SnSe- BASED LI M TED REPROGRAMVABLE CELL FI ELD OF THE

I NVENTI ON [ 0001] The invention relates to the field of
wornwrogigevi ces, and particularly to nmenory dePCTAS2006/005618

whi ch can be programed a |imted nunber of tines.

BACKGRSMNB A SO TVREPES REFR OTRAMSIABIR ¢Egienents,

whi ch i nclude Programmabl e Conducti ve Random Access

Menmory (PCRAM BIEIDOETHRINVENTIONvesti gated for
suitability as sem -volatile and non-vol atile random

[0001] accesBhehimhyioal rehme to. théfieRk efipleaiory Ridwiddsdavd perticuilarly
disclosed in U S. Patent No. 6, 348, 365, which is

assigned tq .M cron Technol ogy, .| nc. ,[0003] A PCRAM

to memgay LRGeS HGh £ PR EFo@e BR bR AT Bogdkd H80% he
active switching material. A conductive material, such
as silver, is incorporated into the chal cogeni de gl ass

creating a conducti ngACRREREUNDBUri ng operation of the
devi ce, the conducting channel can receive and expel

[0002] met al Régistanéevariable imetRory dlBmkents) wWHidly irtdiide Paddrafithable
resistance state (e.g., a higher or a | ower resistance

t h t t h b t
Condushtfibnon bt RrRahy SHERED Rt i gt vestigated fo
vol tages. After a programming voltage is renoved, the

suitabily QB sRTBA1AER apldaiG R vSlatl E iR hEsE8s &én@élgz“\%lexfn@ﬁtsﬁsAn

period of time, generally ranging from hour 0 weeks.

In this way, the typical chal cogenide %I ass- based
exemplpnRRARAV ¢qigckisdpseddn LS. 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.



vari abl e resi stance nenory having at |east two
resi stance states, which define two respective logic
woereaic@91480004] One exenpl ary PCRAM devi ce usesPar/us2006/005618
germani um sel enide (i.e., GexSeio0o-x) chal cogeni de
gl ass as a backbone ong with silver (Ag) and silver
[0004]g e enicg‘ée epplary §QM evigs u%@é’rﬁﬂr@’ﬁl@z‘l seleruide (Le.,
Application Publication No. 2004/0038432, assigned to
GeSetf:FERcIRFHIOLRBY as hDackbALAbnAWiliosiBRrt(AS) and silver selenid
© elsifvergcﬁﬁco enlygsé rrafer(?%%g aglghsui tat]):l(e%f)gfl Siver selemae
assisting in the formation of a conductive channel .
(Aga+-58). oSrgHor ksawiple Boy daterd ApplisationyRatblicationNa:@004/638432,

to nove into, other non-silver-based chal cogeni de

assignglﬁggygg%@é@%%%zﬁgr abl e because of certain

ges ass ted with silver use. For exanpl e,
use of silver-containing conpounds/alloys such as
Ag2Se may | ead to aggl oneration problens in the PCRAM
[0005]devi c Altlagegh tle sihetr-Ahakbgénidgemtdralsase duitebliedosassisting in
cannot w thstand hi gher processing tenperatures, e.

. . : 9.
the fo R GHER HtR ey SraeaEar bst Bl et Febe B for itver
the tinchal cogenides are less toxic than the

ions tsibveintoh atleRgem-siBer-Haeé) bhal € hdtasaleeedy be desirable
conducted into the use of thin filns of SnSe (tin

sel eni de) .as swi tching devi ces_ under the_application
becausgrof £eyigfit difadyBREREs ATOSEIRCWIRRIVET s Fot fidnpigetpe of
found that a 580 A SnSe fil mshows non-vol atile

silver-8dhthfitth§ Qoﬁ@ic%&%l%ﬁld% ghen a§ A%t MAGeesd 8 Sgglomeration

(rmeasurable’in m “and a | ower reSistance State
(measurable in kGOh when potentials of 5-15 V are
problegsin tag HGRAM devige tayesingranchAg-chalcogenide-based devices cannot

withstand higher processing temperatures, e.g., approaching 260°C and higher. Tin
(Sn) has a reduced thermal mobility in Ge:Sewox 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 application 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 I;O}un) when potentials of 5-15 V are applied by forming an Sn-rich
‘mafte'rial (eg.a dendrite). Also, the addition of Sn to a Ge:Sewox glass, which is a
chalcogenide glass, has been found to produce memory switching if a high enough
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material (e.g., a dendrite). Also, the addition of S

to a GexSei 0o-x glass, which is a chal cogeni de gl ass,
waasosklmeerso f ound t o produce nenory switching if PaThisgine/005618

enoughpotential, e.g., >40 V, is applied across the

potenfELECAEINCE B3 o BUHS U GE. g} oo

time programmable (OTP) nenory cells are known and

switchiay potemitinlseqre!toc higlofig-a HablepnealorPtevigenory cel | nay
function as a fuse or an antifuse. In a nenory device
application, such a fuse or antifuse nay be connected

bet we a,.colum |ine. an row line. In nmenory cel |
[0007] i o 0e HEPrograspmaple &t PRRAT iR BrTom andrhave

wi |l pass through the intact fuse in a cell to a
many g}apmmmsr Atyipiag QTR tahbiocell May ¥en&ionlas 4 uehange

the value of "a cell to 0, a specitic amount of current

.. s applied to the cel| to burn out the fuse. In_a cell

antifuges Jnsigngmosk deviceapplication, uchia fusp ps gntifaeanay he gomnected

O, and the cell is progranmmed to a 1 state. Once the

' R S ed i Y
e ORUENHAONAL T SAL A1 BAPHERTEO i 3G on
desired to _have a resistance variable nenory el enent
throughttibeteobzmn dise willl passdirrough drRntéck fusesner gelldeld grounded row

Additionally it is desirable to have such a nenory

e n r t t_once.after
ine SRR VA o£ 801068 QAL FITES Bhch £90 Q1R LBl o
enbodi nents of the invention provide nethods and
currenhpppdiedsoftbe cell by bdimgubtheose. yide vélt hatingtarcaitifoee, the
programmed a |limted nunber
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
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of times. According to exenplary enbodi nents, a nmenory
device and its nethod of formation provide a first

wehewmtwode, a second el ectrode and a | ayer of BCT/US2006/005618
chal cogeni deor germani um conprising material between

or gerfii! SroPLERRRARA Prbr Badednt: e B QAR pBoond

| ayer between the chal cogeni de or germani um conpri si ng

electrodé. eThendnaysr device furthesdncndesh it dadegeh@tl@ledbétween the
above and ot her features and advantages of the
i nvention wll, be better understood fr the fall ow n
chalcqgefig GRBCRRRHIEY FORPTISHEIRACSAD AT 8B theSePNEIETERIE.
with the acconpanyi ng draw ngs. BRI EF DESCRI PTION O
THE DRAW NGS [ 0011] The foregoi ng and ot her advant ages

[0010]and f ePh&IEIBSVOInd Behelr BVRTE UMV VarREEQIBE tHP ifvention will be
apparent fromthe detail ed description of exenplary

enbodi ments provided below wth reference to the
better gmdenstanditrmdhafelinyeng feipiledhdegaiptiopn, pihich i provided in

illustrates a cross sectional view of a nenory el enent

' odi nrent of the invention;
connefG&e HEIBE_IS &cgfk%%ﬂ% il

0013 ustrate cross-sectional views of
the menory elenment of FIG 1 at different stages of

. processi ng; l%%OM]FéFI G 3 illustrates a cross

sectional BRIFHPESGREBETON O FHERBAWHYGS

anot h exenpl.ary enmbodi nent of the, jnvention; [0015] .
[001115,'G; e foEBoiBeand pthrh edvanepsand fephams of tie Fagphgn will

el ement according to anot her exenpl ary enbodi nent of

beconid@otd¥EPidear foBO#H ddthifed Geidrlption  8&nhleFHP&Sbodiments
sectional view of a nmenory el enent accordin

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 exemiplary embodiment of the invention;



to anot her exenpl ary enbodi nent of the invention; and
[0017] FIG 6 illustrates a processor system according
woaommoesenpl ary enbodi nent of the invention. BETAKkER005618
DESCRI PTI ON [0018] In the follow ng detailed
descryqti re | Ss : j [ :
10016] oo gl ot ScaBRACGRR, I bbbl according
described with sufficient detail to enable those
to anothkt éxerplany elbogiimenbopthedhvertiomenidnvention. It is to
be understood that other enbodi nents may be enpl oyed,
and that various structural, l|ogical and electrical

chan b de without departing fromthe spirit
j0017] ;' 0 OB Bt a R et Sy et o ting s ety oo
used in the follow ng description may include any
embodgHeposf thegngdrtigt.ur e i ncluding, but not limted to, a
sem conduct or substrate that has an exposed substrate
surface. A senm conductor substrate should be

e 00 L oS i DR, 7
oons 32 B e Bl s Bl RO RPR

senm conductor structures. Wen reference is made to a
specific@itboantusis of thehtlehiba. Thev@é@boldinthe alr@ desoMbed with
description, previous process steps nmay have been

..utilized to formregions or junctions in Qr over the
suffcief dgtog i ORI OBY SO gn e et Praticechis S veRtom dbip to be

not be sem conductor-based, butmy be any support

undersfdditad beh e it ithrn®d mayRRAThpFe@Nand MR BLRfks structural,

circult,

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 suppotting 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
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
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including, but not Iimted to, netals, alloys,
gl asses, polyners, ceramcs, and any other supportive
worbmrooadss as i s known in the art. [0020] The PeETMIS2006/005618
“tin" is intended to include not only elemental tin,
' Lk : ed
may belitly drfbat BB bl ol TR ainkAARUTIRICY
sem conductor industry, as long as such tin alloy is
includingrishtatdtitimited to, anetats) gllags, tghassesh polyraersacetanties; and @aly
propert| es of the tin renmain unchanged [0021] The
term t|n eni de nded to include various
other syppottive I 8%5’@[[1%%% ri%“r?av iihﬁrae of tin and chal cogens
(e.qg., sulfur (S), selenium (Se), tellurium/(Te),
pol oni um (Po), and oxygen (O), including sone species
[0020] whi chThatena”8hT ghihtexieese includetiot ohlyoéletriental Ft, but tin
exanple, tin selenide, a species of tinchal cogeni de,

be represent ed .b ner f.ormul.g Spt/ - xSe
with otk g FGFAIB oF Mo TS HORY STpanAHO0P ayith Other mhEtats as
stoichiometric rati o bet ween Sn and Se, devices of the

knownRh $RE 8 micoNERkiInddHirf HslI¥n aéfﬁuél'ﬁﬁn%[lo§fié dféndiﬁ@we, and as
speC| es where x ranges bet ween about and about O.

0022] The term "chal cogeni de material," "chalco en| de
long asghasﬁbysm and plectriqal peoperiipe of e tieremain ynchaagedi o
include materials, including glass or crystalline
materials, that conpri se an element fromgroup VIA (or

[ooz17 9r O PriSlerd {RRNARbE A" isiblend dd QiR @r@@gr%usys,

al so referred to as chal cogens, include sulfur

selenium (Se), tellurium(Te), polonium (Po), and
compourggandrmjxturssafiinand rotlspgensdnigd Ul &7) a¢lenivme (SR)e

GeTe, GeSe, &GS, InSe, and SbSe, all with various

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 Sniv»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
‘table. Group VIA elements, also referred to as chalcogens, include sulfur (S),

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



stoichionetrics. [0023] The invention is now expl ai ned
wth reference to the figures, which illustrate
wexeaemspbasy enbodi nents and t hr oughout whi ch | i RET/US2006/005618

reference nunbers indicate |like features. FIG 1 shows

chalco %c?é(ﬁﬁ@ér?a{ irfHRQIGTG R GOSe, G 1Y aRtd] %Qtalﬂ%gth various
onstructe I N accordance with the invention.

el ement 100 shown in FIG 1 is supported by a
stoichimublgtasat e 10. Over the substrate 10, though not

necessarily directly so, is a conductive address |ine

12, which serves as an interconnect for the el enent

002) 100 FRUN ARG QR bl sl POy BBl

100 is a part. It is possible to incorporate an
illustratepds ry embbdimagtsl aykthrédghewtwhichtlfie efibrehcatembers
and address line 12, and this may be preferred if the

1 m conduct or.- base The c nd ct
indicatg iF dediufosn 416651 SERMB AR RIS, SaPORRGR Gh PgEoLy element
as being useful for providing an interconnect |ine,

100 corftefttedbintiie6 £ ARk Yeith Heoimventibite TheAlmemol 09 shdwn in FIG. 1
copper (Cu), tungsten (W, nickel (N ), alumnum (Al),
platinum (Pt), titanium (Ti), and oti_lher material s.

is suppoyter he serirate 30} Cier 1he pubsirae 1Q,thangh o gecepgarily directly
which is defined within an insulating |ayer 14, which

S0, is a icén&«%&?v@é’cﬁire&§ﬁn@@ﬁ eRh! éef‘\?es]a% anTxh'térc&lu%& £S89 @eement

can be any conducfiVe material that will not mgrate
into the |ayer 18 described bel ow, but |s referably

100 shawim gud erpluwlity Thetherstimaler dgvicay ef a pariéem OE@ mgmgery array of
exanple, silicon nitride (S-3N4), a low dielectric

which flil%'%ﬁogs{ljli %%ﬁ{ ‘?\@ HE0 i is ?Eaft.n Ii’l;fsgatds?i@ eg'%oqg%r su%hrhn optional
materials. As shovvn in FIG 1, an optional insulati n%
e

insulatingylayen1 1l between the substrate 10 and address line 12, and this may
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 insulating layer 14 can be, for example, silicon nitride (SisN4), a

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



be between the address |line 12 and the substrate 10.
[0024] The nenory elenent 100 (i.e., the portion which
\VGQ@M&BLBmfornation) is formed over the first eCealSewde0s618
In the enbodi ment shomn in FIG 1, a chal cogeni de

not hm%%é%és?%% B0 B TR SR FRER By 1 con

The ger mani um sel eni de may be within a stoichionetric
be betweangheald dabssline3238 88 dubsahtrit0.Ge 0Se . The

chal cogeni de material |ayer 18 may be between about

100 A and about 1000 A thick, e.g., about 300 A thick.

oomay 52 T RSO b T 5 RPYES e PRk fron

the same or different stoichionetries. The

formedcdwedrahe €institdedrpddry 162l Inl thy embloBliinent sh@hvadh FIGal, a
cont act with the underlying el ectrode 16.

e AR ok U B S0 Do

chal cogenl de material, in pI ace of the chal cogeni de

provid8& bt fle fidY lectk8de 1026k rgrgl«ﬂanﬁﬁﬁ s@l@ﬁidéqﬁﬁ? 'b@emthm a
material |ayer 18 (or germani um conprising Tayer) is a

| ayer of tin- chalcogenlde 20, for exanple tin selenide
stoichigrggiric xoge offabpat eepaesmia ahakt Gessier. Thedhalrpgenide material

al so possi ble that other chal cogenide naterials may be

, r
layer 1§ 14745 be BiRfenQibon €l SRAURI SUiH: MO K o SEURRIAIA thick.
100 A to about 400 A thick:; however, its thickness
Layer I$apeeddugt bern single laper, bhiemtay alko be somiprishd of muidtiplé ng

chal cogeni de material |ayer 18. The ratio ofthe

chalcoéeg\e(%( Q‘%ﬁgit@% gglﬁnlfeg)?%ﬂb%%t LAY @liondehid. MRt of

Un e?a} yi ng

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 (Sn/~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 layer 18. The ratio of
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material |ayer 18 should be |ess than about 4:3, e.g.,
bet ween about 1:3 and about 4:3. As the ratio of the
wohbwlkness of the tin-chal cogeni de |ayer 20 toPChaS256/005618

t he underlying chal cogenide naterial |ayer 18

.decreases (i.e., the tin-chal cogeni de |ayer 20 gets .
the thiglgesne tla%ma@ﬁﬁ genidg layes ?@rfaﬁ%e@@ﬂﬂh@@n@rbmgw alegganide

18), the nenory el enment 100 nmay act nore |ike an OTP

: [ i@t © oF t.4 .
materifBaypr | S PR e Lts MEHANDUPES, Sep bEryien Hufhs SR about 43,

| ayer 20, with silver (Ag) being the exenplary netal. -
As the Tafig ofrtheathitkness optha tin-ahalgog&tde ayteri20ko timeof theenderlying

nmetal |ayer 22 is a second el ectrode 24. The second

. ‘ t he mat er.i.al _as .t.he
chalcoferih LEfEulIoEar 188 RS Ul 1R TR R U 1S 20t
t he exenpl ary enbodi rent shown in FIG 1, the second
thinnerheodmpded# the chakbgenrideynitenigblogar (8 theﬂﬁ@ndﬁgie&k@ﬁéﬂt 100
may be isolated by an insulating [ayer 26. [0027]
ile.the i tion is not to be bound by any specific
Hmya%a%&m%ka?n{gﬁihﬁ#eved that upon application of a
condi tioning voltage, nmetal ions fromthe
tinchal cogeni de | ayer 20 formone or nore conducting
[0026] channBtii refelriihg tb FRGCT) aincs}sieitad endral 18§ e@d2 1sa8tided) over the
Specifically, the conditioning step conprises applying
otential across fhe ry el.enent structure of the
o 2} ellggeléfpz vty g{lv T,%g;}hg thegxepplary metal. This metal
tin-chal cogenide layer 20 is incorporated into the
layer 28 RPAKRASV0TE HELRS Ovied YIRS mbbal 14 G120Y ofsREHIE .
y conducti ng channel through théﬁﬁﬁalcggeﬁggg Sﬁgg%?%ithe

18. Movenent of ions fromthe [ayer 20 into or out of
secondiglegtrodandfiean brymearlgnféhe same material as the first electrode 16, but is

tin-ch.

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
gle;ss layer 18, thereby forming a conducting channel through the chalcogenide glass
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duri ng subsequent programm ng fornms a conductive

pat hway, which causes a detectible resistance change
waenwaoi4she nenory devi ce 100. [0028] Al so, useCcofuS2006/005618

tin-chal cogeni de | ayer, such as layer 20 in this and

ot her enbodi ments of ttie i nvention, offers irzggioyed
layer 13.c Maviement of ionafrom; thedgyer29dnte.Qr ot boonductipg, channel

For exanpl e, devices incorporating a tin-chal cogenide

o . : . .
during e B G Mk R b A P RS e
and can have a tenperature tolerance in excess of

detectiblgpesistanee ehangsomros, themehotedeviee 108.i | i zi ng a
chal cogeni de gl ass and sil vercontaining |ayers cannot
wi thstand. [0029] In the exenplary enbodi nent of FIG

0021, OSLO0EL b 2010010 B3] 1S58 0108 anc ot

resi stance state to a nmediumresi stance state. A
embodiuérste gfi e inyenfiphj effersiitpeoved tegperatite stabitivyeforeher gy
than that of the conditioning voltage can then program

.th h i de_ | to a |ower resistance state. .
resulting Ao APPSR et e e tnodirralies » Hredelcdia Golager in
metal ions to nove into the conducting channels where

accorddriveywvitie ted invahtien Halve beeh bRowal tbdgActicn heravRdahaesbng
conductive pathways. [0030] A nenory el enent” accordi ng

to exenp| nbodi nents of the invention (e.qg.
aPPrOXFPé?&?ES/% % C3 Ve prRPeLatyLe E’Hel‘@ﬁFﬁﬂb?XWf i ke
menory elenent. That is, the nenory el enent 100 can be

approxRh @R, QiRichi J8%i @8 1AL 2 BRI '853%.%9: Asitver-
PP can be programed ahd erased a |im0$§3 n nberanofSI{ViEﬂes

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 embodiments of the
invention (e.g, memory element 100) operates as an OTP or OTP-like memory

element. That is, the memory element 100 can be programmed one time only and
10



(e.g., about 20 or fewer tines). [0031] As noted
above, as the ratio of the thickness of the
woimeoadscogeni de | ayer 20 to that of the undePCYiusgn06/005618
chal cogeni de material (or germaniunm |ayer 18
decreases, the nenory el enent 100 may act nore |ike an
cannot BEERased; br it danite Prolgirevesed fnd ermsed ndamited tininsberaf dinges
is because netal’, (e.g., silver) fromnetal |ayer 22
reacts with the tin fromthe tin-chal cogenide | ayer
(e.g., bt 20mprfemes (impeElt  al | oy remmi ns conductive, thereby
' pronoting a | ow resi stance state of the nenory el enent
100. [0032] FIGS. 2A-2D are cross sectional views of a
[0031] Maf el orALbEYE a3'RE 82Obf frimhikaeb tt tenircthalgogdnide
formation of the nenory el ement 100 according to an
exenpl ary net hod enbodi nent of the invention. Nq
layer 20athatofithe usdedyingdralepganide materalfongermaniya) gy 18
descri bed herein, except for those logically requiring
t h i [ Lei Wh{ at
decreasdgy e MG stimPht B0 AR cBorARERAIOM Yell THib Beliqed th
general order, the order is exenplary only and can be
one reasdbnt thisotcifs Bdmicaesk matalhegrsitvies) frommmetad %aw 23 repetgMath
menory el enment 100 is shown, it should be appreciated

., [hat. the ry e n d
the tin iR Arr SRRy Cbr Entht Lovelin Ao R TR AR Rve,
concurrently. [0033] As shown by FIG 2A, a substrate
thereby Ploirfotingi 4 lod kesiqtaned stetd ofAbe imnethort ddnend 16). t he
Substrate 10 can be sem conductor-based or anot her
mat eri al useful as a supporting structure. |If desired,

an optji.an rasul ating l.ayer .11 gy
0052y 20, IR S B AN A4 S P B
silicon oxide, silicon
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 100 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. 24, a substrate 10 is initially provided. As indicated
ab‘0;7e, the substrate 10 can be sémiconductor-based or another material useful as a

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



nitride, or other insulating materials. Over the
substrate 10 (and optional insulating |ayer 11, if
wdesieroedisp t he conductive address line 12 is fecms200g/005618
depositing a conductive material, such as doped
pol ysilicon, alum num platinum silver, gold, nickel,
the substratanlQy ﬁihebuptlcpmad finsudbting layegd enay Bisilicon duids, siticon
material is patterned, for instance with

B L e
deposited by any technique known in the art, such as

layer 15 ffidestrdd)gthecdaduetive ¥adasss Hapagii f&mew&;aa@?oﬁﬁhg Rced
cheni cal vapor deposition, evaporation ating
formed over the

i nsul at.i n 14 |
condudiyg eaennl B o5 doRed pRUEISRY glBifem e awm silver, gold,

silicon nitride, a Iow di el ectrlc constant materi al,

nickel, ﬁfarﬁﬁﬂﬁ but %fh?&b‘l’i Bt The Eddtdve Iﬁ%ﬁ r}%ﬁrerned gfor

formed by ny known thod. Preferably,
| ayer silicon nitride) does not aIIowtln

instance aﬁﬂnplgm(htb@éfaphi@s@hmﬁqge&mdi gicherbta definenttierngldragseline 12.

14 is made, for instance by photolithographic and

The o8 B GPA S ocRUBRSL 09 5y RRSH G0 Bloiin e, e

forrred within the opening 14a, by forming a | ayer of
as Sputtﬁm@ dtteme:almap@n dépasitéon, tpﬂlasmm snhatdedgHeayiesl viapoand
in the openi ng 14a. A chem cal nechanical polishing

formed to renove the conductive
dePOSIéOgP/P)\’aéél%f% Pon? o @Inrighe insulating |ayer 14. Desirably,
the first electrode 16 is formed of tungsten, but any

sui tabl e conductive material that will not migrate
[0034] i nt o Ahéndudgting lefec a4 idhformeeb ied @RS hd deess fioer1 2] Mhel G
2B, a chal cogenide material layer 18 is forned over
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



the first electrode 16 and insulating | ayer 14.
Formati on of the chal cogenide material |ayer 18 may be
weacewpi4sshed by any suitabl e nethod, for exanpCe&uske/005618

sputtering. The chal cogenide material layer 18 is
formed, for exanple, to a thickness between about 100

[0035]A and Axbstuiwa GBI, 28; achalcaetide3fRreid ek élB%%Ec%%ﬁ%ﬂYer

The nmenory el enent 100 can i'nstead Inc

. .GORNDLi SJ | ayer, .which need not conprise a
the flrs?‘ﬁi‘?%@g*&%@%&ﬁ%g layer 1 dtermtiarned theghnicdgenide material
material layer 18. In such a case, the germani um :
layer 18an®y béiaBebrhB}eH ny__known .t echni que,
for ‘exanpl e,ﬁby esp ?gffgﬁfg%fagngﬂ%PQquri%?‘m% g%l?ﬂqf%m%
er 20 is forned over the chal cogeni de nmateri al

| . )
The chp%ggmﬂg_mqtﬁ:@lai layee A& ixtogeetdforlexpatpld Gocathidke s O hERben
by any suitable nethod, e.g., physical vapor
e iscal osL tion, co-evaporation,
about TIRRR Bt ddut § HFITAC gﬁ'{é‘%{?‘g éﬁ(ﬁ?x . The P

Sputtering, anong’o
tin-chal cogenide layer 20 is forned to a thickness of,

[0036 for exanpl e, between about 100 A to about 400 A thick;
I howevéhe mamonstlement s00ieqreindtead incR@¥ta g@ditifim comprising
t hi ckness of the underlying chal cogenide materi a

1 W .o of . the thickness of the
ayer, YRR nedl nol UGigiish 4 Rielcogepile maeray, ibipiach efaakioggnide
chal cogeni de material layer 18 is, desirably, |ess

materia fagier 480l sdckBa case) the JETNEEATARIHbri ing 180¢: AROW. idided by

[0038] Optionally, a netal |ayer 22 | ver
| ayer 22 is

[, l. nide |ayer 20. The netal

any knépr‘hgft%?%é(&@quﬂ %ﬁmﬁﬁgﬁy SBRttgingeast contains sil ver,
and isforned to a preferred thickness of about 300 A
to about 500 A. The netal |ayer 22

[0037] A tin-chalcogenide layer 20 is formed over the chalcogenide material

layer 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] Option‘ally, 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



may be deposited by any techni que known in the art.
[ 0039] A conductive material is deposited over the
wori@looiayer 22 to forma second el ectrode 24. p8rmisk@s/005618
to the first electrode 16, the conductive material for
, t he second el ectrode 24 may be any naterial suitable
formegldp aepretartrd thivlnass ef abowie300 A t6 @BoeKEINAA %enmeiiab b5y 22

enbodi ment the second el ectrode 24 is tungsten.
photoresist 30 is

[ FI.G, 20 a.l ayer, o
maybgg% g?’fttéécgb%\%gyt‘?ﬂg“ggﬁgﬂax@@&gﬁé% 24 | ayer, masked
and patterned to define a stack 33 of the nenory
el enent 100. An etching step is used to renove

[0039]por t i chsondudtive mayeta isl8epRBied23er e nil :
insul ating | ayer 14 used a% an et gﬁ stlggtéﬁngg%?znzgmforma
FIG 2C. The photoresist 30 is

C 3,aS.Shown i |
seconcf é@ﬁ%@%} Z?eﬁwﬁ@f tpﬁtge dirst pleciredesifpdhe condudEiveRaterial for the
[0041] An insulating layer 26 is forned over the stack

secondB&leatnodé s A1 hdgn a1l Lev8aiheLstruct ure
shown in Fl (?t 1. %??Q%ré%lﬁggﬁgg%cﬂé% gpcgcr:lgﬁcg‘ée Ff?lc%rB@EdIn one
f connections fromthe defined nmenory

the formng o
exemP%V endhoctimeni e seondsleatrasteReris tingatens y of the
integrated circuit (e.g., logic circuitry, sense
anplifiers, etc.) of which the nenory elenent 100 is a

[0040] par t . RERRARE tH'FES. SCS [ Y Sl erent 300
accordi ng t ar?ﬁéxgcn’p?%%r gﬁﬁ%@%ﬁ%ﬂ% @TIS%BO?%QY‘?HM
the menory el enent 300, the address line 12

For
secondceg%; adle 2dpyer, arasknd ahidrisitterhed to defind 6 stddk BUstha memory
case, the formation of the separate first electrode 16

element S0® k&g 1 ELG. 4 illustrates a menory el enent
emenﬁ%%@ g]cﬁg oe?%qlxﬂgg?egﬁl]g r]fg;{e%é? 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.

[0041] An insulating layer 26 is formed over the stack 33 and insulating layer
14 to .achieve 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

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

14



exenpl ary enbodi nent of the invention. The nenory
el ement 400 is predomnantly defined by the position
wohodslve14second el ectrode 24. The | ayers 18, 20pCRAISH06/005618
the nenory el ement 400 are bl anket | ayers formed over
: a conbmg]ed address line and el ectrode structure 12/ 16.
also seifve s il fivetlelectdii16s r 1S arate, ..
from an under!yi ng gdgrrlg{;?‘?%f%%@ﬂ@%dgﬁ%eonu@g@ SgRarate first
element 100 (FIG 1). In FIG 4, the

| th enor
electrdéﬁeec Oé‘i“é')éfir ode 24 is shown perpendicular to the
pl ane of the page and the address |ine and el ectrode

structure 12/16 is shown parallel to the plane of the

o r < Ty ey e PR RS Ee hia R G Betbi

24 is directly over
ructure 12/ 16 defines the position of the conductive

t
exempgaaryrﬁm’?/o igrans @f e invgntiper The anembryt Hentewimrany i€l enent
400. In this way, the second el ectrode 24 defines the
FIG 5

redothffadit t ﬂ.[gel;g%. el nt 400. [0045
predo repr egentﬂs;i{ezf\1 lé}érmr y (Ee %Bﬁﬁﬁssﬁé%gel&mpﬁg]%o Thedayers 18, 20,
exenpl ary enbodi nent of the invention. In the

22 of the mgmargielemenidiO\are bkt 1ey/e8s fo&ﬁ%d%r%o&gﬁ%iﬂgd address

material (or germanium, tin-chal cogenide,
8, 20, 22 are forned in a via

line anQRid ' .ol S ;
an3s -écf?%glevs @C%ei@yﬁ% trmekvely, afisst lestnede By that idlseparate
over an address line and el ectrode structure 12/ 16.

from arrypdedyimgsaddiesine 85 caebé udsd, oSy Lrode. o4
are conformal |y deposited over theﬂ?nsu gll[yie(%lsrqe ?éﬁo ﬁFA{G
via, 28, The layers 18, 20, 22, 24 are

dywithin t :
D). InFRG i By et i 2L ischerabemwentilirionhe pliestf 8 page
etched to formthe conpleted nenory el ement 500.
and theAiddeessdine/and eleatrbilé strul86 4152885 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 amemory element 500 according to another
exemplary embodiment of the invention. In the illustfated memory element 500, the
chalcogenide matetial (o; germanium), tin-chalcogenide, and optional metal layers
18, 20, 22 are formed in a via 28, The via 28 is formed in an l'nsula’cin,‘gr layer 14 over

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



16 that is separate fromthe underlying address |ine
12 can be used. Such a separate el ectrode 16 can be
woaooswdi4sm t he via 28 prior to the formati on oPCThS2006/005618
chal cogeni de material (or germaniun) |ayer 18. [0046]
0 gge enbodi nents descri bed above refer to the formation
electrodle 24 are @ohfonnf0lysddposité® v EF ARGRSYBFihB L Sor TBITRL Y yihs
el ement structurlzzde%?in accor dance %Mtgﬁﬁlgﬁéy?r:@earﬂ(f%'ﬁt,hmthe
. Fch ma e rt of a menory array. It nust be
via 28 8 aP B &,g' by arematterned td defime & stackavie ik %288, which
the formati on of other nmenory structures within the
is etcheditoifbrrafthé BEmipIMER L) ' be.fabrjcated as a
PG fory Sl Bl B e suinly s stectrode

menory array and operate
cjrcuits. [0047] FIG 6 illustrates a processor system

16 thagisseppratn fiome thatesderlyingadyressring 12 Gdébe Gsddl. %l.ﬁ:h a separate
i abl e

menory devi ce, which enpl oys resistance varia
100, 300, 400, and/or

electrd R dAn' eefg'f : - enent s )
500) ac?or |121t§atlg%t\%¥ieﬁ e} athe'fﬁ’émﬂﬁ%@étbﬁ chaletgemide
600, which can be, for exanple, a conputer system
materigk(esgarinnizonpliyee$8.a central processing unit (CPU)
644, such as a mcroprocessor, a digital signal
processor, or other programmble digital |ogic
00461 devi c [ Ch_Cco nicates. wth an input/output (1/0
[ode] devi c Zﬁg Eémov er eﬁ%%@?& bR Fefpbio theiformition of only a few
.b648qomTuni cates with the CPU 644 over bus 652
possibleypsistanty vatiablegheraofeaRiment 8ALERIrbEln adBPd8lc h&%gﬁe

case of a conputer system the processor Sys
devi ces such as a floppy disk

. Ry ihel ude. peri pher al
mvenug?r?,l v\yiép ag.l?g pézrg gfﬁ;bg@gnwﬁrq}c@t 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



ROM drive 656, which also communicate with CPU 644

over the bus 652. Menory circuit 648 is preferably
woanmimwwsbed as an integrated circuit, which i RCIaUSe®6/005618

one or nore resistance variable nenory el enments, e.g.,

elements 100 (FIG 1). If desired, the nenory circuit

648, may..be c i hed wi : e
commugiggref R o GPE! G ke 692 pHEIREY Bfopeh b, o
above description and drawi ngs are only to be

controlie@nsi dered illustrative of exenplary enbodi nents,

whi ch achi eve the features and advantages of the
present invention. Mdification and substit uti ons to

specific process conditions apd structure e _nade
[0048] 1 homthe Rt ey TR PREDp S RiseroL semerE o el
present invention. Accordingly, the invention is not

include @rl?ﬁef?eﬂ IdRvElRs ecias Reoppy|disk deide s34 bhd o @ ugpmrmsc (CD)
ription and drawi ngs, but is only limted by the

f th ded  cl 501, Wh
ROM a3 b Vi el SRS R HHAGSEdatbBy oo Migrao

Patent of the United Stat es is: 1. A nenory device
circuit 648 @?f&%ﬂ%@? Qorfnét v?&ec? h@fﬁ atél:l SRERD %EidﬁQhﬁlQl@l%s ofte or
yer o coge |de or sém - net al

mat eri al bet ween the first electrode and the s
more resistagice ydeiablermiemory elements, e.g., elements 100 (FIG. 1) If des1red 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.
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a tin-chal cogeni de | ayer between the chal cogeni de

material |ayer and the second el ectrode, a ratio of
woOheostoaisness of the tin-chal cogenide | ayer t®ecrhs2006/005618

thi ckness of the material |ayer being | ess than about

4:3. 2. The nmenory device of claim1, wherein the

material |ayer conprises @ gogeni de glass. 3. The

menory device of claim1, erern the material |ayer

[0050F onpr i ¥émtds clajtaedlb ne® ARBISSRRNGIR  PREEL LAYy Lﬁagggg?ﬁatent

menory device of claim1, wherein th erra

[ r .of germanium 5. The nenory device of claim
Ofthef?“@ﬁi%%?lﬁhe material |ayer conprises germani um

telluride. 6. The nmenory device of claim1, wherein

the material |ayer conprises GexSeioo- c.7. The nenory

1. davhemioey detikk kbiy rygﬁ%ei n the GexSei oo-x has a
st oi chi onetry bet\ﬁeen bout Ge33Se 7to about Ge6oSe4o.

8. . The. menory device of claim1, further conprising a
rfbfl‘éﬂteie&’;'}@ﬁiebetvveen the tin-chal cogenide | ayer and the
second el ectrode. 9. The nenory device of claim1,

vheiceha elddgrodfet al | ayer conprises silver. 10. The
menory device of claim1, wherein said

tin-chal cogeni de | ayer pon‘pri ses Sni+/-cSe, where x is
inl dageantof B doatrogenide @@ semi-metal material between the first

electrode and the second electrode; and
a tin-chalcogenide layer between the chalcogenide 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.

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 mémor;"r device of claim 1, wherein the material layer comprises

GexSeio0-x.
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11. The nenory device of cla!n11,|mherein t he o
i n-chal cogeni de | ayer conprises |ayer conpris
\V;memnhmmr?de 12. The nenory devi ce of clalanTnmmmwm56w
wherein at |east one of the first and second f
el ectrodes conprise tungsten. 13. The nenory device o

7. cThé memoryrdavideroftdidns §G0REkeR B G&@%mé é%vf&?ifﬁhomstry

met al - cont ai ni ng | ayer "and conpri ses siver | ayor

C claim1, wherein the material |
a%%g&f%%ag Eﬁﬁ*é@ﬁ@@ﬁ@tl GgyeSewar e provided within a
via in an insulating layer. 15. The menory device of

8. (Tl MetorMiRkRie rbftcth%ﬂ"'?tfﬁftgﬁxl (}(rﬁis 1%3%2#1 g%egéégyg between

tlnchalcogenlde | ayer dre

and mhereln the second el ectrode defi nes
tiﬁ‘:é apd"?@ii layemanst theedeeomd electiodeThe nmenory

devi ce of cl al m 1, wherein a thickness of the materi al

of ;the tin-chal cogeni de | ayer
SRy e R RRER I ielnebe riclp) BgParmmbrecsaiver
[imted nunber of tinmes.17. The nmenory device of claim

10.  Thegpemeryndevichdt kintnd, ofheiéia sant ﬁﬁl&bldog)éﬁfdeaiﬁ
thlckness of the tin- chalcogenlde | ayer dre suc “t hat

d, it ot be
era e%g§ilgq€/n%1§”]?cj§\/| 5 %v?r raTcifaéldéholft\%qgr ein a

t hi ckness of the material |ayer is about 300 A and a
11.  Thée olemeersy dévitdef élhiin ¢ h@h@f&iﬁ Fh&finl c"i’ﬁéﬁ.fogjeﬁd%eltag\/eere n

about 100 A to about 400 A
comprises layer comprises tin-telluride.

12.  The memory device of claim 1, wherein at least one of the first and second
electrodes comprise tungsten.

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 Iayerj 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

ahd a thickness of the tin-chalcogenide layer are such that the memory

device is programmable a limited number of times,
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17.

18.

19.

20.

21.

22.

19. The nenory device of claim18, further conprising
a netal |ayer between the tin-chal cogenide | ayer and

woOherspecsnd el ectrode, the netal |ayer having RCT/US2006/005618

t hi ckness of about 300 A to about 500 A 20. The
menory device of claim1l, wherein a thickness of the

[ o a about .1Q00
HSeRlory Wiee of AL E AR it e P RiRbridilarer,
of the thickness of the tin-chal cogenide |ayer to the
tamidck theslnest of e tintchaicapehidy daydrarbstiiedmtabpee the : 3
and about 4:3. 22. A nenory device, conprising: a

SRREFE Evicd if Pratreimie ALY o efed onauct  ve

address line; a crystalline chal cogeide material |ayer

Y mbhiorl ideviceRdf UdifroD @vhéretr A t1GERRACI I8 Bh&IBat @Y ayer is
over the crystalline chal cogenide material |ayer; anhda

secon llectrode over the nmetal -containing |ayer. 23.
'PEQ“FISQ@AF"&L@ thigkpgss Of shertipxhalcogenisie layeris befwieernabout
netal |ayer between the tin-chal cogenide |ayer and the
3000¢h sh&ptgopde. 24. The nenory device of claim 22,
wherein a, thickness of the crystalline chal cogeni de
material |ayer and a thickness of the tin-chal cogenide
I Tpapemory 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.

The memory device of claim 1, wherein a thickness of the material layer is
between about 100 A and about 1000 A.

The memory device of claim 1, wherein the ratio of the thickness of the
tin-chalcogenide layer to the thickness of thg material layer is between
about 1:3 and about 4:3.

A memory device, comprising:

a substrate;

a conductive address line over the substrate;

a first electrode over the conductive address line;

a ctystalline chalcogenide material layer o§er the first electrode;

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

20



23.

24,

25.

26.

27.

are such that the nenory device is programmble a

l[imted nunber of tinmes. 25. The nenory device of
woheicrmw2@) wherein the ratio of the thickness 8ETIS2006/005618

tin-chal cogenide | ayer to the thickness of the

crystalline chal cogenide naterial layer is Iess than

SEREppd et (VR IRE i B SUTRYEE, O e

substrate; a first el ectrode over the conductive

dlt memdriy nizvie detainn?d) futthyecornprsinghemletal dayer between
el ectrode; a ti n chal cogeni de | ayer over the gernmani um

and a s nd eI rode qver  t
rfgg%ln -lcogent aD’SE/%‘F %l@e;secemge ~devi ce of claim
further conprising a netal |ayer between the

tTHklﬁBﬁ{diygi%m&Q)ﬂcmiﬁfzzi%érBﬁ SE6atkss be td 898tane
The nmenory device of claim 26, wherein a thickness of

the_ gernani um | aYer and a thickness of the )
tdhalosanidegentedial laxpe and Achickarss pidhettinechalaegenide layes

is progranmable a limted number of times. 29. The
TR S i A S iR, b
t hi ckness of the germaniumlayer is |ess than about
4irges.

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.

A memory device, comprising:

a substrate;

a conductive address line over the substrate;

a first electrode over the conductive address line;

a germanium layer over the first electrode;

a tin-chalcogenide layer over the germanium layer; and

a second electrode over the metal-containing layer.

The memory device of claim 26, further comprising a metal layer between

the tin-chalcogenide layer and the second electrode.
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28.

29.

30.

31.

32.

worods@ow1436 ti nes,

30. A processor system conprising: a processor; and a
menory device configured to be programmable a limted

el ectrode; a second electrode; a material l|ayer of a
chal cogeni de or sem -netal material between the first

ﬁlﬁ?g}al c genii%le{e@ﬁ %5@?2 ﬁ%@?g@b%ggg&%gwmum

material |ayer and the second el ectrode, a ratio of
tlager and rifiskness aftibe tinrchahmigenigkeriavier dreyech tRatithe
t hi ckness of the nmaterial |ayer being | ess than about

X . . essor st.em of claim30, wherein the
Anmatt deP S PP RO RIS ERPL st s imes. 52, The
processor system of claim 30, wherein the materi al

| Byeemeomnprdevice of dlains26) Mhdreircihelra88 ©F HEethickness of the
mat eri al . 33. The processor system of cl ai m 30, erern

t.he terial layer is a.layer of germanium 34. The
D%S@g%erggg kaéyr?ir &¢ the %l?kr@és of thetgesmagiirprlapenig less than
netal |ayer between the tin-chal cogenide |ayer and the

sboand:3el ectrode. 35. The processor system of claim
34, wherein the netal |ayer conprises

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;
amaterial layer of a chalcogenide or semi-metal material between
the first electrode and the second electrode; and
a tin-chalcogenide layer between the chalcogenide 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.
The processor system of claim 30, wherein the material layer comprises a
chalcogenide glass.

Thie processor system of claim 30, wherein the material layer comprises a

ctystalline chalcogenide material.
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33.

34.

35.

36.

37.

38.

silver. 36. A nethod of formng a nenory device, the
nmet hod conprising the acts of: providing a substrate;

woaoosimagisa first el ectrode over the substrate; PEDUSR0G/005618

a second el ectrode over the substrate; formng a
materi al | ayer of a chal cogeni de or sem - net al

nmihe pradestmt syemn bP&afh Bot whk t second
el ectpr ode; asr?g form ﬁgmggiyﬁ%ﬁgﬁlg%glg%l?}ge)}'éga(fayer of
bet ween t he chal cogeni de material |ayer and the second
SERYBYR: the materi al | ayer and the tin-chal cogenide
| ayer fornmed such that a ratio of the thickness of the

tThe RS0 hickness of t
mat e?i al | a?gkr)tgiﬁls&]%e@gn ?Qfaf%lp%'ﬁ%ﬁ?mm@m%a/m aRet hod
f claim36, wherein formng the material |ayer

e ae tinrchaleggenidayayeremdpiieseashdelehabgegeni de
gl ass. 38. The method of claim 36, wherein formng the

PR 0 |.ses, formng.a |ayer conprising a
cryst al F?Shgggﬁg c({ofgC A2t ﬁ”a?%ﬂna‘ih.e@?éﬁ?é’eﬁé@mlsﬁ
cl aim 36, wherein formng the material |ayer conprises

fSﬂVﬂﬁ-ng a layer of germanium 40. The nethod of claim
36, wherein formng the material |ayer conprises

TORES 3 %061‘7 elrr1g %?nngnrnlo%lr ggv%grthmé %g&nogigggrgsﬁg the acts
of:

providing a substrate;

formjn_g a first electrode over the substrate;

forming a second electrode over the substrate;

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

forming a tin-chalcogenide layer between the chalcogenide material layer
and the second electrode, the material layer and ﬂ1e 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.

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

~ forming a layer comprising a chalcogenide glass.

The method of claim 36, wherein forming the material layer coinpriseé

forming a layer comprising a crystalline chalcogenide material.
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39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

41. The nethod of claim 36, wherein formng the
material |ayer conprises formng a |ayer conprising

waend@ose x. 42. The nmet hod of claim4l, wher ePaTUS2006/005618

GexSei 00-x is formed having a stoichionetry between
about (Ge33Se 7to about Ge6oSe4o. 43. The nethod of

CTRé MetRod bEELRRI36C ;g ' netal |ayer.
bet ween ?he t n-c?r?é\ cogéelﬁif e @Fqg%%rlgﬁ%yg]ég%ﬁgnses
el ectrode. 44. The nethod of claim 36, wherein formng

t fpaming allayeryafigermapitimes forning a silver conprising
|'ayer. 45. The nethod of claim 36, wherein formng the

s i l.ayer conprises.formn | ayer of
sﬁlﬁ‘iﬂ@@) gﬁﬁ‘éﬁg 3¢, Vhersdft folming Hig mnateriakiaypbamprisess.
The met hod of claim 36, wherein formng the

t fonmmithg b doygrodeprisiyg pennamiuing edldeidri Ng a | ayer
conprising tin-telluride. 47. The nethod of clai m 36,

erein a ast .one_of .the first and second '
é‘f@%@ﬁﬂb@é@aﬂ@ 3Pni erelntming he mpjetiallayagconrpeses
met hod of claim 36, wherein acts of formng the

rfafmnigah1A@y@bnqﬁg,iﬁglge;ge%@ghal cogeni de | ayer conprise
formng the matérial | ayer and the tinchal cogeni de
l.ayer havj ng thicknesses such that the menory device
id1ng pign 41 wheneirthe meSenofis fonmeed hating Ehe

nmet hod of claim 36, wherein acts of formng the

BdiChiofhethPY&kvedAthbout GexSes to about GesSes.

The method of claim 36, further comprising forming a metal layer
between the tin-chalcogenide layer and the second electrode.

The method of claim 36, wherein forming the metal layer comprises
forming a silver comprising layer.

The method of claim 36, wherein forming the tin-chalcogenide layer
comprises forming a layer of Sni+Se, where x is between about 1 and
about 0.

The method of claim 36, wherein forming the tin-chalcogenide layer
comprises forming a layer comprising tin-telluride.

The method of claim 36, wherein at least one of the first and second
gle‘ctrodes are formed comprising tungsten.

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-
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49,

50.

51.

52.

53.

54.

the tin-chal cogeni de | ayer conprise formng the
material |ayer and the tinchal cogeni de | ayer having

woOhowlknesses such that once the nenory devi ce PET/US2006/005618

programed, it cannot be erased. 50. The nethod of
claim 36, wherein the material layer is formed having

i is formed havi
e Rl PR kR Pule L B il

to about 400 A. 51. The nmet hod of claimb50, further
cRiagramable adimmited nusibey ef titreger bet ween t he

ti n-chal cogeni de | ayer and the second el ectrode, the

i r d havi.ng a thi ckness of about 300 A
c I lethdtt Btctyfh 3B WhRin 8o of osfmBeahayueriaieres and
Eige material |layer is forned having a thickness

e fimechaddigeniddRyAr acvdpaib® Eirndif B Ghé ialll in-
of claim 36, V\,her(}e’i n thg ti n-cha?cogg}ﬁ:{ éa]llgg?e%c{]nggm
t materdi gl | ayer are formed such that the ratio of
t‘ﬂglcf’ﬁ?‘&‘ﬂﬁggger%‘@% thickpessecBirbrihatones he mempiye device

thi ckness of the material |ayer is between about 1:3

aspragramiméd, 3t cdrthot Degragkighod of claim 36, further
conprising providing an address line electrically

g[?'gnect%‘gg ith the first electrode.55. The nethod of
AR oh 17} 3p, (wheergiay thefmaterial Iayet fefobmedthavinga

e! ectrode conprises form ng a conbi ned address _

ik epkosden AU Bl IR Mo o L8l 30
thickness between about 100 A to about 400 A.

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,

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

The method of claim 36, wherein the tin-chalcogenide layer and the
material layer are formed such that the ratio of the thickness of the -
chalcogenide layer to the thickness of the material layer is between about
1:3 and about 4:3.

The method of claim 36, further comprising providing an address ﬁne

electrically connected with the first electrode.
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55.

56.

57.

58.

59.

woOherstvusechal cogeni de | ayer.

and tine tin-chal cogenide |ayer conprise
bl anket - depositing the formng the material |ayer and

56, further conprising the act of etching formng the
material |ayer and the tin-chal cogenide |ayer to form

aTHe Mdthéd of FR&K-36° 0 | aim 36, furthe
conpri si ngof or %hr?g ’ glh\?l}—%lﬁvm h&noqafﬁimﬁ%a%f%ﬁ&elﬁ‘é?%ﬁ?‘?
wherein the acts of formng the material |ayer and the

t fTeREpesgamiing a lcaydinedbagpdicse lihgfelicaodeherdrir i al
| ayer and the tinchal cogenide |ayer within the via.

f,ormong.a nmenory. el enent, the nethod
gghn%‘?}eg?‘?@g 8 ﬁgﬁgg&%p?e% i rck B forming the materialdayemg
a conductive | ayer over the substrate; formng a first

eiret thedite chaleogdrtide $ayhe chﬁi;ﬁ‘isefb‘l’élﬂierﬂ-giegygii;rﬁg] tge tf%ré?ning

i nsul ating | ayer over the conductive |

rat.e.. form an opening in the first insulating
ﬁ%g@atfagag?ﬁ%@‘g%ﬁo@ﬁgﬁ cegenige layiduct i ve | ayer in
the opening;formng a material |ayer in the opening
dte metiod d¥ecldin 56, a2t EOHBri ' lﬁ‘Mﬁ’? r_bej
a chal cogenide material or grskgﬁtlhgﬁd]%%‘?t fgmmmgﬂ?e
tin-chal cogenide | ayer in the opening and over the
fagtefipblayerand the tin-chalcogenide layer to form a vertical stack.

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

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;
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60.

61.

62,

63.

[ i n- | cogeni de
r, the material layer and the tin-cha
:Zi:r formed such that a ratio of the thickness of the

woimepaaiscogeni de | ayer to the thickness of thecT/US2006/005618

material layer is less than about 4:3; forning a
second el ectrode | ayer over the tin-chal cogenide

| fyrering prmutetiah br)]i@r limtﬁlfe @fyelﬁ-h_\q%sgcri%%t‘éggge filsf (éferc&%ceie, the
ayer: etChIn?de Faggr, and the second el ectrode to

Py %gaﬁé:%ﬁ’%%? chalgogienide anateriel ari garftinisdaer ei n t he

act of formng the material |ayer conprises formng a

Ireeea : .64 The.nmethod of .claimb59,

m rei ng?j ﬁga}fg{: go? (#%}fé%ﬁlgn &ﬁeom%? P OIVS%’E;]E mtai;erniaél
[ form ng a crystalline chal cogenide ma

| 3&?& thegmateriad laysriaod e tirl-chateGgbnidb Ryl fbriﬂlz_gj ath @bt a

formng the material |ayer conprises formng

. 'Nénﬂiﬁﬁﬁr The t hod .of claimb59, wherein
gg?g%g;t formng o Eéien%?" P?@Pg‘?faﬁléﬂamdom%ﬂuckness of ;che
tin-chal cogeni de | ayer conprise formng the nmateria

i i [ [ t hi cknesses
Ina3teriablagrer isdess thehalboaggs} de | ayer having
such that the nmenory device is pfogranrrtable a

ok QRGO TS B4, A TR hod, of Torming @
provi di ng a substrate;

providing a mask over the second electrode layer;

etching the material layer, the tin-chalcogenide layer, and the second
electrode to form a stack.

The method of claim 59, wherein the act of forming the material layer
comprises forming a chalcogenide glass layer.

The method of claim 59, wherein the act of forming the material layer
comprises forming a crystalline chalcogenide material layer.

The method of claim 59, wherein the act of forming the material layer
comprises forming a germanium layer.

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,
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64.

65.

66.

67.

formng a first electrode over the substrate; formng
a second el ectrode over the substrate; formng a

wonywtoai4sdo ne chal cogeni de material |ayer betweedTiise06/005618

first electrode and the second el ectrode; formng a
L&g-c?z}cogenide | ayer between the chal cogeni de
wethald difpemingd nidifosESOREe, $he tidiRgS: Jorging. a
silver layer between th@ﬁtin-éha?coé§ﬂ¢8%§ﬁ2§gpgﬁkﬁ%m
&ﬁ@ second el ectrode. 65. The nethod of claim 64,
érein the crystalline chal cogenide material [|ayer

and the tin-chal cogenide | ayer are forned havi ng

t proKaRpsesulssifdiet hat the menory device is
programuable a limted nunber of tines. 66. The nethod

of cl.aim 64, wherein the tin-chal cogenide |ayer and
tRETERE 3t PY ¢lpeiredewvergbnisubstrateer i al | ayer are for med
such that the ratio of the thickness of the

tfo hcegsn ta.the thickness of the
crystalline cL%F%%g%eﬁﬁ‘éeerQC]ﬁ‘ﬁfEP?tﬁ?tei ayer is less than
bout 4:3. 67. A nethod of forming a menory device,
PrRINE horystadline clsalogperide aokeriAla RN G Hirst
substrate;formng a first el ectrode over the

e te rmn second el ectrode over the
sbéggo?lg tagl;d he'SH A dediES e;

forming a tin-chalcogenide layer between the chalcogenide material layer
and the second electrode; and

forming a silver layer between the tin-chalcogenide layer and the second
electrode.

The method of claim 64, wherein the crystalline chalcogenide material
layer and the tin-chalcogenide layer are formed having thicknesses such
that the memory device is programmable a limited number of times.

The method of claim 64, wherein the tin-chalcogenide layer and the
crystalline chalcogenide material layer are formed such that 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.

A method of forming a memory device, the method comprising the acts

of:

providing a substrate;
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68.

69.

form ng a germani um | ayer between the first el ectrode
and the second el ectrode; formng a tin-chal cogenide

woayeroobsbween t he chal cogeni de materi al | ayer pamasive/005618

second el ectrode; and formng a silver |ayer between
the tin-chal cogenide | ayer and the second el ectrode.

6fbrring aeisNeKebde LM bubshikei n the ger mani um
e

| ayer and the tinchal cogeni ayer are formed having
thi cknesses such that the nenory device is
BragResrend elecirode ¢vauthesubstratd; nes. 69. The net hod

of cIain167, wherein the tin-chal cogeni de | ayer and
e RN B TR B sty Al e econd
ggégéﬁﬁgs of the germaniumlayer is |less than about
forming a tin-chalcogenide layer between the chalcogenide material layer
and the second electrode; and

forming a silver léyer between the tin-chalcogenide layer and the second
electrode.

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,

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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