&OIiMA Hid will h&thiodsh Bdintdte fefCiaNdcell to a grounded row

line indicating a value of 1. To change the value of a cell to 0, a specific amount of
current is applied to the cell to burn out the fuse. In a cell having an antifuse, the
initial unprogrammed state a 0, and the cell is programmed to a 1 state. Once the

conventional OTP cells are programmed, they cannot be erased or reprogrammed.

[0008] Accordingly, it is desired to have a resistance variable memory element
which can act as an OTP or OTP-like memory cell. Additionally it is desirable to
have such a memory element that can be reprogrammed at least once after an initial

programming,.

SUMMARY
{0009] Exemplary embodiments of the invention provide methods and

apparatus for providing a memory device that can be programmed a limited number
of times. According to éxemplary embodiments, a memory device and its method of

formation provide a first eléctrode, a second electrode and a layer of a chalcogenide
' 3



el ectrode. The nenory device further includes a tin-chal cogenide |ayer

bet ween the chal cogeni de or germanium conprising material |ayer and the
second elVé@R¢06/81480 [ 0010] The above and ot her features BREUSHPSHASAYes of the
invention will be better understood fromthe follow ng detailed

i o S B By BhE e P SRR IR S AR PEPREBRY 20 ot ner

advant ages and features of the invention will beconme nore apparent fromthe
det ai | edelteede rThd memardy desécpluather éndlodesye linschapeogenitbedlalper betweienithe ef er ence
to the acconpanying drawings in which: [0012] FIG 1 illustrates a cross

sectional view of a nemgry el enent accor di to exenpl ary epbodi nent of
The. | FRlaESTIS oraeTR R CIRPBBNg G eriah et rod he SEOMG Hrctiedie of f he
menory element of FIG 1 at different stages of processing; [0014] FIG 3
illustrates a cross sectional view of a nenory el enment according to another

exenpl ghygemod hb&Fe AtE otHeY 9E ALY arlOfRInt & €3 ofthé ISR RAI Be CT 0SS

i
sectional “view o?ﬁg menory el ement accordi ng %;% anot her exenpl ary
enbodi nent of the invention; 4 WO 2006/ 091480 PCT/ US2006/ 005618 [0016] FI G
5 i || eattextuasleastoodSsomdbe fallaving detaidéd desnziphion, sthédeis providediinng to
anot her exenpl ary enbodi nent of the invention; and [0017] FIG 6 illustrates

a procceo%%%rcﬁcsn){%i aecgc%{)%{pr]a%yﬁfgayaﬁﬁeggpl ary enbodi nent of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The foregoing and other advantages and features of the invention will
become more apparent from the detailed description of exemplary embodiments

provided below with reference to the accompanying drawings in which:

[0012] FIG. 1 illustrates a cross sectional view of a memory element according

to an exemplary embodiment of the invention;

[0013] FIGS. 2A-2D illustrate cross-sectional views of the memory element of

FIG. 1 at different stages of processing;

[0014] FIG. 3 illustrates a cross sectional view of a memory element according

to another exemplary embodiment of the invention;

[0015] FIG. 4 illustrates a cross sectional view of a memory element according

to another exemntplary embodiment of the invention;



DETAI LED DESCRI PTI ON [0018] In the follow ng detail ed description, reference
is made to various specific enbodi nents of the invention. These enbodi nents
are descrwbeacdbewnidso sufficient detail to enable those sPCIIUSA006/036ME art to
practice the invention. It is to be wunderstood that other enbodi nents may

ray bOURAE i ¢ el upiEpleR bt MR yiew O FRm AR AdbRlme P00

[0019] The term "substrate" used in the foll ow ng description may include

any supaesthenexdhplaey efrtbodiglent bfithe ihvéntiar; andvi t ed to, a sem conduct or
substrate that has an exposed substrate surface. A sem conductor substrate
shoul d be understood to include silicon-on-insulator (SA),

silicon-on-sapphire (SOS), doped and undoped sem conductors, epitaxial
| ayer 80071 si i cBi. Fﬁatf%f%Ero&eﬁf‘%éYStg’é"ng‘@BFfi‘%tthanfed@HHﬁﬁYon, and ot her

sem conductor. structures. VWhen reference is nmmde to a seni conduct or

substE %dﬁgleﬁ‘?(f) eiiﬂvéxg't? 4ol low ng description, previous process steps”
iitay have been utillze ?o formregions or junctions in or over the base

sebiicoriduktor or foundation. The substrate need not be
sem conduct or - based, but 5 WD 2006/ 091480 PCT/ US2006/ 005618 may be any
support structure suitabl eDETFARERpDRSCRIBPFIONt egrated circuit, including,
but not limted to, netals, alloys, glasses, polyners, ceramcs, and any
ot her [@QBpor t i vin thee folloating aketailedkdeseriptiont teferente igmedeto Famowser m "tin" is
intended to include not only elemental tin, but tin with other trace netals
or- | gpé’c%cl: grlﬁ%oghhg t%dofq:ﬁ%ye%tt{o%?sfhvéﬁsé Qm tolgl%err{%ta%lesde%csribed with

sufficient detail to enable those skilled in the art to practice the invention. Itis tobe

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.

[0019] 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, preﬁous

k p’r‘o'éesé steps ﬁiay have been utilized to form regions or junctions in or over the base
Séﬁﬁcgﬁdﬁétor or "fo'uhdaiﬁon. The sgbstrate need not be semiconductor-based, but
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known in the sem conductor industry, as long as such tin alloy is
conductive, and as long as the physical and electrical properties of the
tin remai WORHBMPE8d. [0021] The term "tin-chal cogeni de'PGTEUS2H64830d8 t o

i nclude various alloys, conpounds, and mxtures of tin and chal cogens

(e.g. ma?%é aty §ipport shibtutestiftable fob Shpporiting dnlittegrB@ Dk, (Po) . and oxygen
(0)), includi‘ng 'sone speci es which have a slight excess or deficit of tin.
For exanple, tin selenide, a species of tin- chal cogenide, may be

r epr euhindingobhut net limited 40, metals:|adlogs glagses, olymiesyu garamaics, anel any | i ni ted by
a particular stoichionmetric ratio between Sn and Se, devices of the present

i nvent j;on i.cal i I b speci es where x ranges between
about °1'%4 3#@8%%(4 éa?%éﬂf?%ﬁg%mec%1 cogeni de material, "' chal cogeni de
gl ass” or "crystalline chalcogenide" is intended to include materials,
including glass or. crystalline materials, that conprise an el enment from
group[0028] (or gThdpgerhh)tiaf if itended adincludeaidteonlGetumenthtigl mrteht s, al so
referred to as chal cogens, include sulfur (S), selenium(Se), tellurium
(Te), pqlonium (Po), and oxygen (Q). anpl es, of 6, WD 2006/ 091480

PCT/ U¥Aboeiss teee me;tﬁ@m,rdgém%ls p§?§§@$ﬁﬁé}%@@?&er@s@fs S, I1nSe, and

SbSe, all with various stoichionetries. [0023] The invention is now

| ai |t . , Con
erbodi AErii e sErRERs R daRy) A1cRY as SIL Bin dllchHS KoRUARIEARITY
features. FIG 1 shows an exenplary enbodi nent of a nenory el enent 100

const lorgg agitherplasioal dadebedticd] prbperties of thetin rdimairelindeartgefi00 shown in FIG
1

[0021] The term “tin-chalcogenide” is intended to include various alloys,

compounds, and mixtures of tin and chalcogens (e.g., sulfur (S), selenium (Se),

tellurium (Te), polonium (Po), and oxygen (O)), including some species which have

a sﬁght 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 Sni+Se species where x ranges between

about 1 and about 0.

[0022] The term “chalcogenide material,” “chalcogenide glass” or “crystalline
chalcogenide” is intended to include materials, including glass or crystalline
thaterials, that comprise an element from group VIA (or group 16) of the periodic

" Eéble. Group VIA elements, also referred to as chalcogens, include sulfur (S),

selenium (Se), tellurium (Te), polonium (Po), and oxygen (O). Examples of
6



I's supported by a substrate 10. Over the substrate 10, though not
necessarily directly so, is a conductive address line 12, which serves as
an i nt er c¥AREKY0HABP t he el enent 100 shown and a pl ur al iPGI/ER0GIAEAS S| i | ar

devices of a portion of a nenory array of which the shown elenent 100 is a

par t. chdlcd fildtbfalk ndlide TeaeSeIGER) ThSd and SSeLaRWitiovariy@ 11 between
the substrate 10 and address line 12, and this nay be preferred if the

substrate 10 is sem conductor-based. The conductive address line 12 can be
any netoighiemelnigdwn in the art as being useful for providing an interconnect
| i ne, such as doped polysilicon, silver (Ag), gold (Au), copper (Cu),
tungsten (W, nickel (N), alumnum (A), platinum(Pt), titanium (Ti), and

ot her rialss OfsY & {]43@6",, | i 6, which is
defi nédﬁéft hi n yr} i nsetﬂtfg?ll 1%31%%38/ a : &tﬁirg%rlérégeat{ogtigeof\@? {’&gﬁg}édr ess line
12. This electrode 16 can be any conductive material that will not mgrate

i nt o ilhstiaty exemiplate enttidekithehed avd througheupwiiar Likd yefetemeg stienbefsy . The.
i nsulating | ayer 14 can be, for exanple, silicon nitride (Si3N4), a |ow

di el ectyic constant ial, an insulatin | ass, or.an insul ating, polyner,
but | § Sicale G e 00e JUCPE PGB OO CRUOIRRERT o MSROH R ol 3 A
shown in FIG 1, an optional insulating |ayer 11 can be between the address

l'ine 1gp %lﬁ;c e&%%?ﬁ(?&c%%&t @%Ve%nﬁqﬂyéleﬁhﬁ% sHRPn § FR3.1 the

portion stores ormati on formed over the first electrode 16. In
t he enbodi nent shown in FIG 1, a chalcogenide material l[ayer 18, for

exanplssuppertesihyasubsteatedd. (Beersbe substyate 0, fomghdurt neeessatiljedireetiyt

el ectrode 16. The germani um sel enide may be within a stoichionetric range

of abgyts 23RT O vd 2a R tinSIORBIR: el 65 S'EH RARBRASHTBE Bld Aement
100 shown and a plurality of other similar devices of a portion of a memory array of
which the shown element 100 is a part. Itis possible to incorporate an optional
insulating layer 11 between the substrate 10 and address line 12, and this may be
preferred if the 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 the layer 18 described below, but is preferably

tungsten (W). The ihsulating layer 14 can be, for example, silicon nitride (SisNs), a

low dielecttic constant material, an insulating glass, or an insulating polymer, but is



| ayer 18 may be between about 100 A and about 1000 A thick, e.g., about 300
A thi ck. Lﬁﬁ(ia 18 need not be a single |ayer, but may al so | sed of

! be compri
mul ti pl e WORAO8YEAI de sub-1ayers having the same or di FL&EA06/005618
stoichionetries. The chal cogenide material layer 18 is in electrical

cont afbt Ninitedttb sudh destesiaisg A showoitteFIG.6, anloptional insalating lagenthoary el enment
100 can include a germanium conprising |ayer, which need not conprise a

chal cogeni de terjal, in place of the chal cogenide material |ayer 18.
[OOZSPQ&WGQ’E%G@@@W ﬁ%ﬂl}éf}@r? stiafg, &Y 18 (or ger mani um conpri si ng

| ayer) is a layer of tin-chal cogenide 20, for exanple tin selenide (Snw xSe,
where x is between about 1 and 0). It is also possible that other

chal Cﬁ@gg]r de maigp Eﬁélﬁ%{f?;y[eﬁfént §g(? @’Eei.,ttﬂé ?grﬁ% }“’Zr%g B0t in¥Sfthaldn)ay! fur,

oxyge tellurrum tin-ch ogeni 0 may be about” 100 A to
about 400 A thick; however, its thickness depends, in part, on the

t hi ckforseddverithe firsteelegtrode th dinchgembisliment shewnlinyG. 188 The ratio of 8
WD 2006/ 091480 PCT/ US2006/ 005618 the thickness of the tin-chal cogenide

| ayer ,2Q to that of .the u r.lyin hal cogeni de .materjal, | ayer 18 shoul d be
| ess FHAACEHY ?nlfﬁ ,1a]gg§¢r?f§£91\),/\g@%nélgogﬁr ; uﬁh%?leﬂ}gﬁt(b >f5§_10f>><5/1§ the ratio of
t he thickness of the tin-chal cogenide |layer 20 to that of the underlying

chal CPH&HHQ& oVet fd fidst bRV 360 TheRRE@AN{UM Belenidtemialbechahfpgeni de | ayer
20 gets thinner as conpared to the chal cogenide material |ayer 18), the

menory el ement 100 may act nore |like an OTP cell. [0026] Still referring to
FI G stoichiomstriorangeraftabout Gesbes to pkoyt GesTred TBieethalepgenidematerial ogeni de
| ayer 20, with silver (Ag) being the exenplary nmetal. This netal

layer 18 may be between about 100 A and about 1000 A thick, e.g., about 300 A thick.

Layer 18 need not be a single layer, but may also be comprised of multiple

chalcogenide sub-layers having the same or different stoichiometries. The

chalcogenide material layer 18 is in electrical contact with the underlying electrode

16. Alternatively, the memory element 100 can include a germanium comprising

layer, which need not comprise a chalcogenide material, in place of the chalcogenide

material layer 18.

[0025] Over the chalcogenide material layer 18 (or germanium comprising
layer) is a layer of tin-chalcogenide 20, for example tin selenide (Sni+Se, where x is .
between about 1 and 0). It is also possible that other chalcogenide materials may be
substituted for selenium, such as sulfur, oxygen, or tellurium. The tin-chalcogenide
layer 20 may be about 100 A to about 400 A thick; however, its thickness depends, in
. part, on the thickness of the underlying chalcogenide material Jayer 18. The ratio of

8



| ayer 22 is about 500 A thick. Over the netal layer 22 is a second el ectrode
24. The second el ectrode 24 can be nade of the sanme material as the first
el ect r od&VaP06MAE8t s not required to be so. In the exeRpl/HPIPOUMHE nent
shown in FIG 1, the second electrode 24 is preferably tungsten (W. The

nvendiei Rttt (5 bt e I DR p o R BrRry iy GetepBhicho g ha
upon application of a conditioning voltage, nmetal ions fromthe tin-

chal cagaavislday@Vi® shifild BeTetBaR aba@gr@s,cag.gib@ﬁwew shotned sndhbditd:s.he
chal cogeni de material |ayer 18. Specifically, the conditioning step .

conpri ses appqlqg/i ng a _potential across the mem)ré el ement struycture of the
devi cAstherafieef thethicknesof te tin-chalcogenide layies 20 sg Hratef theyadedpings

incorporated into the chal cogenide glass |ayer 18, thereby formng a

T U aR AR R e s IRYELS HRoRAR O e A IR RO555 o or out

of that conducting channel during subsequent programrng forns a conductive

pat hwayinnehasdors Stocthe @hhl%@?éﬂﬁkle mgtefial Ayeelhtwomeawryelerhbiet 18ror y
device 100. [0028] Al so, use of a tin-chal cogenide |ayer, such as layer 20
in this and other enbodinents of the invention, offers inproved tenperature
st abi qutmortewé@ aeddriseNy devi ce 100. For exanpl e, devices incorporating
a tin-chal cogenide layer in accordance with the invention have been shown
to function at tenperatures of approximtely 200 C and can have a

Ui RS chal HneeRrhifie P IIG7L M QRO TRl By 208 froviliihe e ces
tin-chalcogenide layer 20, with silver (Ag) being the exemplary metal. This metal
layer 22 is about 500 A thick. Over the metal layer 22 is a second electrode 24. The
second electrode 24 can be made of the same material as the first electrode 16, but is
not required to be so. In the exemplary embodiment shown in FIG. 1, the second

electrode 24 is preferably tungsten (W). The device(s) may be isolated by an

insulating layer 26.

[0027) While the invention is not to be bound by any specific theory, it is
believed that upon application of a conditioning voltage, metal ions from the tin-
chalcogenide layer 20 form one or more conducting channels within the
chalcogenide material layer 18. Specifically, the éonditioning step comprises
applying a potential across the memory element structure of the deviée 100 such that
- material from the tin-chalcogenide layer 20 is incorporated into the chalcogenide
g“léss layer 18, thereby forming a conducting channel through the chalcogenide glass

9



containing layers cannot withstand. [0029] In the exenplary enbodi nent of
PIG 1, the conditioning voltage alters the resistance state of the

chal cogeNYQ2005/894480 18 from a hi gh resistance state to aPCHES?UMIES st ance
state. A subsequently applied wite voltage with a | ower energy than that

" overtey S, Mataafs SEioBon AR 1y o B Bl W, ol Relpg Safi '©

avai lable netal 1ions to nove into the conducting channels where they remain
af t er diifiRg WibdeQuErt pRYRanirfingoBved doptiictige pattdysy,iwkichablivays. [ 0030] A
menory eI%neﬁ%gaccoéggﬁg to exenpl ary enbodigents‘%f the invention (e.g.
menory el ement 100) operates as_an OIP or OTP-1ike nmenory elenent. That is,
t he efjble resigsancel dungeracsessthe gremepoderes 19Ge only and 10 WO 2006/ 091480
PCT/ US2006/ 005618 cannot be erased; or it can be progranmed and erased a
limted nunber of tines (e.g., about 20 or fewer tinmes). [0031] As noted

hat 9P2he "GPy ot nt B RERR e e S s 21 A0RP R Sna o =0 1O

decreases, the nenory el enent 100 nay act nore like an OTP cell. It is

bel i estabodlinaénts ofithe ie@entiohhoffers tmprovedteneperatererstdlility fozthe, silver) from
netal |ayer 22 reacts with the tin fromthe tin-chal cogenide |ayer 20. The

resultang, alloy r i.ns condyctive, .thereby, pronpting a lo esi st ance
st at ereé\“]ttﬂﬁeé%?ﬁ)fﬁ eﬁ]%r?éﬁfnﬁi%ie"[l@ﬁ%léﬁmpp IHA @&%iv%f%&m onal
views of a wafer in various stages of fabrication depicting the formation
of T hgBFRIH¥ vitlt TR inveRBoAHEE HeBA shwho function at temperatures of

approximately 200 °C and can have a temperature tolerance in excess of

approximately 300 °C, which devices utilizing a chalcogenide glass and silver-

containing layers cannot withstand.

[0029] In the exemplary embodiment of FIG. 1, the conditioning voltage alters
the resistance state of the chalcogenide layer 18 from a high resistance state to a
medium resistance state. A subsequently applied write voltage with a lower energy
than that of the conditioning voltage can then program the chalcogenide layer to a
lower resistance state. The application of the write voltage causes available metal
ions to move into the conducting channels where they remain after the write voltage

is removed forming conductive pathways.

[0030] A memory element according to exemplary embodimerits of the
invention (é.g., memoty element 100) opérates as an OTP or OTP-like memory

element. That is, the memmory element 100 can be programmed ohe time only and
10



exenpl ary nmethod enbodi mrent of the invention. No particular order is
required for any of the actions described herein, except for those

| ogi cal | yWEHIPIIAY the results of prior actions. AccorRGTgS2pp6/amsé1se t he
actions bel ow are described as being performed in a general order, the
order is exenplary only and can be altered if desired. Although the

f or meannot oé erased;raylibcarebe pyogtanmaed anderasedsh bmited nusibenbfitimes appr eci at ed
that the nmenory el enent 100 can be one nenory elenment in an array of nenory
el erm(nts, bWh%?Q c?ﬁn be.formed concurrently. [0033] As shown by PIG 2A, a
subst\Fgr&@bPYt FLOF FRWSLYINEeSh ovi ded. As indicated above, the substrate 10
can be sem conductor-based or another material useful as a supporting
structure. If desired, an optional insulating |layer 11 maybe formed over 11

WO 206631991480 AYHo{aZR0RPHEG atiBf ThOfIiERIRs b0 theliR-BRIcOgaRAdel Nsul ati ng

| ayer 11 °may be silicon oxide, silicon nitride, or other insulating
materials. Over the substrate 10 (and optional insulating |ayer 11, if

desi rlayer, 20 techabefthetunderlydng ebalcpgenide materipblorgermaniapplayer i a

conductive material, such as doped polysilicon, alumnum platinum silver,

pat ¢ S1orRerBE she blcpAely e 100 RSP Mo s B COTR (R, FPRBUMELAPARE 50 7 ' °

define the address line 12. The conductive material nmaybe deposited by any

t echrjrepueasdivis becurh & Iddause utdtal, 65g.5silNdr frongmetdlday el reapgrwidieposi ti on,
pl asma enhanced chem cal vapor deposition, evaporation, or plating. [0034]
An insulating |ayer 14 is forped qver the address |line 12. The , insulating
|ayertﬁqmncfa¢mﬂbe§n-d@3¢pgﬁm ¢E§{er 8V Wdﬁ%ﬁ@at@ Y EemMSnSRONGHCEVeal | or
ot her '

thereby promoting a low resistance state of the memory element 100.

{0032] FIGS. 2A-2D are cross sectional views of a wafer in various stages of
fabrication depicting the formation of the memory element 100 according to an
exemplary method embodiment of the invention. No particular order is required for
any of the actions described herein, except for those logically requiring the results of
prior actions. Accordingly, while the actions below are described as being
performed in a general order, the order is exemplary only and can be altered if
desired. Although the formation of a single memory element iOO is shown, it should
be appreciated that the memory element 100 can be one memory element in an array

of memory elements, which can be formed concurrently.’

[0033] As shown by FIG. 2A, a substrate 10 is initially provided. As indicated
above, the éu’b‘ét‘rate 10 can be sén_ticohductor-based or anothér material useful as a

éupporting structure. If desired, an optional insulating layer 11 may be formed over
11



i nsul ators known in the art, and nmay be formed by any known net hod.
Preferably, the insulating layer 14 (e.g., silicon nitride) does not allow
tin ion R@ei@shomso AN opening 14a in the insul ating | aper/u$2006/605a8de, f or

i nstance by photolithographic and etching techniques, exposing a portion of
the underlying address line 12. Afirst electrode 16 is formed wthin the
openi g sthstrateyl0f GfHe ojsticnal aystlatirig lagerl U ayebe sitiven baldepsidiconhe i nsul ati ng
| ayer 14 and in the opening 14a. A chem cal nechanical polishing (CW) step

is performed to renove the conductive material fromover the insulating
| ayerniftdde, mrqtheingulating mﬁteﬂiﬂ%l ¥t ihg supgirate mﬁﬁé@%o"\aﬂﬁ&é‘kaéﬁ}g but any

sui tabl e conductive material that will not mgrate into the |ayer 18 can be
used. : : 98¢0 : Q&é!? 8§iﬁl['| FIG 2B, a
chal clggén?%ﬁ%%gy’ﬁéggggéﬁgs feo%)ﬁmfgéQ%\I/E[efr6 t e&?fi?ét e %%trode 16 and
i nsulating | ayer 14. Formation of the chal cogenide material |ayer 18 nmay be

acconqrideivtivte myaterigl, such abteped phlydilidony akmaimping, plbtinapysileer, ggld, The
chal cogeni de material layer 18 is formed, for exanple, to a thickness

bet ween, ahout 1001 and about 1000 e. g. out 300.A thjck..[0036] The
reror StekeloABitutoBi BFete ROTE et B iR nteeh s p i Far. wh ch
need not conprise a chal cogenide material, in place of chal cogenide

Mt er indtanc@¥dth éﬁotdﬁ%é%&%%_hi’c t@éﬁﬁgutaé)weétm U EPHeSAdreb A€ 1278y be
formed by any known tethni que, for exanple, by sputtering. [0037] A

tin-chal cogeni de layer 20 is forned over the chal cogenide material |ayer
18. Thke condudtivieanatenialimaybe sleppsitedhhy oy ftechriguelnamwyn isuthe amt, sueket hod,

e.g., physical vapor deposition, chem cal vapor deposition, co-evaporation,
Sputtgy épqgtering, chemical vapor deposition, plasma enhanced chemical vapor

deposition, evaporation, or plating.

[0034] An insulating layer 14 is formed over the address line 12. The
insulating layer 14 can be silicon nitride, a low dielectric constant material, or other
insulators known in the art, and may be formed by any known method. Preferably,
the insulating layer 14 (e.g., silicon nitride) does not allow tin ion migration. An
opening 14a in the insulating layer 14 is made, for instance by photolithographic and
etching techniques, exposing a portion of the underlying address line 12. A first

" electrode 16 is formed within the opening 14a, by forming a layer of conductive
material over the insulating layer 14 and in the opening 14a. A chemical mechanical
polishing (CMP) step is performed to remove the conductive material from over the
insulating layer 14. Desirably, the first electrode 16 is formed of tungsten, but any

suitable conductive material that will not migrate into the layer 18 can be used.

12



anong ot her techniques. The tin-chal cogenide layer 20 is forned to a

t hi ckness of, for exanple, between about 100 A to abouicE0§ods/obe18K;
however , WQ 2006/6018%hess depends, in part, on the thickness of the underlying
chal cogeni de material layer 18. The ratio of the thickness of the

tin-chal cogenide | ayer 20_to that_ of the underlyjng hal cogeni de materi al
| ayer [A385] s, deéﬁs@@mm%%aﬁhal%&%mé?@atsnai f,;YSéi IBERVEr1: 3 and
about 4:3. [0038] Optionally, a netal layer 22 is formed over the

tin-chal BRQENABILA%End %lea AT 'Wﬁﬁﬁlﬁg@@éﬁ@%&%h\éﬁm (Ag), or

at | easi contarns silver, an WO 2006 1005618 forned
to a preferred thickness of about 300 A to about 500 A The netal |ayer 22
may béaykr8anaete bycanylishechby g stitaive methotefoarexanipl€ds] sputtaringict i ve
material is deposited over the netal layer 22 to forma second el ectrode

24. Sigilar. to the first. electrode 16,, the condquctive.materjal for the
secon&ﬂ?lcgé](cpgﬁ’é‘ Q@M‘%E‘%ﬁ;‘gﬁ%ﬁgﬁe&f Eosrlﬁxpgmqg, o a%&f’ﬁﬂh@%w% el ectrode.
In one exenplary enbodi nent the second el ectrode 24 is tungsten. [0040]

Ref er iggt 100 Kl46d Aoutaobeele. of afienoo dsirsék, 30 i s deposited over the
second el ectrode 24 layer, nasked and patterned to define a stack 33 of the

menory el enment 100. An etching step is used to renove portions of the

| ayers 18, 20, 22, 24, wth the insulating |ayer 14 used as an etch stop,
| eavi 18038 ack 3Thasnemeny elementd00 carinstead istebide @ gRENABBIN CORPHIFIRG!

| eaving the structure shown in FIG 2D. [0041] An insulating layer 26 is

Lo e Al P h R Sl S, g PNt vt e
material layer 18. In such a case, the germanium comprising layer may be formed by

any known technique, for example, by sputtering.

[0037] A tin-chalcogenide layer 20 is formed over the chalcogenide material
layér 18. The tin-chalcogenide layer 20 can be formed by any suitable method, e.g.,
physical vapor deposition, chemical vapor deposition, co-evaporation, sputtering,
among other techniques. The tin-chalcogenide layer 20 is formed‘to a thickness of,
for example, between about 100 A to about 400 A thick; however, its thickness
depends, in part, on the thickness of the underlying chalcogenide material layer 18.
The ratio of the thickness of the tin-chalcogenide layer 20 to that of the underlying
chalcogenide material layer 18 is, desirably, less than about 4:3, e.g., between about

1:3 and about 4:3.

[0038] Optionaﬂy; a metal layer 22 is formed over the tin-chalcogenide layer

20, The metal layer 22 is preferably silver (Ag), or at least contains silver, and is
13



the formng of connections fromthe defined nenory cell electrodes 16, 24 to
other circuitry of the integrated circuit (e.g., |ogi Cp&f/i§20bd/do¥s18SENSE
anpl i fi ewq) 2086/691¥800f which the nenory elenent 100 is a part. [0042] FIG 3
shows a nenory el enent 300 according to an exenplary enbodi nent of the

i nvention. For the [y ele t 30 t he address; | Lhe 12 n 4

b UiioBned 605 pierering Bitieessahariiiidh A B ySuasiDA. thesectal Boer Pe 16. 11
such a case, the formation of the separate first electrode 16 is onmtted.

[ 0043] hds &,rgﬁﬁ@ 00 according to another
exeml%r}b%g’gggélﬁe?\%};%??%e | verrﬁ{?‘gh. T eafr'rcgrmry el ement 400 is

predom nantly defined by the position of the second el ectrode 24. The | ayers
18, 20, 22 of the nmenory el enent 400 are bl anket | ayers forned.over a

conbi {8BHddr esA condrectivedmeteriad isdepasited ovier tha myetdl lapen 2 todformel y, a first
el ectrode 16 that is separate froman underlying address |ine 12 can be
used, as wit | enen 0Q. (FI.G ln FLG, 4, the second.el ectrode
24 is %ﬁ%eﬂég{;‘ég%ggtspﬁﬁ%@ t&"ﬁg“é‘i %%ﬁ%tr%#g 1@1@%5@13,\(1‘1%91"& Ipﬂgergﬁg?re@g i ne and
el ectrode structure 12/16 is shown parallel to the plane of the page.

[ 0044]seddved bloeabiend Wi Be hhf ntReAAls Rl for@ecotdluctive iel@Eidde, M Shet he
address line and el ectrode structure 12/16 defines the position of the
conductive pathway fornmed during operation of the menory el ement 400. In
thi s Wagmplaey ersbodignent theseensl glactyede Xbis tungsteBeat i on of the nenory

el enent 400.

[0040] Referring to FIG. 2C, a layer of photoresist 30 is deposited over the
second electrode 24 layer, masked and patterned to define a stack 33 of the memory
element 100. An etching step is used to remove portions of the layers 18, 20, 22, 24,
with the insulating layer 14 used as an etch stop, leaving stack 33 as shown in FIG.

2C. The photoresist 30 is removed, leaving the structure shown in FIG. 2D.

[004i] An insulating layer 26 is formed over the stack 33 and insulating layer
14 to achjeve the structure shown in FIG. 1. This isolation step can be followed by
the forming of connections from the defined memory cell electrodes 16, 24 to other
circuitry of the integrated circuit (e.g., logic circuitry, sense amplifiers, etc.) of which

the memory element 100 is a part.

[0042] FIG. 3 shows a memory element 300 according to an exemplary

einbodiment of the invention. For the memory element 300, the address line 12 can -

14



[0045] FIG 5 represents a nenory el enent 500 according to anot her

exenpl ary enbodi nent of the invention. In the illustr | ement

500, thgyo shabaageni de material (or germani um, tin-cﬁ%ﬁ@ggéﬁﬁgééﬁand
optional nmetal layers 18, 20, 22 are forned in a via 28. The via 28 is
formed in an insulating |layer 14 over an address |line and el ectrode

St I UGldd Rrédad the flidecledtt8HE 14 8In glch @8asebtte fosmialionsfthadepdrate first

PCTI US20061005615 WD 2006/ 091480 el ectrode 24, are conformally deposited
over the insulating layer 14 and within the via 28. The layers 18, 20, 22,
24 arleqgndedtris@mibedef i ne a stack over the via 28, which is etched to form
the conpleted nenory el enent 500. Alternatively, a first electrode 16 that
is separate fromthe underlying address |line 12 can be used. Such a separate

| Lhe _ ! _ Such a s
chal Q0BT do °RICCR MR o Frcrlfey el 90 ot R B AREER 00 i et <

descri bed above refer to the formation of only a few possible resistance
var i alxemplrryceribedisnettof $he itotemtien. Theanemodp sleenenitt4f0tie i nventi on, which
may be part of a menory array. It nust be understood, however, that the

Cpi 1 TP RN DRy SO POHBERS! B esh ReBPaRd TG 2 and

operated with menory elenent access circuits. [0047] FIG 6 illustrates a
Pr 0CERSHIthe ¥idrRHhPaemt $00 hRBIHHRS: Iy 18 TBiried BYEFH cbnPhfed Sddress @ MENDIY
devi ce, which enploys resistance variable nmenory elements (e.g., elenents

100, 300, 400, and/or 500) according to the invention. The
line and electrode structure 12/16. Alternatively, a first electrode 16 that is separate

from an underlying address line 12 can be used, as with memory element 100 (FIG.
1). InFIG. 4, the second electrode 24 is shown perpendicular to the plane of the page
and the address line and electrode structure 12/16 is shown parallel to the plane of

the page.

[0044] The location where the second electrode 24 is directly over the address
line and electrode structure 12/16 defines the position of the conductive pathway
formed during operation of the memory element 400. In this way, the second

electrode 24 defines the location of the memory element 400.

[0045] FIG. 5 répresents a memory element 500 according to another
exemplary embodiment of the invention. In the illustfated memory element 500, the
chalcogenide matetial (o; germanijum), tin-chalcogenide, and optional metal layers
18, 20, 22 are forméd ih a via 28. The via 28 is formed in an insulating layer 14 over

an address line and electrode structure 12/16. The layers 18, 20, as well as the second
15



processor system 600, which can be, for exanple, a conputer sgpstem
generallﬁv gcagrwié)es a central processing unit (CPU) 64RCT/E3R0PF/00S614

. 006/091480~ > ° . .

m cropro S8 137 di gital signal processor, or other programmble digital
| ogi ¢ devices, which comunicates wth an input/output (1/0O device 646

commu e 7y e PRt b Eicd 0 QOB S GRS, 05510

controller. [0048] In the case of a conputer system the processor system

600 nmeyia 28.“%@%1@%892[?2@) 240grei et to déefirte 4 bpRYOvET dhe viai2Bewhdcdh and a
conpact disc (CD) ROMdrive 656, which al so conmunicate with CPU 644 over
the bus 652. Menory circuit 648 is preferably constructed as an integrated

i
ci r cuiis etaheddn formithe sempleted memerelement A cAltematimly %ﬁ)ﬁ&ﬂ@paﬁe nts,
e.g., elements 100 (FIG 1). If desired, the nenory circuit 648 may be

ci 7 oul © eGP EERER O fnd iR T bt LodL. SN BendhBOLS] Ger o

illustrative of exenplary enbodi nents, which achieve the features and
advantglgetsodel6 tdrebeforaest in theeatd 2® priokbaltid foatriationasfdhe ehalcbgertidens to
specific process conditions and structures can be nmade wi t hout departing
fromthe spirit and sco of, the present invention. Accordingly, the.

i nventméwrfai(%erﬁb"‘%\é“g tdéred as being limted by the foregoing
description and drawings, but is only limted by the scope of the appended
clainms. 17

[0046] The embodiments described above refer to the formation of only a few
possible resistance variable memory element strﬁctures in accordance with the
invention, which may be part of a memory atray. 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.

[0047] FIG. 6 illustrates a processor system 600 which includes a memory
circuit 648, e.g., a memory device, which employs resistance variable memory
elements (e.g., elements 100, 300, 400, and/or 500) according to the invention. The
processor system 600, which can be, for example, a computer syétem, generally
comprises a central processing unit (CPU) 644, such as a microprocessor, a digital
sighal processor, or other programmable digital logic devices, which communicates

with an input/output (I/O) device 646 over a bus 652. The memory circuit 648

16



CLAIMS What is clained is: 1. A nenory device conprising: a first

el ectrode; a second electrode; a material |ayer of a chal cogeni de or

seni - met alYORPUPII40 hetween the first el ectrode and t hCRECHAB/EFESL r ode:
and a tin-chal cogenide | ayer between the material |ayer and the second

el ectrode, a ratio of the thickness of the tin-chal cogenide |ayer to the

t hi ckay uﬂ{catésﬁﬁltﬂvﬁ-\.kéﬁm 6{&ﬁ8€érﬁiﬁé6m t&?aye?hﬂfb Hinéndry 2. The menory

devi ce alm1 erein e materi al | ses a “chal cogeni de

gl ass. 3. The menory device of claim1l, wherein the material |ayer conprises
a cropmtzller.ne chal cogenide material. 4. The nenory device of claiml1,
wherein the material layer is a layer of germanium 5. The nenory device of
claim1, wherein the material layer conprises ger maniumtel luride. 6. The

menor Vi ce erial a er, co | ses GexSel00- x.
TroiSory dafe2ad8 ota ARPELeh ghilPal A RiSHesssThiseR §04 HU5
stoi chi onetry between about Ge33Se67 to about Ge60Se40. 8. The menory device
of cliptRidb peripHepal daeasuthg adloppyedisk drRie 654 and a compact disc (CD)
ROM drive 656, which also communicate with CPU 644 over the bus 652. Memory
circuit 648 is preferably constructed as an integrated circuit, which includes one or
more resistance variable memory elements, e.g., elements 100 (FIG. 1). If desired, the

memory circuit 648 may be combined with the processor, for example CPU 644, in a

single integrated circuit.

[0049] The above description and drawings are only to be considered
illustrative of exemplary embodiments, which achieve the features and advantages
of the present invention. Modification and substitutions to specific process
conditions and structures can be made without departing from the spirit and scope
of the present 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.

17



bet ween the tin-chal cogenide | ayer and the second el ectrode. 9. The nenory
device*of claiml1l, wherein the netal |ayer conprises silver. 18 10. The
menory device of claim1, wherein said tin-chal cogenide |ayer conprises

Sl +/ - xse, where x is between about tﬂ@g& about 0. 11. The nenory device of
claim1l1, wherein the tin-chal cogeni & er conprises |ayer conprises
tin-telluri dwhatligclaibht@ igrenory device of claim 1, wherein at | east one of the
first and second el ectrodes conprise tungsten. 13. The nenory device of
claim1l1, wherein the second electrode is over the netal-containing |ayer
and conprises silyvar device of claim1l, wherein the materi al
| ayer and the ti nl-'gc %rf‘él‘gélgﬁ‘?%g&q@%ﬁ' are provided within a via in an

i nsul ating | ayer .afirStelé&trederenory device of claim 1, wherein the materi al

| ayer and the tin- cq%l fo&e@i,de | ayer are bl anket | ayers over a substrate,
and wherein the FSEENY ©%H8%% rode defines the location of a nemory el enent.
16. The nenory devh&eriQfayet 8f A@hhicopdnfic®dr Berfi-rhBthiGKRESS befwebntheTREteri al | ayer
and a thickness of the tin-chal cogenide |ayer are such that the nmenory

devi ce is prdeftadeem the gecondipleetepdpamder of tinmes. 17. The menory device of
claiml, wherein a.th t =1 hi ckness of the
ti n-chal cogeni de ﬁqé%éﬂa?éggﬁgeu@%ertbﬁﬁeg%ﬁgy at?dﬁlgl iﬁ%%&%%g@qn&ie i's programed,
it cannot beclestwdediratio of the thickness of the tin-chalcogenide layer to the thickness of

‘the material layer being less than about 4:3.

2. The memory device of claim 1, wherein the material layer comprises a

chalcogenide glass.

3. The memory device of claim 1, wherein the material layer comprises a

crystalline chalcogenide material.

4, The memory device of claim 1, wherein the material layer is a layer of

germanium,

5. The memory device of claim 1, wherein the material layer comprises

germanium telluride.

6. The memory device of claim 1, wherein the material layer comprises
GexSel00-x.

7. The memory device of claim 5, wherein the GexSe100-x has a
stoichiometry between about Ge33Se67 to about Ge60Se40.

8. The memory device of claim 1, further comprising a metal layer

between the tin-chalcogenide layer and the second electrode.

9. The memory device of claim 1, wherein the metal layer comprises

silver.
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18. The menory device of claim1, wherein a thickness of the material |ayer
I s about 300 A and a thickness of the tin-chal cogenide |ayer is between
about 100 A to about 400 A 19. The nenory device of claim 18, fin ther
conprising a netal |ayer between the tin-chal cogenide |ayer and the second
el ectrode, the netal |ayer having a thickness of about 300 A to about 500

A. 19 20. The mpoOTh¢ nekewdirg devite ¢fl chiimn] lwhebialsgidtinachhbogdaidedsyeof the materi al
| ayer is between about 100 A and about 1000 A..  21. The nenory devi ce of
claim1, M%‘PE‘T‘WSSH&/F"(&% whese xihetvesnaRod angpbolt fe ti n- chal cogeni de | ayer
to the thickness of the material |layer is between about 1:3 and about 4:3.
22. A nenory device, conprising: a substrate; a conductive address |ine
over the subst ral.éthegngmerydevpeeficlamd, whereinthetiv-ehadtogenidelazidr ess |ine; a

crystalli nggﬁpﬁ%gﬁ)%%éroq%p\;g?g&r_{eﬁ{lri&eayer over the first electrode; a

tin-chal co e crystalline chal cogenide material |ayer;
and a second el ectrode over the tin-chal cogenide |ayer. 23. The nenory

device of claim?2 further, conpri sing netal |ayer _ _between the
tin-chal cogeni dé21 Hifdnemony deyiee %éi”d‘ﬁd’@’ﬁ%ré’t“r%tféﬂ OQZPfthﬁglf%&@ngy devi ce of
claim22, vwhengeRcRodelbokpeRsuihtehne crystalline

13. The memory device of claim 1, wherein the second electrode is over

the metal-containing layer and comprises silver.

14, The memory device of claim 1, wherein the material layer and the tin-

chalcogenide layer are provided within a via in an insulating layer.

15. The memory device of claim 1, wherein the material layer and the tin-
chalcogenide layer are blanket layers over a substrate, and wherein the second

electrode defines the location of a memory element.

16. The memory device of claim 1, wherein a thickness of the material
layer and a thickness of the tin-chalcogenide layer are such that the memory

device is programmable a limited number of times.

17. The memory device of claim 1, wherein a thickness of the material
layer and a thickness of the tin-chalcogenide layer are such that once the memory

device is programmed, it cannot be erased.

18. The memory device of claim 1, wherein a thickness of the material
layer is about 300 A and a thickness of the tin-chalcogenide layer is between
about 100 A to about 400 A.

19. The memory device of claim 18, further comprising a metal layer
between the tin-chalcogenide layer and the second electrode, the metal layer
having a thickness of about 300 A to about 500 A.
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chal cogeni de material |ayer and a thickness of the tin-chal cogenide |ayer
are such that the nenory device is programmable a limted nunber of tines.
25. \The nmenory device of claim22, wherein the ratio of the thickness of
the tin-chal cogenide |layer to the thickness of the crystalline chal cogenide

material layer 08, TiRSHehbAedbobt clftind, whbrein/y tHRRBYSY of@¥ nfa@riaConpri sing: a
substrate; a conductive addreis | ine over the substrate; a first el ectrode

over the condiéisibpbvesagbedd 0P Arad abept 4800Ani um | ayer over the first

el ectrode; a tin-chal cogenide |ayer over the germanium |l ayer; and a second
el ectrode over the netal -containing |ayer. 20 27. The nenory device of claim
26, further conpiilsThegmemonytdavice afdaim lpehevemrthe ratiotof thedhickmesy@ni de | ayer and

(1, pecond, oot R et o T RS e RS TR, 2, 1 1S

such that thesamiayoMt 4-device is progranmmable a [imted nunber of tines. 29.
The nmenory device of claim 26, wherein the ratio of the thickness of the
tin-chal cogenide |ayer to the thickness of the germaniumlayer is |less than

about 4:3. 30, A2@TR%?&1§09§d§M§et,§5ﬂmpr?sﬂ{ﬁpri sing: a processor; and

a substrate;

a conductive address line over the substrate;

a first electrode over the conductive address line;

a crystalline chalcogenide material layer over the first electrode;

a tin-chalcogenide layer over the crystalline chalcogenide material layer;
and

a second electrode over the tin-chalcogenide layer.

23. The memory device of claim 22, further comprising a metal layer

between the tin-chalcogenide layer and the second electrode.

24, The memory device of claim 22, wherein a thickness of the crystalline
chalcogenide material layer and a thickness of the tin-chalcogenide layer are such

that the memory device is programmable a limited number of times.

25. The memory device of claim 22, wherein the ratio of the thickness of
the tin-chalcogenide layer to the thickness of the crystalline chalcogenide material

layer is less than about 4:3.

26. A memory device, comprising:

a substrate;

a conductive address line over the substrate;

a first electrode over the conductive address line;

a germanjum layer over the first electrode;

a tin-chalcogenide layer over the germanium layer; and

a second electrode over the metal-containing layer.
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a nenory device configured to be programmable a |imted nunber of

tines,

the nmenory device conprising: a first electrode; a second el ectrode; a
| ayer of a chal cogenide or sem -netal material between

mat eri al

el ectrode and the second el ectrode;

mat eri al

the first

| ayer he second. electr a ratio.of the thickness of the
ti n- chal cogeni d%&b%?‘e%%%&“?ﬁ?elewhg?‘fﬁl?f f?ﬁ’é‘l’rﬁéﬁg@rmgﬁl IF‘%Fg?er bei ng | ess
t han about Wétweendhe tid-BRaldVRRIES BYEr b HeaBeddl efe@bdd. 30, wherein the nateri al

| ayer conprises a chal cogeni de gl ass.

wherein the material |ayer conprises a crystalline chal cogenide material.

33. The brocessofs IhehRR0R ablcbloftiifh aGkRls hiniBLEIERmhdYAT |5 2 | aver

of germanium 3

ocessor systemo furt

r conprising a

met al | ayer layéremde drickress dfithe tidrelialrogemdedeydr aressuckathdt thhemeswgond el ect r ode.

35. The pro
36.

sil ver.
acts of.

essar _system.of ¢l aim 34, erein the netal |ayer conprises
gwlﬁ?éfﬁré?é’ag’fm%bgerarﬁcuﬁge@q‘i’g?%? %Evi ce, the nethod conprising the

provi di ng a substrate;

29. The memory device of claim 26, wherein the ratio of the thickness of
the tin-chalcogenide layer to the thickness of the germanium layer is less than
about 4:3.

30. A processor system, comprising:
a processor; and
a memory device configured to be programmable a limited number of
times, the memory device comprising: |

a first electrode;

a second electrode;

a material layer of a chalcogenide or semi-metal material between
the first electrode and the second electrode; and

a tin-chalcogenide layer between the material layer and the second
electrode, a ratio of the thickness of the tin-chalcogenide layer to the

thickness of the material layer being less than about 4:3.

31. The processor system of claim 30, wherein the material layer

comprises a chalcogenide glass.

32. The processor system of claim 30, wherein the material layer

comprises a crystalline chalcogenide material.

33. The processor system of claim 30, wherein the material layer is a layer

of germanium.

34. The processor system of claim 30, further comprising a metal layer

between the tin-chalcogenide layer and the second electrode.
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and a tin-chal cogeni de | ayer between the

32. The processor system of claim 30,
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formng a first electrode over the substrate; form ng a second el ectrode
over- the substrate; formng a material |ayer of a chal cogenide or sem -netal
material, wherein the material layer is |ocated between the first el ectrode

and the seoond qhoptrades.o At 8FJTG LB SALEROEN e LaeT o be

| ocat ed bet ween erl a ayer the materi al
| ayer and tsieert i n- chal cogeni de | ayer formed such that a ratio of the

t hi ckness of the tin-chal cogenide |ayer to the thickness of the nmateri al
| ayer is |less than about 4:3. 37. The nethod of claim 36, wherein formng

the material |agerA emydcFesmidOd MbRbrydelioy, e GORBI tsthfidin tkhal cogeni de
glass. 38. The method of claim36, wherein formng the material |ayer

conprises #®©fi ng a | ayer conprising a crystalline chal cogenide naterial .
39. The net hod cl: erein formng the material layer conprises

formng a | ayer%(%vgdlgé %&%ﬁtﬁ%@h4o The met hod of cl aim 36, wherein form ng
the material | afmnin:gmﬁrstsle&:rodéovmth@uhstfaw]er conpri sing germani um

telluride. 41. The.nethod é) gh \A/E%éeln formng the material |ayer
conmpri ses fornitfigas f &5Pap 518‘??{5’2?81’% CEEREB%H0- x. 42. The method of claim
41, wherein thef zlﬁﬁtel‘lall% Jrefmmgymwo@em@h@tamaeﬁmt WerBiet Ween about
Ge33Se67 t o about 0Se40. 2% 43. The net hod of claim 36, further

conpri sing the)mp(ﬁengl layerist lgsat¢dgepreen the first electrode and the second electrode
and

forming a tin-chalcogenide layer to be located between the material layer
and the second electrode, the material layer and the tin-chalcogenide layer formed
such that a ratio of the thickness of the tin-chalcogenide layer to the thickness of

the material layer is less than about 4:3.

37. The method of claim 36, wherein forming the material layer comprises

forming a layer comprising a chalcogenide glass.

38. The method of claim 36, wherein forming the material layer comprises

forming a layer comprising a crystalline chalcogenide material.

39. The method of claim 36, wherein forming the material layer comprises

forming a layer of germanium.

40. The method of claim 36, wherein forming the material layer comprises

forming a layer comprising germanium telluride.

41. The method of claim 36, wherein forming the material layer comprises

forming a layer comprising GexSe100-x.

42. The method of claim 41, whereiﬁ the GexSe100-x is formed having a
stoichiometry between about Ge33Se67 to about Ge60Se40.
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bet ween the tin-chal cogenide | ayer and the second el ectrode. 44. The net hod
of claim36, wherein formng the netal |ayer conprises formng a silver
conprising layer. 45. The nmethod of claim 36, wherein formng the

ti n:chal cogeni de r4 f 1 . k h-xSe, where xis
bet ween about 1 %iﬁgxgl%nc%l}%agﬁdaﬁrg.%’%ﬂ&ng%l u%)f/f&([:r?@é %ﬁ%ﬂ ‘%?ﬁ‘gr ein form ng
t he ti n- chabeegenthe énichylesgenidle tgyet awlshd seeandredecirollayer conpri si ng

tin-telluride. 47. The nethod of claim 36, wherein at | east one of the first
and second electrodes are fornmed conprising tungsten. 48. The nethod of

claim36, wherei ggksetlodloPcRin 96, WiRreiRiophinglthd ﬁyt@rla{éﬁgmbﬁ@s _
tin-chal cogenide | ayer conprise formng the material |ayer and the tin-

chal cogeni dérminges silygrqomprisiigddisesses such that the nenory device is
programmable a limted nunber of times. 49. The nmethod of claim 36, wherein
acts of formng the material layer and the tin-chal cogenide |ayer conprise
form ng the mat e43.8he heestexd ofiokinh BE, vherein folnalngabpetin-clealdogyrdde lageri ng

t hi cknesses such that.once th [ evice.is rogr , 1t cannot be
erased. 50. “9RRFSTR %ngd"fla%qré’?ﬁ{‘ng%%s é‘mlstbﬁﬁ”eﬁgf‘ ti%&%ﬂ?&? is formed

having a thickness of about 300 A and the tin-chal cogenide |ayer is fornmed
having a thickness between about 100 A to about 400 A 51. The nethod of
cl ai m 50, furt he#6.dbaprethodred claon 36, rwhezeinforming thejreehaldpgenidelayarhe

i ng a1 neappde DYt bR Rl iR oo, 11O o1 e e Torme

47. The method of claim 36, wherein at least one of the first and second

electrodes are formed comprising tungsten.

48. The method of claim 36, wherein acts of forming the material layer
and the tin-chalcogenide layer comprise forming the material layer and the tin-
chalcogenide layer having thicknesses such that the memory device is

programmable a limited number of times.

49. The method of claim 36, wherein acts of forming the material layer
and the tin-chalcogenide layer comprise forming the material layer and the tin-
chalcogenide layer having thicknesses such that once the memory device is

programmed, it cannot be erased.

50. The method of claim 36, wherein the material layer is formed having a
thickness of about 300 A and the tin-chalcogenide layer is formed having a
thickness between about 100 A to about 400 A.

51. The method of claim 50, further comprising forming a silver layer

between the tin-chalcogenide layer and the second electrode, the silver layer
formed having a thickness of about 300 A to about 500 A.

52. The method of claim 36, wherein the material layer is formed having a
thickness between about 100 A and about 1000 A.
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52. The nethod of claim 36, wherein the material layer is fornmed having a

t hi ckness bet ween about 100 A and about 1000 A 23 53. The nmethod of claim
36, wherein the tin-chal cogenide |ayer and the material |ayer are forned
such that the ratio of the thickness of the tin- chal cogenide |ayer to the

t hi ckness of the material |ayer is between about 1:3 and about 4:3. 54. The
met hod of cl ai m 3%, The methodrof chainp 86, svheeipthe vinethalgogenidedajeearsl the ne

el ectricall onpect ed th.the first electrode. 55..The nethod of claim 36,
wher ei n the%ﬁlietn y‘?rc?fehﬁl‘\)n eq?’flgﬁ#}até‘f’ra&o ?ﬁ}eotglgﬁneé%?&)tp? Elé's form ng a conbi ned
address | i nehsitopehidothgesib thecthickfess bftthe harriateayen ¢ tetwaehabsat 3B andher ei n t he

acts of fornpng the material |layer and the tin-chal cogenide |ayer conprise
bl anket - depgéq"gl""nq’g the formng the nmaterial |ayer and the tin-chal cogenide

| ayer. 57. The method of claim56, further conprising the act of etching
formng the material layer and the tin-chal cogenide |layer to forma
vertical stack. 58 ThemethostdfctiinB6findhanc@6prifing proeidinganpddessdgef orming a vi a

within an ipsul ating | r in t acts of formng the material |ayer
and the ti n-eESﬁﬁﬁboﬁ)gﬂ?cggéFW%ﬁg?%%ﬁ%?tf@g' forming the material |ayer and the
tin-chal cogenide layer within the via. 59. A nethod of formng a nenory

el ement, the nethod conprising the acts of: providing a substrate,;
55, The method of claim 36, wherein the act of forming the first electrode

comprises forming a combined address line/electrode structure.

56. The method of claim 36, wherein the acts of forming the material layer
and the tin-chalcogenide layer comprise blanket-depositing the forming the

material layer and the tin-chalcogenide layer.

57. The method of claim 56, further comprising the act of etching forming

the material layer and the tin-chalcogenide layer to form a vertical stack.

58. The method of claim 36, further comprising forming a via within an
insulating layer, wherein the acts of forming the material layer and the tin-
chalcogenide layer comprise forming the material layer and the tin-chalcogenide

layer within the via.

59. A method of forming a memory element, the method comprising the
acts of:

providing a substrate;

forming a conductive layer over the substrate;

forming a first electrode over the substrate;

forming a first insulating layer over the conductive layer and the substrate;

forming an opening in the first insulating layer to expose a portion of the
conductive layer in the opening;

forming a material layer in the opening and over the first electrode, the

material layer being a chalcogenide material or germanium;
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form ng a conductive |ayer over the substrate; formng a first el ectrode
over ‘t-he substrate; formng a first insulating |ayer over the conductive

| ayer and the substrate; formng an opening in the first insulating |ayer
to expose a portig0 COI’lde 94 formng a

aye ni.n
material |ayer 3?1'1:'1 auﬁ‘écﬁlfﬂr?&ge%&q@%}nthép anlgsaflg1 V%c?r%gg the materi al
| ayer bei nglagerpfhahmeegﬁhlagler am&tthytinaéha&bg@ﬁrerrmr ﬂjﬁne&éudhahamrﬂglo&)f

tin-chal cog n a int enin mat er i | ayer, the
nat eri al §‘§ gﬂ’ﬂ S%/‘fféh @EFQBQ‘B@%IH "’déoﬁ %S“‘F ﬁé‘&?‘gﬂ%ﬁﬂ‘ﬁ’a‘f 153 ratio of
the thi cknepfcgs@;nm@qﬂgn chal cogeni de |l ayer to the thickness of the material

layer is less than about 4:3; forni ng a second el ectrode | ayer over the
ti n- chal cogeni deforraipga:second glectipdedayer prees khedineghalchgenidedayrt: el ectr ode | ayer;

etching the mate I;rbﬁdmlggdyr%[sk88Qq}%§e@0§c{1%&d89?eﬂg%e | ayer, and the second

el ectrode to forma aim59, wherein the act of
form ng the mat estthdhg thayieaterial lapgat the @a-chalcagenide ayefhahdthgeetodd gl ass | ayer.
61. The matg od of c a|m59 wherein the act of form ng the material |ayer
conprises f F’?ﬁoﬁﬁ 1|ne chal cogeni de material |ayer. 62. The nethod
of claim59, V\/nereln the act of formng the material |ayer conprises
formng a germanium | ayer. 63. The nethod of claim59, wherein acts of
form ng the mat e$0. The mathod of claim 59, wherein the act of forming the material layer

comprises forming a chalcogenide glass layer.

61. The method of claim 59, wherein the act of forming the material layer

comprises forming a crystalline chalcogenide material layer.

62. The method of claim 59, wherein the act of forming the material layer

comprises forming a germanium layer.

63. The method of claim 59, wherein acts of forming the material layer
and the tin-chalcogenide layer comprise forming the material layer and the tin-
chalcogenide layer having thicknesses such that the memory device is

programmable a limited number of times.

64. A method of forming a memory device, the method comprising the
acts of:

providing a substrate;

forming a first electrode over the substrate;

forming a second electrode over the substrate;

forming a crystalline chalcogenide material layer, wherein the crystalline
chalcogenide material layer is located between the first electrode and the second
electrode;

forming a tin-chalcogenide layer, wherein the tin-chalcogenide layer is
located between the chalcogenide material layer and the second electrode; and

forming a silver laygr, wherein the silver layer is located between the tin-

chalcogenide layer and the second electrode.
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and the tin-chal cogenide | ayer conprise formng the material |ayer and the
tin-- echal cogeni de | ayer having thicknesses such that the nenory device is
progranmable a limted nunber of tinmes. 64. A nmethod of forming a nmenory
devi ce, the nethod conprising the acts of: providing a substrate; formng a
first electrode over the substrate; formng a second el ectrode over the
substrate; formaigTh methed af ¢laineo4; habenghacrgisaliing eialmigenidymateriather ei n t he

crystalline chal cogenide material |agyer .is |ogcated bet n the first
el ectrode alﬁ&‘?rtaﬂéalfg@b‘imﬁ_o%‘f l?’@&@ﬁee%%/‘m‘eﬂihﬁb‘nﬁﬁ’t“? 9§§ﬁ%§uﬁm€§@ﬁ e |layer,
wher ei n t hepbhfryGiedice RaRodaiRnaBkaNintifed nh@b&toF@nket ween the chal cogeni de
material |ayer and the second electrode; and formng a silver |ayer,

wherein the silver layer is |ocated between the tin- chal cogenide | ayer and

t he second el ectérépilﬁ? mgﬁ‘gggﬁdgi%éﬁétﬁgﬁtﬂé %’gk@%‘? gﬁ% ¢ & Slithet he crystalline

chal cogeni de materi a I'n-c ayer are forned

havi ng t hi cipesitinscimitogedifainatelid layeram formgd svuchahatshepatig oftheabl e a |1 m ted
nunber of times. 66. The nethod qf clajm 64, wherein the tin-chal cogenide

| ayer and t%nin?,s??&héltanql%lc%?&}dégﬁ@ﬁfo thickagss g thFﬁVé?anH’Fe formed such that

the ratio ofy clg;genia%%ﬂgqgepfs 1B ehahiabst B3 cogeni de | ayer to the thickness
of the crystalline chalcodenide material layer is |ess than about 4:3.
67. A method of forming a memory device, the method comprising the
acts of:
providing a substrate;
forming a first electrode over the substrate;
forming a second electrode over the substrate;
forming a germanium layer, wherein the germanium layer is located
between the first electrode and the second electrode;
forming a tin-chalcogenide layer, wherein the tin-chalcogenide layer is
located between the chalcogenide material layer and the second electrode; and
forming a silver layer, wherein the silver layer is located between the tin-

chalcogenide layer and the second electrode.

68. The method of claim 67, wherein the germanium layer and the tin-
chalcogenide layer are formed having thicknesses such that the memory device is

programmable a limited number of times.
69. The method of claim 67, wherein the tin-chalcogenide layer and the

germanium layer are formed such that the ratio of the thickness of the tin-

chalcogenide layer to the thickness of the germanium layer is less than about 4:3.
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67. A'nethod of form ng a nenory device, the nethod conprising the acts of.
providing a substrate; forming a first el ectrode over the substrate;
f.orm ng a second el ectrode over the substrate; form ng a germanium | ayer,
wherein the germanium |l ayer is |ocated between the first electrode and the
second el ectrode; formng a tin-chal cogenide |ayer, wherein the

tin-chal cogenide |ayer is |ocated between the chal cogenide material |ayer
and the second electrode; and formng a silver layer, wherein the silver

| ayer is |ocated between the tin- chal cogeni de |ayer and the second

el ectrode. 68. The nethod of claim67, wherein the germanium|ayer and the
tin- chal cogeni de | ayer are formed havi ng thicknesses such that the nenory
device is programmable a limted nunber of tinmes. 69. The nmethod of claim
67, wherein the tin-chal cogenide |ayer and the germanium/|ayer are forned
such that the ratio of the thickness of the tin- chal cogenide |ayer to the
t hi ckness of the germanium |l ayer is |less than about 4:3. 26 70. A nenory
device conprising: a first electrode; a second el ectrode; one of a

chal cogeni de material and sem -netal material between the first el ectrode
and the second el ectrode; and

70. A memory device comprising;
a first electrode;
a second electrode;

one of a chalcogenide material and semi-metal material between the first electrode and

the second electrode; and

a tin-chalcogenide material between the chalcogenide material or semi-metal material and

the second electrode.

71. The memory device of claim 70, wherein a ratio of the thickness of the
tin-chalcogenide material to the thickness of the chalcogenide material or semi-metal material is

less than about 4:3.

72, | The memory device of claim 71, wherein the ratio of the thickness of the
tin-chalcogenide material to the thickness of the chalcogenide material or semi-metal material is

greater than about 1:3.

73. The memory device of claim 70, wherein the chalcogenide material or

semi-metal material comprises either germanium telluride or germanium selenide.

74. The memory device of claim 70, wherein the tin-chalcogenide material

comprises tin selenide.
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a tin-chal cogenide materi al between the chal cogenide material or sem -netal
material and the second electrode. 71, The nenory device of claim70,
wherein a ratio of the thickness of the tin-chalcogenide material to the

t hi ckness of the chal cogenide nmaterial or sem-nmetal material is |ess than
about 4:3. 72. The nenory device, of claim71, wherein the ratio of the

t hi ckness of the tin-chal cogenide naterial to the thickness of the

chal cogenide material or sem -netal material is greater than about 1:3. 73.
The menory device of claim 70, wherein the chal cogenide material or

sem -netal material conprises either germaniumtelluride or gernmani um

sel enide. 74. The nenory device of claim 70, wherein the tin-chal cogenide
material cordri ses ti iMieeshenogalevieg of Elaind 6, fwethrer oonueisingea metatnatenrl7 0,
further conpriﬁing a netal, material  between the tin-chal cogenide nmateri al

and t he bsB¥esAdbetigchaleegenidegnatenial apd thersgcopel glecrode: ¢l ai m 70, wherein the

netal material conprises silver. 77. The nenory device of claim70, wherein

a thickness of the chal &hgﬁ' eegﬁg%%ﬁ{r?% v%ﬁépe,glhf{ﬁ% ﬂ{aetﬂ%agéﬂa%o;ﬁ@%eé‘

t hi ckness of the tin-chalcogeni material ‘atre su t nmenory devi ce
is progrsiinemble a |imted nunber of tines. 78. The nenory device of claim
70, wherein a thickness of the chal cogenide material or sem-netal materi al

and a thickness of the tin-chal cogenide nmaterial are 'Si%h that _once the
menory device’is progr atheaBempEy dexieg of clsum dP awherein a thickness of the chalcogenide

material or semi-metal material and a thickness of the tin-chalcogenide material are such that the

memory device is programmable a limited number of times.

78. The memory device of claim 70, wherein a thickness of the chalcogenide
material or semi-metal material and a thickness of the tin-chalcogenide material are such that

once the memory device is programmed, it cannot be erased.
79. A memory device comprising:
a first eléctrode;
a second elecirode;

a germanium comprising material between the first electrode and the second electrode;

and

a tin-chalcogenide material between the germanium comprising material and the second

electrode.

80. The memory device of claim 79, further comprising a metal

material between the tin-chalcogenide material and the second electrode.

81. The memory device of claim 79, wherein the germanium

. comprising material is not a chalcogenide.
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79. .A nenory device conprising: a first electrode; a second el ectrode; a
germani um conprising materi al between the first el ectrode and the second
el ectrode; and a tin-chal cogenide material between the germani um conpri si ng
material and the second electrode. 80. The nenory device of claim 79,
further conprising a netal nmaterial between the fin-chal cogenide materi al
and the second el ectrode. 81. The nenory device of claim79, wherein the
germanium conprising material is not a chal cogenide. 28 82. A nethod of
formng a nenory device, the nmethod conprising the acts of. providing a
substrate; formng a first electrode over the substrate; formng a second
el ectrode over the substrate; form ng one of a chal cogenide material and
sem -nmetal rdterial, wharethad dffferminpalnoegeyiddeicegrhe metodamonpeising et ks
material is |ocated between the first electrode and the second el ectrode;
and for%ing a tin-chal cogenide material, wherein the tin-chal cogenide
material is |ocated between the chal cogenide material or sem -netal
material an rgaghéﬁﬁﬁggﬁﬁgec;rode. 83. The nethod of claim 82, wherein the
chal cogeni de" material or Sem - net al

forming a first electrode over the substrate;
forming a second electrode over the substrate;

forming one of a chalcogenide material and semi-metal material, wherein the
chalcogenide material or semi-metal material is located between the first electrode and the

second electrode; and

forming a tin-chalcogenide material, wherein the tin-chalcogenide material is located

between the chalcogenide matetial or semi-metal material and the second electrode.

83. X The method of claim 82, wherein the chalcogenide material or semi-metal
material and the tin-chalcogenide material are formed such that a ratio of the thickness of the tin-
chalcogenide material to the thickness of the ché.lco genide material or semi-metal material is less
than about 4:3.

84. The method of claim 82, wherein the acts of forming the chalcogenide
material or semi-metal material and the tin-chalcogenide material comprise forming the
chalcogenide material or semi-metal material and the tin-chalcogenide material having

thicknesses such that the memory device is programmable a limited number of times.

85. The method of claim 82, further comprising forming a metal material

between the tin-chalcogenide material and the second electrode.

86. The method of claim 82, wherein the act of forming one of a chalcogenide

material and semi-metal material comprises forming a germanium comprising material.
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natdrfal and the tin-chal cogenide material are forned such that a ratio of
the thickness of the tin- chal cogenide material to the thickness of the
chal cogeni de material or sem-netal nmaterial is |less than about 4:3. 84.
The nethod of claim82, wherein the acts of form ng the chal cogeni de
material or sem-nmetal material and the tin-chal cogenide material conprise
formng the chal cogenide naterial or sem-netal material and the

ti n-chal cogenide material having thicknesses such that the nmenory device is
programmable a limted nunber of times. 85. The method of claim82, further
conprising formng a netal material between the tin-chal cogenide materi al
and the second el ectrode. 86. The nethod of claim 82, wherein the act of
form ng one @7. a chal clgemethed offelagh i83] wheteingberict € fermingpbes ofad chakopérides
form ng a germani um conprising material. 29 87. The nethaod of claim 82,
wher ei nmatfaiahand semifraetal matedalcomprisecfoamingfagof germaniwn ftellurida @r Eermanive al
naterialdgggprises form ng one of germaniumtelluride or gernmani um

sel eni d&° '
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