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'ON [0001] The invention relates to the field of randorm S é‘ézég))
memory (RAM) devices formed using a resistance variable materlal.
BACKGROUND [0002] Resistance variable memory elements, which
include Programmable Conductive Random Access Memory (PCRAM)
elements, have been investigated for suitability as semi-volatile and
non-volatile random access memory devices. A typical PCRAM device is
disclosed in U.S. Patent No. 6,348,365 to Moore and Gilton. [0003] In a
typical PEBRMFTAEMNEE, ¥ ABRABE/MENISTRY, BIMIas ANE, is
incorporated into a chalcogenide glass. The resistance of the
chalcogenide glass b OBF B G FHBN higher resistance and
lower resistance states. An unprogrammed PCRAM device is normally in
a higher resistance state. A write operation programs the PCRAM device
to a lower resistance state by applying a voltage potential across the
chalcogenide glass h\gﬁtﬁ@@@ﬁ%&]ﬁﬁm 2005/024899 and
forming a conductive pathway. The PC evice may then be read by
[0001}] The mventlonArelates to the field of random access memory

(RAM) devices formed using a resistance variable material.

BACKGROUND

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

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

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

resistance state by applying a voltage potential across the chalcogenide glass



applying a voltage pulse of a lesser magnitude than required to program it,

‘ istance across the memory device is then sensed as higher or

wo 6\?\%@?? tsgefine the ON and OFF states. [0004] The progIFgr%%gez‘éf)fé{/z\/grg9
resistance state of a PCRAM device can remain intact for an indefinite
period, typically ranging from hours to weeks, after the voltage potentials
are removed; however, some refreshing may be useful. The PCRAM

andPieRIRR BEHEIMNRAIHS NIgReL BEisialFg state b lying &
reverse goltage potential of a oub{?tlﬁe Csg:ame og&g}%ﬁﬂé;#%d@é@%@gd
ower resistance state. Again, the higher

QW ite the device to the _
ap Fe }Sﬁdﬁ(‘:’éﬁ SPAAR Irsﬁl"afi"nf‘aklﬁ“c’é;ari Wﬁ@ﬂ%&%ﬁﬂrﬁ%‘é’fﬂé fAdAREFasRde the
voltg%e potential is removed. In this way, such a device can function as a

the TESIFRNCE ATRITIDHTRATAITRNIRS it teersseneerbaishigiver stalesewhich

can define two respective logic states, i.e., at least a bit of data. [0005]

defectleseiipiad) PBRstdvesevice uses a germanium selenide (i.e.,

GexSeiao.x) chalcogenide glass as a backbone. The germanium selenide

glass has, in the prior art, incorporated silver (Ag) and silver selenide
[00p4]2a-xSeThiooagi mrevislibwerldsjsthecinvmariast hasdreemditgsiedin

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

rernfisiivesdt mgm%&s&ﬁ@?&&@&iﬁ%é S RSIE LS
sulfide in combination with a silver-metal layer and a ’
after the voltage potentials are removed; however, some refreshing may be
useful. The PCRAM device can be returned to its higher resistance state by
applying a reverse voltage potential of about the same order of magnitude as
used to write the device to the lower resistance state. Again, the higher
resistance state is maintained in a semi- or non-volatile manner once the -
voltage potential is removed. In this way, such a device can function asa

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

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

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

has, in the prior art, incorporated silver (Ag) and silver selenide (AgoSe).

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

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



chalcogenide glass layer. Although the silver-chalcogenide materials of

%ﬁ prigf-art memory devices are suitable for assisting in the formation of
WOa g(/)ndguctlve channel through the chalcogenide glass |ayngf8§2§‘l\/8%‘”§ﬁs

to move into, other non-silver-based chalcogenide materials may be
desirable because of certain disadvantages associated with silver use.
For example, use of silver-containing compounds/alloys such as Ag2Se

1 %] eratlon roblems in the, CRAM elayerlng and
Segl% 4 8?(%55’5%, ase&0 \lﬁce%canno Wsthg?ar%eﬁ eﬁr‘?ﬂ:‘é@smg
temperatures, e.g., a roaching 260C and higher. Tin (Sn) has a reduced

@%ﬁ&f@ﬁ&&wﬁ% %%& wEdhalemrenidaapierials of the

tin-chalcogenides are less toxic than the silver-chalcogenides. [0007]
Priveseangntgg Bewnesond svitablatothesigmgfithineflorsafiSnSea (tin
selenide) as switching devices under the application of a voltage potential

comdtoss thdditme! ltHras gie e fdunehfiat de 330A1 SRS eH BT SBOWSS to
non-volatile switching between a higher resistance state (measurable in

mdVOk0) aa@@n&%@%@ac&%gméﬁw@ aﬁa% mhe %le

potentlals of 5-15 V are applied by forming an Sn aterial e g-,a

b p% cldrite) Also sthe addi tlon of Sn.t ioax glass, WhICh IS a
© alcogé%léie g éssaga GHIGHE oolfﬁac?et ?‘gcﬁﬂel rn‘fg 9%%&
h h enough potential, e.qg., >4O V, is applied 3 WO 2006/019845
mgonnds/aﬂoys 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

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

silver-chalcogenides.

[0007] Research has been conducted into the use of thin films of SnSe
(tin selenide) as switching devices under the application of a voltage potential

- across the film. It has been found that a 580 A SnSe film shows non-volatile
switching betwéen a higher resistance state (measurable in MOhm) and a
lower resistance state (measurable in kOhm) when potentials of 5-15 V are
applied by forming an Sn-rich material (e.g., a dendrite). Also, the addition of
5n to a GesSewox glass, which is a chalcogenide glass, has been found to

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



across the chalcogenide glass. However, such switching potentials are too

WO %990 LA viable memory device. SUMMARY [0008] Th%?l\“fﬁgtiﬂg/ous%
provides a resistance variable memory device and a metho of fdrmlng a

resistance variable memory device. [0009] In one exemplary embodiment,
the invention provides a memory device having a stack with at least one
layer of tin-chalcogenide (e.g., Snti-SSe, where x is between about 1 and

[ irst chalcogen) | er. The stack of layers

ac%ﬁ%ﬁséﬁgig%gﬁ:ﬁg%(%ﬁ%@%%s ay%ﬁ%%i}ﬁ?gﬁ%%aok%Sfﬁégqayer is

hjf rmed hetween two conductive layers or electrodes. In other exemplary

Boaimd %?%%Yn@‘éﬂﬁ%n, similar memory device stacks may contain

more than one chalcogenide glass layer and an optional metal layer. The
invention provides structures for PCRAM devices with improved
temperature tolerance and methods for forming such devices. [0010] The
above and other features and@fypiigages of the invention will be better
understood from the following detailed description, which is provided in

[0088hnectioThdtintiea tiaor pryadssngreatuingsy 4 MR 2906561 884Rke and
PCT/US2005/024899 BRIEF DESCRIPTION OF THE DRAWINGS

a method of forming a resistance variable memory device.

[0009] In one exemplary embodiment, the invention provides a
memo?y device haviﬁg a stack with at least one layer of tin-chalcogenide (e.g,,
SnixSe, where x is between about 1 and 0) proximate a first chalcogenide
glass layer. The stack of layers comprising a first chalcogenide glass layer and
a tin-chalcogenide layer is formed between two conductive layers or
electrodes. In other exemplary embodiments of the invention, similar
memory device stacks may contain more than one chalcogenide glass layer
and an optional metal layer. The invention provides structures for PCRAM
devices with improved temperature tolerance and methods for forming such

devices.

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

provided in connection with the accompanying drawings.



[0011] FIGS. 1-10 are illustrations of exemplary embodiments of memory
' in accordance with the invention. [0012] FIGS. 11-14 illustrate
Wog@e{{n&%%? sequential stages of processing during the fabHEAtER P &80
memory device of FIG. 1 in accordance with the invention, [0013] FIG. 15
shows an exemplary processor-based system incorporating memory
devices in accordance with the invention. [0014] FIGS. 16a, 16b, 17a, and
17b are graphs showing exemplary operating parameters of a memory
device in accordance with the invention. DETAILED DESCRIPTION

[0015] In the BRIBFINESeRiEYIGRSWPtAEBRIGARIE Hade to various

specific embodiments of the invention. These embodiments are described
[0%ith sufficiéleactf mreluseations efighemiplane cmbiodprsstisethe
invention. It is to be understood that other embodiments may be
memplpyedjcenid trabvdaiorsattuthuialyéagisal and electrical changes may
be made without departing from the spirit or scope of the invention. 5 WO
29061019545 PCT1US20051024599 [00161 The term "substrate” used

[0G@2he folloWifg. desttiphiceraayxdnohlale 3k LGS B PR Eessing
including, but not limited to, a semiconductor substrate that has an
- duepoaRdMMBSIFRIR SUERGEndYy device of FIG. 1 in accordance with the

invention.

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

incorporating memory devices in accordance with the invention.

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

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

DETAILED DESCRIPTION

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

without departing from the spirit or scope of the invention.



semiconductor substrate should be understood to include
WO §'1,I‘5((; gg-g):lnsulator (SQI), S|I|con-on-.s.apph|re (SOS), doped and undoped
sem}lacon uctors, epitaxial layers of silicon supported by gCBFé%SeZOOD/OMSE‘)

semiconductor foundation, and other semiconductor structures. When
reference is made to a semiconductor substrate or wafer in the following
description, previous process steps may have been utilized to form

0 ions orﬂg Q%&Lﬂ ver, the baseg semiconductor or foundation. The
[ substrate neeg not be. gétr%tcgonu Uc 8?%%5@31?%%%&%8’5‘89 %ar?bort
. structure suitable for supporting an integrated circuit, including, but not
incli R el

B oS HRERIEN & IS Y ReSE L B REF RS tardd any other

supportive materials as is known in the art. [0017] The term "silver" is
senieenduqgtes rdisidetn Srasdigselarexpatdsilvestbte sikfecavith other trace
metals or in various alloyed combinations with other metals as known in

sertienemicanaictoatnshistly, ksdadgransaeb iniMeidayds-eRdGIMS .
and as long as the physical and electrical properties of the silver remain

| (S&ﬂ%%@n@?ﬁﬁ@?@@)?%ﬁéﬂ%@l%%@@gé‘ﬁ%—.%n@g&gghe term

"tin" is intended to include not only elemental tin, but tin with other trace

eni ‘ %tﬁl%%gg %/xaﬂﬁgos alloyed tC(gngin tions with other m talsgas, known in
Plihe semiconductor AUSEY. 8s Jn%;%fss ORI 95 FRBREAEaDe 28
as long as (}he hg/sical and electrical properties of the tin
other semiconductor structures. When reference is made to a semiconductor
substrate or wafer in the following description, previous process steps may
have been utilized to form regions or junctions in or over the base
semiconductor or foundation. The substrate need not be semiconductor-
based, but may be any support structure suitable for supporting an integrated

circuit, including, but not limited to, metals, alloys, glasses, polymers,

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

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

of the silver remain unchanged.
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remain unchanged. [0019] The term "tin-chalcogenide" is intended to

ol yarious alloys, compounds, and mixtures of tin and chalcogens

wo @%"ﬂgﬁ)fmr (S), selenium (Se), tellurium (Te), polonium fﬁgﬁU 28‘(’1"%52(3‘/899%
(0)), 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 Sm./-.Se. Though not being limited by

oA darticularstoichiometyic ratio between sSn and Se, devices of the
[ p@sent in\?ﬁr%tiggﬁqug%gall? %?c:tr%npr?éatgﬁn ‘%‘ﬁ&%&%@%&%ﬁ%&lw@r@k ?é‘r‘iges
._between about 1 and about 0. [00201 The term "chalcogenide glass" is

i R A TOTACR FTe 15 S5dR VerRREoRHoNSE spTabisrsivasteiticottirom
group VIA (or group 16) of the periodic table. Group VIA elements (e.g.,

mefals asknrendndirorars aidocteféndstoyasschalgageneh [0y Tige

invention is now explained with reference to the figures, which illustrate

comdertipiannenabadiments epryiicaLenoutomaich e sefarengend YO
2006/019845 PMUS2005/024599 numbers indicate like features. FIG. 1.

reﬁ%@@ﬁé@mplary embodiment of a memory device 100 constructed in
accordance with the invention. The device 100 shown in FIG.1 is
supported by a substrate 10. Over the substrate 10, though not

[oonepessarilydirgety ’%—&QIWQW?S M@é@dl i&l)eugfc%ﬁg@ i?ar}ious
alloys, compounds, and mixtures of tin and chalcogens (e.g., sulfur (S),
selenium (Se), tellurium (Te), polonium (Po), and oxygen (0O)), 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
Sniv=Se. Though not being limited by a particular stoichiometric ratio
between Sn and Se, devices of the present invention typically comprise an

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

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

referred to as chalcogens.

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

which illustrate exemplary embodiments and throughout which like reference



serves as an interconnect for the device 100 shown and a plurality of
_—_— Blag[” mllar devices of a portion of a memory array of which the shown
evice 100 is a part. It is possible to incorporate an optidia FeUaAE?
layer (not shown) 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

ful for.providin inter Ilne such as doped po silicon, silver
i UM ARO B e ool lne such s dobed poalcon.

platinum (Pt), titanium (Tg6 and other materials. Over the address Ilne 12

m@%ﬁfé? ErJHSMSIRTEA 18 Aetdancamithathaiavrnieniaybe dayighich

is also over the address line 12. This electrode 16 can be any conductive
10fheheral &t il rosupippatediinoa shbitogenide@lasshbstispsefambly
tungsten (W). The insulating layer 14 should not allow the migration of

theilgerrionacessedly keraniynss) alinaditidevsyeiasSHlicomniigs,(SiaN4),

a low dielectric constant material, an insulating glass, or an insulating

seRU IOl AR ANIIHACS UARTTBRIRIR DM 3906/9%984

PCT/US2005/024899 [00221 A memory element, | Srtidn Bt the
m 100, .whic stores informatign, is formed over the first
st gactr8 %ﬂgg C{e O g iment’ %S\Wﬁyr?%@“ﬁpg‘ 38R dexics dBRide

lass 1.8, preferably germanium selenide SGexSeloo .X), is provided over
is ﬁ‘s{te‘l‘?&%gélﬁ ) fipgrporate an optional insulating layer (not shown)

between the substrate 10 and address line 12, and this may be preferred if the
substrate 10 is semiconductor-based. The csnducﬁve address line 12 can be
any material known in the art as being useful for pr0v1dmg an interconnect
hne, such as doped polysilicon, silver (Ag), gold (Au) copper (Cu), tungsten
W), nickel (Ni), aluminum (Al), platinum (Pt), titanium (Ti), and other
materials. Over the address line 12 is a first electrode 16, which is defined
within an insulating layer 14, which is also over the address line 12. This
electrode 16 can be any conductive material that will not migrate into
chalcogenide glass, but is preferably tungsten (W). The insulating layer 14
should not allow the migration of silver ions and can be an insulating nitride,
sush as silicon nitride (SisN4), a low dielectric constant material, an insulating

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



germanium selenide is preferably within a stoichiometric range of about

wo F5éRReso to about Ge43Ses7, most preferably about Ge4oSeeo.
layer of E:halcogenide glass 18 is preferably between aboul 160"~
about 1000 A thick, most preferably about 300 A thick. Layer 18 need not
be a single layer of glass, but may also be comprised of multiple
sub-layers of chalcogenide glass having the same or different

ichiomejries, This layer of chalgcogenide glass 18 is in electrical contact
00Z2h the un‘%?}%/%ng%léilgﬁlggé’ o Faﬁ%gi%geqﬁ%g BhERYyetfieg s
layer 18 is a layer of tin- chalcogenide 20, preferably tin selenide (Sn
WW&?@?WQ@WW@@WWWI dhefoptieiectedetssipitheat other

chalcogenide materials may be substituted for selenium here, such as
embadimentdharoindliGidam e tid cohlatmggedidgliayas 2frigepseferably

about 500 A thick; however, its thickness depends, in part, on the
gethiskhassebthéc(Cieting, b pengenidevaass meilarJheatiogl the

thickness of the tin-chalcogenide layer 20 to that of the underlying

geshaltagenide gassiaverddshauld behetween. %%5}%1%13?0” ggout 11,

more preferably about 2.5:17 9 WO 2006/019845 4899

GelQQ2 il r klgrri |10 FIG. 1 nl( tal la er§2 s prqvided over the tin-

c%é?&kéégn%gg gf/?g’rg S0 Wit §ﬁ€eerfl %@b@éh Eﬁ‘?g?&’rrggi“é?ﬂ% Hhetal. This
etal Iaéler 22 should be about 500 A. thick. This_silver (or other metal)

Ché}rg nude glass 18 is preferably between about 100 A and about 1000 A

/;)I—quw)
ané '

thick, most preferably about 300 A thick. Layer 18 need not be a single layer
of glass, but may also be comprised of multiple sub-layers of chalcogenide
glass having the same or different stoichiometries. This layer of chalcogenide

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

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

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



22 assists the switching operation of the memory device. Over the metal

Wolf?\/)ﬁfo@z%:!s a second electrode 24. The second electrode 24 can be made
of the same material as the first electrode 16, but is not F&}iﬁﬂ%zaﬂf’é%ﬁ)s'o.

In the exemplary embodiment shown in FIG. 1, the second electrode 24 is
preferably tungsten (W). The device(s) maybe isolated by an insulating
layer 26. [0025] Devices constructed according to the embodiments of the

ipgyention, icularly tho ing a tin selenide layer (e.q., layer 20)
[O(??l)s{gosed p?r"%gi ma gé‘%ﬁ% C(j&g]agh ﬁjg‘é‘ﬁ%%lsgngg (& 5){0?3;&8%)8%%\;“‘”
improved temperature tolerance. [00261 In accordance with the
chalenwstide RS SWatFIEyer (hea besrameeéarie atdiedactel T the
tin-chalcogenide layer 20 provides a source of tin selenide, which is
metddpyer k2 dhipedddha iogerioR dssdaFbisi8lvat dorartilisioning] stepeafter
formation of the memory device 100. Specifically, the conditioning step

22cassisessappliing aReteird AHOsRHE AR, elemant siugyssHf
the device 100 such that tin selenide from the tin- chalcogenide layer 20 is

22 RGPERAIRI B heshairoganide glass lavs W3 2008/010W
PCT/1JS2005/024894 thereby forming a conéu%%n%gcrﬁgcﬁﬁg t%reo%agrﬂethe

Cloa%ﬁﬂiadiergtl%?es aé/c% 1368bMovement of silver. ions into or out of that
C 7,

hal
macceﬁau ing channe %urlng SUBSE QAT PHEGFRIRRY 1dfhtB% conductive

con

athway, which causes a
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.

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

temperature tolerance.

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

chalcogenide layer 20 is incorporated into the chalcogenide glass layer 18,
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detectible resistance change across the memory device 100. [0027] In
WO%;W devices, a silver-chalcogenide such as silver selenide has been
In

(sed in place of the illustrated tin-chalcogenide layer 20. KR 2305/024899

relatively thick layer of silver is sputtered directly onto silver selenide (as
an electrode or a metal layer), it has been found that agglomeration of
silver at the silver silver-selenide interface typically occurs. Such

ion can, cause subseguent progessing problems _during
the%aﬁugact?rig o 8nr%lelﬁ1o§/':%da§\l/rllcegﬂggg%ﬁ Q‘ﬁﬁ&#ﬁ%ﬁ?@éﬁc@qmﬁ
18 irﬁt%ead of a sjilver-chalcogenide layer in such a position prevents this
‘SIVEY G et ARG s tt e iaheoarisiing yrhannel during
silver-chalcogenide has in the prior art in relation to formation of a
subssAyERtiREOEhannen0oPes Atsndustivs pathiehplsoiehidaikayer, such as
layer 20 in this and other embodiments of the invention, offers improved

deteniipiersdsiseantailipnfer athessapulfingripyige 4601 h@r example, devices
incorporating a tin chalcogenide layer in accordance with the invention are
able to withstand annealing temperatures during processing of 260C for 5

[o0Rhutes; ddtREMAMIdeWEs2006:01 884536 EAd 2005024399516 .

which PCRAM devices utilizing a silver-chalcogenide layer cannot

haslBEaSCH [RGAR1FFr2 MRS SRGHRSHAHERIRRY LAY
relatively thick layer of silver is sputtered directly onto silver selenide (as an
electrode or a metal layer), it has been found that agglomeration of silver at
the silver silver-selenide interface typically occurs. Such agglomeration can
cause subsequent processing problems during manufacture of a memory
~device. Use of a tin-chalcogenide layer 20 instead of a silver-chalcogenide
layer in such a position prevents this silver agglomeration and works at least

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

formation of a conducting channel.

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

annealing temperatures during processing of 260°C for 5 minutes; a thermal
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device 101 constructed in accordance with the invention. Memory device

WO}]%L(‘/U%\&imany similarities to memory device 100 of FIG. 1 and layers
esignated with like reference numbers are preferably tHe& SArERSERAlS

and have the same thicknesses as those described in relation to the
embodiment shown in FIG. 1. The primary difference between device 100
and device 101 is the addition to device 101 of an optional second

t %lﬁi) i | layer 18a and an optional third %;alcogenide glass

® yer f%b iO%ggia%h‘gé/gspﬁﬁ%fnsééosﬁ%ech%%kﬁgﬁmg B IRt 8a is
.fg‘rme(éover the tin-chalcogenide layer 20, is preferably Ge4oSebo, and

WA rably about 150 A thick. Over this optional second chalcogenide

glass layer 18a is a metal layer 22, which is preferably silver (Ag) and is
referably about 500 A thick. Over the metal layer 22 is an optional third
[0 AIcogenith gfatomy @nolisT Gisplarprenbadin au468evemony is
preferably about 100 A thick. The optional third chalcogenide glass layer
dey@y Hdviersranted e simoidgecdoritulisemventi@le egw foraeationiods
with layer 18 of FIG. 1, layers 18a and 18b are not necessarily a single

hatayenbsitilayithe eomprisng abmedtipesudayess %WQd%Q%ﬁéQ&c?S“
PCT/1JS2005/024899 Additionally, the optional secorid and third

wilhBleoaaBideayERHER2 200 b X Pe g different chalcagenide glass
from the first chalcogenide gl)ass Iaygr 1880r rom each 6 %%adfh
sarﬁ@ %Qﬁr%gge% giat%%%g eg}:r%%é tﬁlerléle a%cgll'lft%r hésembodiment shown in
FIG. 1. The primary difference between device 100 and device 101 is the

addition to device 101 of an optional second chalcogenide glass layer 18a and

an optional third chalcogenide glass layer 18b.

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

necessarily a single layer, but may be comprised of multiple sub-layers.

12



purpose include, but are not limited to, germanium sulfide (GeS), and

ination of germanium (Ge), silver (Ag), and selenium (ger%. 0031
wo %gg}ra% %}%ptional third chalcogenide glass layer 18b is a%eltd ("’/{'Z“J‘”

electrode 24, which may be any conductive material, except those that will

migrate into the stack and alter memory operation (e.g., Cu or Ag), as

discussed above for the preceding embodiments. Preferably, the second
ve-discussed embodiments

lectrode 24 is tungsten (W). [0032] The abo
A§$Fé |§F§/ %‘?HB&BT&%CH&C‘ @rielm@ha RpieaYeBHER erdrihary
embodiments as shown in FIGs. 3-10, may be used. FIG. 3 shows an
maybmhplaiijcasnbsamsegetiveginsikborafdrefics uttvermbhtgbken figeres
designate like features) in which the memory device 102 does not

18incérporateteditercldikadhA6sepataigidom dat address gl the
memory device 102 utilizes a combined address line and electrode

putiusiiiRILId SuhaeRy allia e AmARRIIR BRRIENELIIGIE, SITple I

design and fabricated in fewer steps than with the em ents 13 WO

%%84}55 % / 2(1%5/02‘ 899 shown in EIGs.1-2, The address line
COang eé\ectrgd %trt%gnj%%l ffﬁs}ivég’)l/ Bie&%gn csiasref%gnﬁ‘ﬁ{‘e P4l as discussed

above for the first electrode 16. [00331 FIG. 4 shows a memory device
Oéﬁi define@)vg{,ecg\ inantly, by .the position of the second electrode 24.
[ Thé underlying Ia)%?rérag?l%ﬁye 'tﬁ]%ed rr?l&fi&ogemge g{ass ?ayer 18b 1s a second
electrode 24, which may be any conductive material, except those that will
migrate into the stack and alter memory operation (e.g., Cu or Ag), as

discussed above for the preceding embodiments. Preferably, the second

electrode 24 is tungsten (W).

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

simple in design and fabricated in fewer steps than with the embodiments
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element, i.e., the chalcogenide glass layer 18, the tin-chalcogenide layer

wo 9/@Rg,the metal layer 22, are blanket layers formed o bined,
g(gvdress ~ilne and electrode structure 12/16 and substrafi@ggmwﬁsn

Alternatively, a first electrode 16 separate from an underlying address line
12 may be used, as with memory device 100 shown in FIG. 1. The
position of the second electrode 24 defines the position of the conducting

sheanpekfermatiorat m%merameﬁ;&poa@%m&&@@%wagfw@z

during operation of the memory device 103, thus, in this way second

safleqiiade 44 definesns localion of the memary fleyice 103. [00341 FIG,
shows an exempféry embodimeént (where Tike refeténce numbers
between figures designate like features) where the memory element is

icated iy a via,28 formed in an,insulating,layer 14 over an address line
[Q(g?r% electrollfjkeé stroieove A 3fE0 %geigll)? lﬁ%‘#ﬁﬁ%rﬂﬁ?%m{yﬂ By
chalcogenide glass layer 18, tin-chalcogenide layer 20, and metal layer
the pogiiapal hetre slagtensiardac ba wndsbrin marysddpbsimenover the
insulating 14 WO 2006/039845 PCTIUS2005/024899 layer 14 and

elespertrafe o ghdlongenidedldss 28/ evds the tiverbskdigenadwlagiaciode
structure 12/16. The layers 18, 20, 22, and 24 are patterned to define a

andttokmaved tageriaz? 8revietkis RigheddarenodheCcnpried areLy
device 104. Alternatively, a first electrode 16 may be used which is
in8RpRralecttalk Weucture 12/16 and substrate 10. Alternatively, a first
electrode 16 separate from an underlying address line 12 may be used, as with
memory device 100 shown in FIG. 1. The position of the second electrode 24
defines the position of the conducting channel formation at the conditioning
step and the conductive pathway during operation of the memory device 103,

thus, in this way the second electrode 24 defines the location of the memory

device 103.

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

well as the second electrode 24 are conformally deposited over the insulating

14



underlying address line 12. This separate electrode 16 may also, as

wo e },1@5 alternative, be formed in the via 28 prior to the formation of th
gﬂ’alcoggnlde glass layer 18. [0035] FIG. 6 shows anothe(f:e/>'gén%*rﬁéu2§3899
embodiment of a memory device 105 constructed in accordance with the
invention. Memory device 105 has many similarities to memory device
100 of FIG. 1 and layers designated with. like reference numbers are

referab es hav he sa e‘?_% ensions as those
1a3pee:{§r| %sl%%re a{n taol}?ge embo ﬁ’oﬁn g‘eis g 105 is
supported by a substrate 10 and is over an address line 12. The device

el%@@%&@ﬁ%{%ﬁé&ﬁad@\iéﬂszeeq%ﬁc%@@%@g| Béarapattesieddp debiirst

electrode 16, and a tin-;halcogenide layer 20 over the chalcogenide glass
a stagkoy8r thehim éfewipidrisertbeditndntnttb senapibalécitaderddsvice
positioned over the tin-chalcogenide layer 20 and contains a metal, such

108 ASibiera tiviigh mg@l@ﬂaeﬂcwI@@lﬁi%%\%&@ﬁl%i&?&%ﬂ;{ﬁ?ﬁ@e@}% s
high conductivity (high to low resistance). i5 WO 2006/019845

onB&RAAd SAO0RIO0RAETS [PRRALPLR,.L ShaNsATRherL el o,

embodlment of a memory devic 6 constructe ccdrcfance With the
ajpinve ce 1(% has many |m|Iar|t|es to memory device

B b TR SN e g R

reference numbers are preferably the same
glass layer 18.

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

conductivity (high to low resistance).
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materials and have the same dimensions as those described in relation to

odiment shown in FIGs.1 and 2. Device 106 of FIG. 7 is _
WO%%"&‘%%& by a substrate 10 and is positioned over an VLS [ Vo it

Device 106 has a first electrode 16, a chalcogenide glass layer 18 over
the first electrode, and a tin- chalcogerdde layer 20 over the chalcogenide
glass layer 18. A metal layer 22, preferably silver, is positioned over the

in-chalco ide layer 20. Over the metal layer, 22 is positioned a second
[Oogﬁlalcogen%gg'geﬁgg Yg%?ﬂ% rﬁ/’?ﬁ%}ﬁ% R HEIERH A BRERATES the
first chalcogenide glass layer 18. Over the second chalcogenide glass
devigrel Opsonsaued i aersnecouitiode7nrrations Hylemanodeeice 106
exemplary embodiment of a memory device 107 constructed in
hasmenny simcianittiest e nimrentip de e 00yod SVE el Hid hasdany SFiariies
to memory device 100 of FIG. 1 and layers designated with like reference

andlpBieIac3IgrimeEaRlyIke reama FRalgHAS A e 61 S Eame

dimensions as those described in relation to the embodirient shown in
mafead aREHIER Y s%fg%l%nﬁ Rpybporied by supsiiate é}" and is
positioned ovgr an address #ﬁ\segf%%ﬁé%?gg ?%Sfﬂ%géal?ifs %‘?8&?8&5916, a
emggglcoeqﬁfnﬁe 16_Wgcg(é20§16/0 9845 PCr/17S2005/024899 glass layer 18
overthe fireP BB Ao antld fin RREtONhRId 15y rioparartpd by a
chalcoéggenide' glass layer 18. Over the tin-chalcogenide layer 20 is an
subsifafe LB aidimperitionodhrsreTaprddrapijine EhileyRe)l66 tinsoxfiet
(SnO). The
electrode 16, a chalcogenide glass layer 18 over the first electrode, and a tin-
chalcogenide layer 20 over the chalcogenide glass layer 18. A metal layer 22,
preferably silver, is positioned over the tin-chalcogenide layer 20. Over the
metal layer 22 is positioned a second chalcogenide glass layer 18a, which may

be the same material as the first chalcogenide glass layer 18. Over the second

chalcogenide glass layer 18a is a second electrode 24.

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

over an address line 12. Device 107 has a first electrode 16, a chalcogenide
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alloy-control layer 21 can be about 100 A to about 300 A thick, preferably

WO%(?O?’ 1890 A thick. A metal layer 22, preferably silver, is positioned over
&lidy-control layer 21. Over the metal layer 22 is a s&CIHEPRIERIHY

24. The addition of an alloy-control layer 21 (above or below the
tin-chalcogenide layer 20) improves the electrical performance of a
PCRAM cell. [00381 Excess tin in a PCRAM stack may prohibit the

n |s is due, at least in part, to the formation
B T A e b AL o I B G GRTEH G
To avoid the formation of excess Sn (or Sn2+ or Sn') which will
m@ﬁﬁﬁ@ﬂ@&ﬁfﬁﬁﬁﬁ&ﬁré&l&v%%% kogenideAnrenaBisaapbeyormed
with an alloy-control layer 21 of Se or SnO in two different locations:
conpspltayiee 2in-vhdtbdg enider iy s@eranoh (Selou tedinde8leOyenide layer
20. Both of these cases show good electrical switching. However, the

allbpsiontritt hipgria fednbiBEuicE® Haning i Boglﬁalﬁgg@m@e@sq‘j 20 of

preferred SnSe in direct contact with the chalcogenide glass layér 18 and
s theraley Aoolayer 23 sahots g nide 20 layer, as
shown by FIG. 8. 17 WO 006/ 9845 P‘ég 2%0%%339&%% (60535 1t is
llg I hata n 2+o freed up ring switchin (When
a ﬁ%pg%%%om tﬁre%r?reée‘r’% f-ch %? % ésléfgf: g%%@r Afo’4h
a dghalcog}enlde glass layer 18 structure and creates a conductive pathway)

1tion 6t an alloy-control layer 21 (above or below the tin-chalcogenide

layer 20) improves the electrical performance of a PCRAM cell.

[0038] Excess tin in a PCRAM stack may prohibit the PCRAM cell from
switching. This is due, at least in part, to the formation of an Ag/5n alloy
which prevents the Ag from participating in switching. To avoid the
formation of excess Sn (or Sn or Sn**) which will subsequently impair device
performance, a PCRAM stack may be formed with an alloy-control layer 21 of
Se or 5n0Q in two different locations: above the tin-chalcogenide layer 20 and
below the tin-chalcogenide layer 20. Both of these cases show good electrical
switching. However, the best switching is found in devices having a tin-
chalcogenide layer 20 of preferred SnSe in direct contact with the
chalcogenide glass layer 18 and where the alloy-control layer 21 is above the

tin-chalcogenide 20 layer, as shown by FIG. 8.
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excess Se or SnO from the alloy-control layer 21 interacts with this Sn and
vents jt from alloying with Ag or from migrating into the chalcogenide
wo g{g(é/ﬂ%;:ér 18. [0040] Improvements include data retentigﬁTéﬂ%z%'B/é’g‘l‘BW
cycling, as well as a decrease in the read disturb of the OFF state. The
read disturb is the tendency of the device to turn ON after reading
multiple times when it is programmed to the OFF state. (0041] FIG. 9

hows anqther exemplary empodiment of a memory device 108
[0038 structe ]ﬁl{)fg%é’ Had Sitndes %\?@rﬂfoﬁ’ﬁﬁ%ﬁ RPHMACLDE has

many similarities to memory device 100 of FIG. 1, device 101 of FIG. 2,
switdaing Gebriethe Pofors tis anefeayrst sinabigleagsuiditiolies 28favencrto

numbers are preferably the same materials and have the same
thedilmdagionslag iieday dereshadindaladioretnddie @mbadimepisheayn in

FIGS. 1, 2 and 8. Device 108 of FIG. 9 is supported by a substrate 10

ex@BSIIS POSHIP RRAOYE AR AIRRS IR b2 -1RRYice: 108 as.a st

electrode 16, a chalcogenide glass layer 18 over the first electroc(i{e, and a

in: i er ver the chalcogenide glass o .
P reg%(%?ﬁgcgfg g@%&z&%ﬁé’ﬁw %uy%rr%%@gAur}ggl oﬁ-]%]%%?ﬁqﬁ%er 21is
gla%(iwideiover the tin-chalcogenide layer 20. Over the alloy-control layer

@’ﬁro ftioned a second chalcogenide glass layer 18a, which may be
the same material as the first chalcogenide glass layer

[0040] Improvements include data retention and possibly cycling, as
well as a decrease in the read disturb of the OFF state. The read disturb is the
tendency of the device to turn ON after reading multiple times when it is

programmed to the OFF state.

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

first electrode, and a tin-chalcogenide layer 20 over the chalcogenide glass
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18. A metal layer 22, preferably silver, is positioned over the second
nide glass layer 18a. Over the metal layer 22, is a third
wo f’J(lgg‘)ggnlde glass layer 18b, which may be the same rﬁgiré};%ﬁog?%‘g”

flrst two chalcogenide glass layers 18 and 18b. Over the third
chalcogenide glass layer 18b is a second electrode 24. [0042] FIG. 10
shows another exemplary embodiment of a memory device 109

trycted in accordance with the inyention. Memory device 109 has

YA TR0 R APHGh BBV oG LT e L pe AR 2,
device 107 of FIG. 8, and to device 108 of FIG. 9 and layers designated
20. {itvienifhe ritererrrtTaliber Zhiensetioresharroeathdnicogenidegidshave

the same dimensions as those described in relation to the embodiment
layshdden irhiiGmay b2 Hieaache niewisd d0DefiFdGehhliszshivaries byée
substrate 10 and is positioned over an address line 12. Device 108 has a

18.fisshelectade 18 prdaashalaeeenidsalassdavriel e uerthg first

electrode. An alloy-control layer 21 is prowded over the chalcogenide

chdlB3EIRELAS, ﬁjﬁ} F82 008IAE NS OISOV G A Xapapirlayer

vert e tin-chalcogenide layer posmoned a secon

%% Fég]eéélde Ss Ia§/§ éga which may be the same 19 WO )
5008 /52888 Rl @t S sE e roritestuArie
glass layer 18. A metal layer 22 FPreferably silver, is posmoned over the

glaslagiser dRAREEMAO yraidbadhirr Kbalcogenidroglass layer 18b is a

second electrode 24.

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

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

positioned a second chalcogenide glass layer 18a, which may be the same
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metal layer 22, is a third chalcogenide glass layer 18b, which may be the
] aterial as the first two chalcogenide glass layers 18 and lab. Over
WO%@%? 43chalcogenide glass layer 18b is a second electrﬂélﬁﬁ?”[ﬁbzlfﬁg
FIGs. 11-14 illustrate a cross-sectional view of a wafer during the
fabrication of a memory device 100 as shown by FIG. I. Although the
processing steps shown in FIGs. 11-1.4 most specifically refer to memory

evice 100 of FIG. 1, the methods and technpiques discussed may also be
G 15 D D TR e P T o0 e ICMETES o EEr by
_ person of ordinary skill in the art based on a reading of this specification.
silygnds pagtignsshPrsr the sacordl shplipganite glgnolavenilfas Puicdted
above, the substrate 10 can be semiconductor-based or another material

metridfyten@ais aphodingabtogenicke gdass kngswn 8b, tdiak nifgesined, sathe

optional insulating layer (not shown) may be formed over the substrate

mal&idhes ertionakinsulatinsplaver pRyhe Hicen Hilide.orberpsHiaing

materials used in the art. Over the substrate 10 (or optional insulating

chel?c%‘%eﬂ[&e iéggiaygﬁc%q%%%é%&gcgg?es&&%% 14 is formed by depositing a

conductive material, suc oped polysilicon, aluminum, platinum,
silver, gold, nickel, but 20 WO 2006/019845 PCTIUS2005/024899

ookseferablygiingstens %ﬁﬁg{ g opgor.mare eonductive lines, for.instance
[ with photolithographic tec n%ues, and ete ?r?gv It%“ﬁ%#iﬁé” & addre8stine
fabil’lzc‘aﬁon of a memory device 100 as shown by FIG. 1. Although the
processing steps shown in FIGs. 11-14 most specifically refer to memory

device 100 of FIG. 1, the methods and techniques discussed may also be used

to fabricate memory devices 101-109 as would be understood by a person of

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

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

such as doped polysilicon, aluminum, platinum, silver, gold, nickel, but
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The conductive material maybe deposited by any technique known in the
. such as sputtering, chemical vapor deposition, plasma enhanced
Wogﬁ%ﬁi}%%ﬁﬁ vapor deposition, evaporation, or plating. [OO4§]C§fHP?8?é(ﬁ*’1ﬁ89to
FIG. 11, over the address line 12 is formed an insulating layer 14. This
layer 14 can be silicon nitride, a low dielectric constant material, or many
other insulators known in the art that do not allow silver ion migration, and

ay.he deposited by any method known in the art. An opening 14a in the
P T o EA8: TSR T BT bt dnetetehing
techniques, thereby exposing a portion of the underlying address line 12.
wigh\rhaflithearamiec rbrigesinnd giehdre tirdpfinkatherml dvess thee 12.
address line 1.2 is formed a conductive material, preferably tungsten (W).
Tha csineimitalemethsinl cabpblistipgsiephmay jhethequilizeshia iremeys the

conductive material from over the insulating layer 14, to leave it as a first

suelestspdedgyendhnaddigss B@%&&i&%ﬂ%@r&%&&%&ﬁaﬁéﬁ[&&fﬂent

FIG. 12 shows the cross-section of the wafer of FIG. 11 ata s

Vaﬁ@g@%ﬁ{g&g@g’ {ﬁﬁ%‘%{i_‘?ﬁ aléxrgtrs making up the memory device 100

(FIG. 1) are blanket-deposited overthe wafer. A chalcogenide 21 WO
2006/019845 PCT/US2005/024899 glass layer 1.8 is formed to a

e AP DR v 5
insulating layer 14. This layer 14 can be silicon nitride, a low dielectric
constant material, or many other insulators known in the art that do not allow

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

remove the conductive material from over the insulating layer 14, to leave it

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

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

device 100 (FIG. 1) are blanket-deposited over the wafer. A chalcogenide
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preferably Ge4oSeao. Deposition of this chalcogenide glass layer 18 may
ACEO plished by any suitable method, such as evaporative techniques
wo g(g)(&qgﬁiqgal vapor deposition using germanium tetrahydﬁﬁ@"(%%’f’-’.(‘ *3id
selenium dihydride (Seth) gases; however, the preferred technique utilizes
either sputtering from a germanium selenide target having the desired
stoichiometry or co-sputtering germanium and selenium in the appropriate

ratios. [0047] Still referring to FIG,.12 a tin-chatcogenide layer 20 is
BIaFGIE s RS A DRI AL HaP TG0 TS QB B ayer
20 is preferably tin selenide (Sm./-.Se, x being between about 1 and 0).

elegitgdectl apdhbieubseatarechendibachalsopeaissgiens, lepeavdporation,

sputtering, or other techniques known in the art may be used to deposit
pre@yebRiiedeprdiepesitibicl ¢isis ohalbogitride gaddairerti®rhighress of
layer 20 is selected based, in part, on the thickness of layer 18 and the

acctatigiafihienh i&Ky‘@ﬁ&&ﬁlﬁﬁeﬂﬁb@h@éﬁﬁ%@d@ﬂ%&%&ﬁﬁﬁ&%gle

underlying chatcogenide glass layer 18 is preferably from about 5:1 to

et JahoP SIS RIBIRIRIN ADoM2 Skl SHOH e moled hat as the

processing steps outline lon to ay N apted for
the formatign f%e ices in accordance with those 22 WO 2006/019845
eI S o BT R o Y s 3 FOCLEAT S LBTAS D1 o
_.shown in devices 107-109
either sputtering from a germanium selenide target having the desired

stoichiometry or co-sputtering germanium and selenium in the appropriate

ratios.

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

14 may be adapted for the formation of devices in accordance with those
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may be formed adjacent to the tin-chalcogenide layer 20, on either side
WO%@F?}%S 0048] Still referring to FIG. 12, a metal layer 22 is formed over
chalcogenide layer 20. The metal layer 22 is pref@fabRPERERERY),
or at least contains silver, and is formed to a preferred thickness of about
300 A. The metal layer 22 may be deposited by any technique known in
the art. [0049] Still referring to FIG. 12, over the metal layer 22, a

hGPRNGHrE gte it econd electr de.24. Again, this
s conduﬁve mate%zlgﬁﬁ ‘%e%arlﬁl;/;l er?a k}a%% 8‘7& o@? 6%9

§d{ode %tls refer ungsten however other materials may be
maX &

adipshns fé}a%a%&mﬁ# I8y einpreeitbeseidtow

referring to FIG. 13, a Iayer of photoresist 30 is deposited over the top
theggattrode 24 layer, masked and patterned to define the stacks for the

memory device 100, which is but one of a plurality of like memory devices

of a memory array. An etching step is used to remove portions of layers

(0048 20, 25 tahwefzaring:tothEGinkU latinefdhiroret 22 ibdid mscaroetetisiam-
leaving stacks as shown in FIG. 13. Then, the photoresist 30 is removed,

chaleagtgde sapstantialhe coenflpipeRETOPt cloviety KR AT SPOWNPYEIC:
14. An 23 WO 2006/019845 PC'T/US2005/024899 insulating layer 26

confadyskadermed @’ﬁfrﬁﬁ@d%\ﬁﬁ?réfggéﬁ BERISYS AT UHE I 500 A. The

metal layer 22 may be deposited by any technique known in the art.

[0049] Still referring to FIG. 12, over the metal layer 22, a conductive
material is deposited for a second electrode 24. Again, this coﬁducﬁve
material may be any material suitable for a conductive electrode, but is
preferably tungsten; however other materials may be used such as titanium

nitride or tantalum, for example.

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

substantially complete memory device 100, as shown by FIG. 14. An
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as shown by FIG. 1. This isolation step can be followed by the forming of
ectigns to other circuitry of the integrated circuit (e.g., logic circuitry,
sgﬁyéoelgagﬁplifiers, etc.) of which the memory device 100ig§ M90748%9
known in the art. [0051] A conditioning step is performed by applying a
voltage pulse of a given duration and magnitude to incorporate material
from the tin- chalcogenide layer 20 into the chalcogenide glass layer 18 to
. form a conducting channel in the chalcogenide glass layer 18. The
ISRl T AamAB IRRIPSTIS Y & EBrdarirrelpainpaliaveingtopetason of
the memory device 100. [0052] The embodiments described above refer
as shawe feyrfifitioh dftgniyolatiow sepsibierekititaned batiablemenaasy device
structures (e.g., PCRAM) in accordance with the invention, which may be
corpradtinies Westay arrajytonial irgadel wead: owengichiatdhey,

invention contemplates the formation of other memory structures within

serifoRRHER D EIVEWARIMAAR SR D% (RICRIE AT, 2 eloRs IRy and

operated with memory element access circuits. 24

in tgg;ll'll%_JSZOOS1024899 [0053] FIG. 15 illustrates a typical processor
system 400 which includes a memory circuit 448, e.g., a PCRAM device,
which employs resistance

WO

[0051] A conditioning step is performed by applying a voltage pulse of
a given duration and magnitude to incorporate material from the tin-
chalcogenide layer 20 into the chalcogenide glass layer 18 to form a
conducting channel in the chalcogenide glass layer 18. The conducting
channel will support a conductive pathway during operation of the memory

. device 100.

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

circuits.
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variable memory devices (e.g., device 100-109) fabricated in accordance
woWiih,ibe,invention. A processor system, such as a computer

generally comprises a central processing unit (CPU) 443 & %%’%4999

microprocessor, a digital signal processor, or other programmable digital

logic devices, which communicates with an input/output (I/O) device 446

over a bus 452. The memory circuit 448 communicates with the CPU 444

er bus hrou emo controller 54] In the case of
[Oog computﬁgﬁg mi i?rc’o%%g% ﬂfef?’ StE PhipgHsSices

such as a floppy disk drive 454 and a compact disc (CD) ROM drive 456,

a MERIEHY A6 W6 Ahuhicatd Witk Mplovacy wheehieanpleyussistaassory circuit

448 is preferably constructed as an integrated circuit, which includes one
varablearenesigtdaczaaiiabl el enemtd()-tel)icasrieageddea\dceortidfcdfwirgired,
the memory circuit 448 may be combined with the processor for example

theGildrtth. A PsinRagledPtggratedicichita QORBLIEIGS, %Zhe%ﬁygraphs

relating to experimental results obtained from experrme s with actual

h th bodi t

C°’Qﬁ§v%‘§?n**%t‘§%ﬁﬁg%ﬁ*§c%%@?%@ bR B Goasos

e ted h eatun sten bottom electrode (e.g., layer 16), a first 300 A layer
P SeRE SRR, Thy P T DG T ST LRI £ OB YR of

SnSe (e.0.,
communicates with an input/output (I/O) device 446 over a bus 452. The

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

through a memory controller.

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

for example CPU 444, in a single integrated circuit.

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

accordance with the exemplary embodiment shown in FIG. 2. The devices |
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layer 20) over the Ge4oSe6o layer, a second 150A layer of GeaoSe60
0., layer 18a) over the SnSe layer, a 500 A layer of silver (A
WO@&%’P E?%:’over the second layer of Ge40Se60, a third 108FA
Ge4oSeb6o (e.g., layer 18b) over the silver layer, and a tungsten top
electrode (e.g., layer 24). The experiments on these devices were
performed using electrical probing to operate each device. A first probe

laced at the top electrode (e.g., layer 24) and a second probe was
oo S0 ROLER R 4y A6 B TR DB e
between the two probes. These tested devices exhibited improved
Geﬂ%?M%BcHéY&Etb‘ﬁs‘?W@I%IHQEQB‘GJQW&QGP@Q evifsmdede.@xample,
the array exhibited at least a 90% vyield in operational memory devices
laywtRih precéssingifeludgdran seanedll 504 tepypertGueSel26QC159kb
minutes. Ninety percent yield refers to the percentage of functional
184)@MIEEthBASH Mﬁip&aéamma@em@ﬁu@%%yéé?g,evsr& 0ARrigRS
measured, about 90 were functional memory devices at room
i t l 5 ut of 100 worked after a
Secg%{g?:%%r%%?%gg&sdf i&%&%@ﬂ%&%’%ﬁ%ﬁ%gém the ti(; &l Atfhber of
efu. é:tirqnal deviges ost-anneal.)i%?OSCS%EThe graphs of FIG.s 16a and 16b
oW How & IRk e PRt i dep e o kRg e ReEEE G
16a is a DC switching I-V (current vs. 26 WO 2006/019845
on Besy SIeRIINsIR pevorBIedgesiRG eleciuisrhpsRbing thaanbratdavides tested
switched from a less
device. A first probe was placed at the top electrode (e.g., layer 24) and a

) p(%cf 4899

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

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

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

in response to a DC voltage sweep. FIG. 16ais a DC switching I-V (current vs.
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conductive state to a higher conductive state at about 0.2 V during a write
weep. FIG. 16b shows a DC switching I-V trace, which shows

I
wo z@a}’?{%%%evices erased, or switched from a higher condutVy RUROTS%°

lower conductive state, at about -0.5 V and using less than 3 micro-amps
of current during a DC voltage sweep. [0057] The graph of FIG. 17ais a
continuous wave device response voltage vs. time trace, which shows
how, the testﬁéj S%‘ice responds to a continyous wave signal across the

VOlRSGEEA SN R BSSIHVE (BRAE SriecthéestRalicw i Grammarto its

lower resistance state and "follows" the input signal. On the negative
conggiehigre sielie, tthe kigheecdotiowisveteataptabiomed. UNtdthingeviedterases,

or is programmed, to a higher resistance state. FIG. 17b is a graph
voltegatingetie Foagsbations HPOWmRRHEIMVEHAH) viH s OWaFRatAS

shown, the "threshold voltage" in this example is about 0.4 V to switch the

me%‘éi{é@s@ﬂ%ﬁlq{@s%ﬁ@&k&iiﬁ%éﬁtﬁ%ﬂé’r%Bﬁ&h@i@e\(stré}es%“a@gbw& device

to its less conductive state. [0058] The above description and drawings

only b nsi illustrative, of exemplary embodiments that
cor e S o RSt
substitutions to specific 27 WO 2006/019845 PCT/US2005/024899

during &X¢ SHREBAYERY structures can be made without departing from the

[0057] The graph of FIG. 17a is a continuous wave device response
voltage vs. time trace, which shows how the tested device responds to a
continuous wave signal across the device. On the positive voltage side, the
device is programmed to its lower resistance state and “follows” the input
signal. On the negative voltage side, the device “follows” the input signal
until the device erases, or is programmed, to a higher resistance state. FIG.
17b is a graph relating the voltage across the memory device to the input
voltage. As shown, the “threshold voltage” in this example is about 0.4 V to
switch the device to its more conductive state and about -0.3 V to switch the

device to its less conductive state.

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

advantages of the invention. Modification and substitutions to specific

27



spirit and scope of the invention. Accordingly, the invention is not to be
sidered as being limited by the foregoing description and drawings, but
wo %&%mﬁf%ited by the scope of the appended claims. [Oogg]'rwﬁg&sw
claimed as new and desired to be protected by Letters Patent of the
United States is: 28 LLOYD WISE CLAIMS 1. A resistance variable
memory device comprising: a first electrode; a second electrode; a
chalcogepide glass layer between said first electrode and said second
Pr%ﬁ%%ﬁf&%ég“&ﬂg %‘fﬁf fustieriBd t)ar pafithnt senahag Sipsnithe glass
layer and said second electrode, said tin-chalcogenide layer comprising
spifii aefesfielee of tigdnEsiiancdverisingindhmiywgevios of whditn e further
comprising a metal- containing layer between said tin-chalcogenide layer
corasidksedchs etmgilateottbble 1% foheprisisthaes YAl ae REREY e gs0f
claim 2, further comprising a second chalcogenide glass layer between

onSARMEIalCARIaIIPE JaYRE saichsegand electrode. 4. The resistance

variable memory device of claim 2, wherein said metal- containing layer
comprises silver.
[0059] What is claimed as new and desired to be protected by Letters

Patent of the United States is:
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5. The resistance variable memory device of claim 1, wherein said first
electrode comprises tungsten. 6. The resistance variable memory device
of claim 1, wherein said second electrode is over said tin-chalcogenide
layer and comprises silver. 7. The resistance variable memory device of
claim 1, wherein said chalcogenide glass layer comprises germanium
selenide. 8. The resistance variable memory device of claim 7, wherein
said germanium selenide comprisegGLAASCc60. 29 9. The resistance
variable memory device of claim 1, wherein said second electrode
comprises tungsten. 10. The resistance variable memory device of claim
1, furtharresimprisingréab &l wgneantdellayesnigrisihe resistance variable
memory tcliregiquﬁ);o((:ilgim 10, wherein said alloy-control layer comprises
selenidm: 125 The fesistance variable memory device of claim 10, wherein

said alloyecomdrele¢apdecomprises tin oxide. 13. The resistance variable

memory device of. claim 10, wherein said allpy-caontrol Jayer,is oyver sai

i chal L L B e B e SR B eectroae
etaim 1, further comprising: a second chalcogenide glass layer between

said t'%%ﬂﬁ@%@@@gﬁﬁyﬁpéngemé%n said chalcogenide glass layer and said second

electrode, said tin-chalcogenide layer comprising tin selenide.

LLOYD WISE

2. The resistance variable memory device of claim 1, further comprising a metal-

containing layer between said tin-chalcogenide layer and said second electrode.

3. The resistance variable memory device of claim 2, further comprising a second

chalcogenide glass layer between said metal-containing layer and said second electrode.

4, The resistance variable memory device of claim 2, wherein said metal-

containing layer comprises silver.

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

comprises tungsten.

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

electrode is over said tin-chalcogenide layer and comprises silver.

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

glass layer comprises germanium selenide.

8. The resistance variable memory device of claim 7, wherein said germanium

selenide comprises GespSeqo.
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second electrode; a metal-containing layer between said second

chalcogenide glass layer and said second electrode; and a third

chalcogenide glass layer between said metal-containing layer and said

second electrode. 15. The resistance variable memory device of claim 14,

wherein said chalcogenide glass layer, said second chalcogenide glass

layer, and said third chalcogenide glass layer comprise Ge4o0Se5o0, and

wherein said metal-containing layer comprises silver. 16. The resistance
ariable memory device of claim 15, wherein said first electrode ]
omprii@g ORGSR and LabicsdRearsIelstathe ebnilrigkslungitsn atity second

Thetresisiangeiveyiahgmmemory device of claim 1, wherein said device

can withstand an anneal of about 260C for about 5 minutes and

thereafter function as a memory device. 18. The resistance variable

iremoryldendsistafalainidblv/hessiorgaieh tladdagsinide, giassrlayaipaiRthg an alloy-

said tin-chalcogenide layer are provided within a via. 19. The resistance

Vana ?éa%eémory device of claim 1, wherein said second electrode

defines the location of said memory device over a substrate. 20. The

gﬁ?'?tari.%% \r/easrfsatgllqecén \%rr%%}/ednelwcg Ofcﬁzl\gljén %f \évﬂlenrlellrbs%lf errré?rgn s%ri allﬁ-control
evice is a programmable conductive random access memory device. 271.

Teyerresisparsce sedeiatnle. memory device of claim 1, wherein said

chalcogenide

LLOYD WISE

12. The resistance variable memory device of claim 10, wherein said alloy-control

layer comprises tin oxide.

13. The resistance variable memory device of claim 10, wherein said alloy-control

layer is over said tin-chalcogenide layer.

14.  The resistance variable memory device of claim 1, further comprising:

a second chalcogenide glass layer between said tin-chalcogenide layer and said
second electrode;

a metal-containing layer between said second chalcogenide glass layer and said
second electrode; and

a third chalcogenide glass layer between said metal-containing layer and said

second electrode.
15.  The resistance variable memory device of claim 14, wherein said chalcogenide
glass layer, said second chalcogenide glass layer, and said third chalcogenide glass layer

comprise GesoSeeo, and wherein said metal-containing layer comprises silver.

16.  The resistance variable memory device of claim 15, wherein said first electrode

comprises tungsten and said second electrode comprises tungsten.
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glass layer has a conducting channel therein. 22. The resistance variable
memory device of claim 21, wherein said conducting channel comprises
material from said tin-chalcogenide layer. 23. The resistance variable | ~vp) yise
memory device of claim 1, wherein the formation of a conductive pathway
within said chalcogenide glass layer programs said memory device to a
lower resistance memory state. 24. The resistance variable memory
device of claim 23, wherein said conductive pathway comprises at least
ige of I#éand silver. 25. The resistance variable memory device of claim
| furt

%, furthaf SSTHHSRg ARa0H dYCBshY Sieidgero8 £igBn The Yhsrsiantdd device can

vatishisdm@nane deyiceohC2I0?CSKowbpsainssaithalayaRa el function as a
corrrﬁpris%\lgvslgéenium. 27. The resistance variable memory device of claim

, Whefein aid alloy-control layer comprises tin oxide. 28. The
resistance variable memory device of claim 25, wherein said alloy-control

er is;gver said tin-chalcqgenide layer. 29. The resistance variable )
r;wl?gyémory i e{/ﬁts:lglt%?%ﬁa‘llrar{ ' Q@?v&ﬁ%%‘?ﬁé%f&l%ﬂ o%flj&)aﬁ??oi - | SRR Sidrebaigogenide
ghssHalcogedisie dayrech3iofemd mianedadi peo adsipriting: a aigubstrate;

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

electrode defines the location of said memory device over a substrate.

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

is a programmable conductive random access memory device.

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

glass layer has a conducting channel therein.

22, The resistance variable memory device of claim 21, wherein said conducting

channel comprises material from said tin-chalcogenide layer.
23. The resistance variable memory device of claim 1, wherein the formation of a
conductive pathway within said chalcogenide glass layer programs said memory device

to a lower resistance memory state.

24, The resistance variable memory device of claim 23, wherein said conductive

pathway comprises at least one of tin and silver.

25.  The resistance variable memory device of claim 14, further comprising an alloy-

control layer. !
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a conductive address line over said substrate; a first electrode over said
conductive address line; a first chalcogenide glass layer over said first o
electrode; a tin-chalcogenide layer over said first chalcogenide glass LLOYD WISE
layer; a second chalcogenide glass layer over said tin-chalcogenide layer;
a silver layer over said second chalcogenide glass layer; a third
chalcogenide glass layer over said silver layer; and a second electrode
over said third chalcogenide glass layer. 31. The memory device of claim
%é), thf. ein said first electrode comprises tungsten. 32. The memory
e

vice Ol CISHT 3RS VTR SRRMASY ER%ICH L MIaETY s RGeS T8It AlRY-control
BeA@SepsSBcldigumemory device of claim 30, wherein said
tin-chalcogenide layer comprises Sni+i-,Se, where x is between about 1
and about 0. 32 34. The memory device of claim 30, wherein said second
Zhalcogbnidsigtassclayeabtomphines Ge4@Seloladh. JBhevmesoRARENIRS -control
pf claim 30, Wgereiniéaid third chalcogenide glass layer comprises

e408e80" 36,

e rﬁémory device of claim 30, wherein said second
electrode comprises tungsten. 37. The memory device of claim 30,

Z‘é'?ere"i‘}?e%s%&%?&‘edv%'r‘?é’%'igdrﬁe?ﬁ’é?ﬁ rci%%ﬁ:é'%f claim 25, wherein said alloy-control

layer is over said tin-chalcogenide layer.

29.  The resistance variable memory device of claim 25, wherein said alloy-control

layer is under said tin-chalcogenide layer.

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

a second electrode over said third chalcogenide glass layer.
31.  The memory device of claim 30, wherein said first electrode comprises tungsten.

32. The memory device of claim 30, wherein said first chalcogenide glass layer

comprises GegoSego.

33.  The memory device of claim 30, wherein said tin-chalcogenide layer comprises

Sn;./Se, where x is between about 1 and about 0.
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38. The memory device of claim 30, wherein said first electrode comprises
tungsten, said first chalcogenide glass layer comprises germanium

selenide said tin-chalcogenide layer comprises tin selenide, said second || 0vD WiSE

Wy

chalcogenide glass layer comprises germanium selenide, said third
chalcogenide glass layer comprises germanium selenide, and said
second electrode comprises one of tungsten and tin. 39. The memory
device of claim 30, wherein said first chalcogenide glass layer has a
%nduc.elfn channel comprising material from said tin-chalcogenide layer.

. The NiRON Felreictrdistainag Qnibrms sidcssand iy cnasride glass layer

toegraesatds;8wtal ions to form a conductive pathway. 41. The memory

device of claim 30, wherein said device is a PCRAM. 42. The memory

device of claim 30, further comprising an alloy-control layer. 43. The
dremorfideviemafyctiiniod 2o indigiais Saidtaitelr caniralidy ehAHYRHRRS glass layer
8 fl? 'LngerrSl.C’;%B @% The memory device of claim 42, wherein sa_ld _

a(Fo “control' fR&¥ comprises tin oxide. 45. The memory device of claim

42, wherein said alloy-control layer is over said tin-chalcogenide layer.

. Theyme vice. of claim 42, wherein said alloy-cont oIJg eris )
%ﬁder Esig[% %r%ﬁg Ic(ci)%véﬁ?dgﬁagjtaalrr.n 4 .Avb’e}rl&r:%lgsg‘rué)yg?gﬂ?, c6 gtﬁ% g COmprises
tungsten.

37. The memory device of claim 30, wherein said second electrode comprises tin.

38. The memory device of claim 30, wherein said first electrode comprises tungsten,
said first chalcogenide glass layer comprises germanium selenide said tin-chalcogenide
layer comprises tin selenide, said second chalcogenide glass layer comprises germanium
selenide, said third chalcogenide glass layer comprises germanium selenide, and said

second electrode comprises one of tungsten and tin.

39. The memory device of claim 30, wherein said first chalcogenide glass layer has

a conducting channel comprising material from said tin-chalcogenide layer.

40. The memory device of claim 39, wherein said conducting channel incorporates

metal ions to form a conductive pathway.

41. The memory device of claim 30, wherein said device is a PCRAM.

42. The memory device of claim 30, further comprising an alloy-control layer.
43.  The memory device of claim 42, wherein said alloy-control layer comprises
selenium.
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a processor; and a memory device, said memory device comprising a first
electrode, a first chalcogenide glass layer over said first electrode, a
tin-chalcogenide layer over said first chalcogenide glass layer, and a LLOYD WISE
second electrode over said tin-chalcogenide layer, wherein said
tin-chalcogenide layer comprises tin selenide. 48. The processor system
of claim 47, wherein said memory device further comprises one of a
gilver-CORRNH PHE AR NS R M aM RVIRIAG ARl BROVESABHFYRT: comprises tin
chalcogenide layer and said second electrode. 49. Thé processor system
8¥&im 47, wherein said first chalcogenide glass layer comprises
germanium selenide. 50. The processor system of claim 47, wherein said

cond electrode comprises. tungsten. 51. The processor system of claim )
3 , wher€in Saite i) W&éﬁiﬁé‘ﬂj%W%ﬁﬂbﬁé& dlrxirspshifgrmajfepver said
5R-chhe qraddsdayaystem of claim 47, wherein said memory device
further comprises: 34 a second chalcogenide glass layer over said
tin-chalcogenide layer; a silver-containing layer over said second
dbalcogenideglass dayer afdlanihi2] eltalesgealdentassdaysr Ryer s@ighder said

lilll\_/e}%?gntalglégqalaé/rer. 53. The processor system of claim 52, wherein
daid first eha cogé’nlde glass layer,

47. A processor system, comprising:

a processor; and

a memory device, said memory device comprising a first electrode, a first
chalcogenide glass layer over said first electrode, a tin-chalcogenide layer over said first
chalcogenide glass layer, and a second electrode over said tin-chalcogenide layer,

wherein said tin-chalcogenide layer comprises tin selenide.

48.  The processor system of claim 47, wherein said memory device further
comprises one of a silver-comprising layer and a tin-comprising layer between said tin-

chalcogenide layer and said second electrode.

49.  The processor system of claim 47, wherein said first chalcogenide glass layer

comprises germanium selenide.

50.  The processor system of claim 47, wherein said second electrode comprises
tungsten.
51.  The processor system of claim 47, wherein said memory device further

comprises an alloy-control layer.

52.  The processor system of claim 47, wherein said memory device further

comprises:
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said second chalcogenide glass layer, and said third chalcogenide glass
layer comprise Ge40Se60. 54. The processor system of claim 47,

wherein said memory device can withstand an anneal of about 260C for || vy sk

about 5 minutes and thereafter function as a memory de_vic_e. 55. The
processor system of claim 47, wherein said memory device is a PCRAM.
56. The processor system of claim 47, wherein said chalcogenide glass

layer hasmommﬁumggrﬁba@mktiA%@%é%a%?éﬂ&ﬁ%@@ﬁiﬁ%ﬁ{)@rrﬁogai g

claim 56,.wherein said conducting channel comprises materia
tin-cha?c%ggﬁ‘ia%n%%ﬁ% V?rh%vﬁ?éﬁ‘és%eﬁ%gét%ﬁ?%mgbﬁsmmﬂnme
formatiothind aledosiyetive ohathiwpt ikhis.saidicbalcrasnids Qlass layer

programs said memory device to a lower resistance memory state. 59.
The processor system of claim 58, wherein said conductive pathway

Zdmprikes paotessiranatefitinfansisilyer -v@ﬁhr@im&oﬂlﬁf E‘Bﬁﬁﬁ%%d? glass layer,
i riable memaory device, comprising; providing a substrate; _

e s LR e de g Taver comprise

efadirede over said substrate; 35 forming a first chalcogenide glass layer

between said first electrode and said

54.  The processor system of claim 47, wherein said memory device can withstand

an anneal of about 260°C for about 5 minutes and thereafter function as a memory

device.
55. The processor system of claim 47, wherein said memory device is a PCRAM.

56.  The processor system of claim 47, wherein said chalcogenide glass layer has a

conducting channel therein.

57. The processor system of claim 56, wherein said conducting channel comprises

material from said tin-chalcogenide layer.

58.  The processor system of claim 47, wherein the formation of a conductive
pathway within said chalcogenide glass layer programs said memory device to a lower

resistance memory state.

59.  The processor system of claim 58, wherein said conductive pathway comprises

at least one of tin and silver.

60. A method of forming a resistance variable memory device, comprising:
providing a substrate;
providing a first electrode over said substrate;

providing a second electrode over said substrate;
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second electrode; and forming a tin-chalcogenide layer between said first
chalcogenide glass layer and said second electrode, wherein said
tin-chalcogenide layer comprises tin selenide. 61. The method of claim 60, LLOYD WISE
further comprising providing an address line electrically connected with

said first electrode. 62. The method of claim 61, wherein said address line

and said first electrode are the same layer. 63. The method of claim 60,
Wherelrbﬁﬁlﬂglr&ﬁ*ﬁ%&%@og@%'%%MQ%}%“@&J%J%OQ&E‘J&”&M said

60, Whe{eln said second electrode comprises tungsten. 65. The method

SR 8GRt said second electrode comprises silver. Do 11. The
method@ﬁﬁi@rﬁl @@Qhﬁléﬂg@hﬁf&‘ﬂ@éﬁ'ﬂ&\i@éﬁ'Qﬂ@ﬁ?ﬁtéﬂﬁ@@é‘@mwﬂ§ fayer and

between halcogem e layer and said. second electrode. 67. T

PRELREPB Sgﬁﬂ hetsresidhiRThp nesmige %&?@@ﬁ’éﬁd@‘é?ﬁé@ld@

glass layer between sald tin- chalcogenlde layer and said second

felectroxjiﬁ 68. Ihe me hog1 .0f claim 66, wherein sajd metal-containing

ayer comprisgs by & 681%n QOn b COTBE GuRHA L pifsirfgdress  line
plawndialdyao@iayedonitblskayeirst/dedihigl¢nethod of claim 69, wherein said
alloy-control layer comprises selenium. 71. The method of claim 69,

wherein said alloy-control layer comprises tin oxide. 36 72. The method of
6laim 6Ehenvhetiead sidlalloyetomthetdayesits addresaidhtinand said first electrode are

the same layer.

63.  The method of claim 60, wherein said first electrode comprises tungsten.
64.  The method of claim 60, wherein said second electrode comprises tungsten.
65.  The method of claim 60, wherein said second electrode comprises silver.

66.  The method of claim 60, further comprising forming a metal-containing layer

between said tin-chalcogenide layer and said second electrode.

67.  The method of claim 66, further comprising forming a second chalcogenide

lass layer between said tin-chalcogenide layer and said second electrode.

68.  The method of claim 66, wherein said metal-containing layer comprises silver.

69.  The method of claim 60, further comprising providing an alloy-control layer.

70.  The method of claim 69, wherein said alloy-control layer comprises selenium.

71.  The method of claim 69, wherein said alloy-control layer comprises tin oxide.
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chalcogenide layer. 73. The method of claim 69, wherein said alloy-control
layer is between said tin- chalcogenide layer and said first chalcogenide
glass layer. 74. The method of claim 60, further comprising forming a
second chalcogenide glass layer between said tin-chalcogenide layer and L0710 WISE
said second electrode. 75. The method of claim 74, further comprising
forming a third chalcogenide glass layer between said second
chalcogenide glass layer and said second electrode. 76. The method of
laim 75, wherein at least one of said second chalcogenide glass layer
2?1(1 saﬁhﬁiP&eﬂFﬂﬂc%é}%‘@ dldsvbgistesaprieyamtrahileteselemde: said tin-
dialdbemeshggof claim 75, further comprising forming a metal-containing
layer between said second chalcogenide glass layer and said third
chalcogenide glass layer. 78. The method of claim 77, wherein said

MSetal-Clintairimg day et ROmM B9 eSLEIVEN sal® aTi89-Buaihodif&aimb 8Qeen said tin-
\é\ﬁh?rein sgidlfirst chglco%%;féde glass layer comsl?rises germanium
SRTemE 80 2ite FNEHUY DRERliRIco 8 hit st daiPyermanium selenide
has a stoichiometry of about Ge40Se60. 81. The method of claim 60,

erein.said tin selepide.has a stoichiometry of Snl+i_ .Se, where X is )
Dol SRt AL B 82or 8 RSB dpUpif b0 pralcogenide
ghwssgrgan ddovauingadoondihetingatidntskiiidisasaic fsst halgogenide
glass layer with a conditioning step.

75. The method of claim 74, further comprising forming a third chalcogenide glass

layer between said second chalcogenide glass layer and said second electrode.

76.  The method of claim 75, wherein at least one of said second chalcogenide glass

layer and said third chalcogenide glass layer comprises germanium selenide.

77.  The method of claim 75, further comprising forming a metal-containing layer

between said second chalcogenide glass layer and said third chalcogenide glass layer.

78. The method of claim 77, wherein said metal-containing layer comprises silver.

79.  The method of claim 60, wherein said first chalcogenide glass layer comprises

germanium selenide.

80.  The method of claim 79, wherein said germanium selenide has a stoichiometry

of about GeySego.

81. The method of claim 60, wherein said tin selenide has a stoichiometry of Snj.,.

xSe, where x is between about 1 and about 0.
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83. The method of claim 82, wherein said conditioning step comprises

applying a voltage pulse across said first chalcogenide glass layer and LLOYD
said tin-chalcogenide layer. 84. The method of claim 82, further

comprising forming a conductive pathway at said conducting channel. 85.

The method of claim 60, wherein said first chalcogenide glass layer is

formed on said first electrode. 86. The method of claim 60, wherein said

first chalcogenide glass layer and said tin- chalcogenide layer are

Qz’;\nketfgeposi edg 87, The method of claim 60, wherein said first _

chalcog ﬁid’éegfg s ThyePEhPLaiPHHeT K amBEsa cpyERE atecondisting channel

foitiriraswer el StalioB8idehgmeatied witklaiea:RRivhgpeinsaid first
chalcogenide glass layer and said tin- chalcogenide layer are formed
within a via. 89. The method of claim 75, further comprising providing an

8foy-cahtrahtalyed. 09@ldihe sDethiaddh claimcBAdbaTeiNnE L RSN Hlying a

layer comprises selenjum. 91. The method of claim 89, wherein said
R SO e o0 o bt e o gemide fayer
wherein said alloy-control layer is between said tin- chalcogenide layer

gind saj d electrode. 3..The method of claim 89, wherein said
aI!oy-?ﬁltgrgﬁgé%%(r?iosf:bce%\}vnée%‘?éa‘ilgjt - SRSy 8r b RSk pspathway at
slsbedectng Ahamatlod of forming a resistance variable memory device,
comprising:

85.  The method of claim 60, wherein said first chalcogenide glass layer is formed on

said first electrode.

86.  The method of claim 60, wherein said first chalcogenide glass layer and said tin-

chalcogenide layer are blanket-deposited.

87.  The method of claim 60, wherein said first chalcogenide glass layer and said tin-

chalcogenide layers are etched to form a vertical stack.

88.  The method of claim 60, wherein said first chalcogenide glass layer and said tin-

chalcogenide layer are formed within a via.

89.  The method of claim 75, further comprising providing an alloy-control layer.
90.  The method of claim 89, wherein said alloy-control layer comprises selenium.
91.  The method of claim 89, wherein said alloy-control layer comprises tin oxide.

92.  The method of claim 89, wherein said alloy-control layer is between said tin-

chalcogenide layer and said second electrode.
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providing a substrate; forming a conductive address line over said
substrate; forming a first insulating layer over said address line and said

substrate; forming an opening in said first insulating layer to expose a LLOYD WISE

portion of said address line in said opening; forming a first electrode layer
in said opening and over said address line; forming a first chalcogenide
glass layer over said first electrode; forming a tin-chalcogenide layer over
said first chalcogenide glass layer, said tin-chalcogenide layer comprising
%ifn selenﬁje; forming a second chalcogenide%g?lass layer over said

R:chaltBgEMReh9Ec aBmbifg Bhsierm et er i sésads between said tin-

chaleogenideglasamlpyad fosming@othird chalcogenide glass layer over
said metal layer; forming an second electrode layer over said third

chalcogenide glass layer; and etching to form a stack of said first
éhalcog&amdm@laﬁSfdﬁyﬁhg&aiddﬂﬁaM@ﬁBm@h@efﬁM%‘,d%&ides,%ﬁgﬁising:
chalcoienidgaqgljlss ayer, said metal layer, said third chalcogenide glass
layer, na SR 8 &% ctrode layer over said first electrode layer. 95.
The metironngf ctaind@4iwhedeinshid trst, secenbstane third chalcogenide
glass Ie 94, wherein

dcs AR5 ESIPISH 003 80 S0 s mated ol o, i
about ¥andr 87.opleeinmethoshiof GlsiniBd]anhgreipesaisl fixposteatingtion of said
ARSI S R
forming a first electrode layer in said opening and over said address line;
forming a first chalcogenide glass layer over said first electrode;
forming a tin-chalcogenide layer over said first chalcogenide glass layer, said
tin-chalcogenide layer comprising tin selenide;
forming a second chalcogenide glass layer over said tin-chalcogenide layer;
forming a metal layer over said second chalcogenide glass layer;
forming a third chalcogenide glass layer over said metal layer;
forming an second electrode layer over said third chalcogenide glass layer; and
etching to form a stack of said first chalcogenide glass layer, said tin-
chalcogenide layer, said second chalcogenide glass layer, said metal layer, said third

chalcogenide glass layer, and said second electrode layer over said first electrode layer.

95. The method of claim 94, wherein said first, second, and third chalcogenide glass

layers comprise GespSeg.

96.  The method of claim 94, wherein said tin-chalcogenide layer comprises Sni+/.xSe,

where x is between about 1 and 0.
97.  The method of claim 94, wherein said first electrode layer comprises tungsten.

98.  The method of claim 94, wherein said metal layer comprises silver.
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98. The method of claim 94, wherein said metal layer comprises silver. 39
99. The method of claim 94, wherein said second electrode comprises

tungsten. 100. The method of claim 94, further comprising forming a LLOYD WISE

A ARw] -

conducting channel within said first chalcogenide glass layer. 101. The
method of claim 100, further comprising forming a conductive pathway at
said conducting channel. 102. The method of claim 94, further comprising
providing an alloy-control layer. 103. The method of claim 102, wherein
§%id alloy-control layer comprises selenium.. 104. The method of claim

2, wHeYeIReE204 Sh6IAEBAtoPRsRs ket Rseadiplestide auBprises tungsten.

method of claim 102, wherein said alloy-control layer is between said tin-
i@glco nide I%g{ agd aid §eco d electrode, 106. The method of claim

- wheYeiR S aRby L8Ry f‘iaé\g?l?grb&?Wé’é‘ﬁlgﬁic]o‘ﬁﬁl“éﬁa?cﬁﬁ%‘i’t‘i@ng channel
hattirasaddshrek tisilalgetiddgl4H3 layer.

101.  The method of claim 100, further comprising forming a conductive pathway at

said conducting channel.

102.  The method of claim 94, further comprising providing an alloy-control layer.
103.  The method of claim 102, wherein said alloy-control layer comprises selenium.
104.  The method of claim 102, wherein said alloy-control layer comprises tin oxide.

105.  The method of claim 102, wherein said alloy-control layer is between said tin-

chalcogenide layer and said second electrode.

106. The method of claim 102, wherein said alloy-control layer is between said tin-

chalcogenide layer and said first electrode.
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