MEMORY DEVI CE W TH SW TCHI NG GLASS LAYER [0001] This

application is a continuation-in-part of U S. Patent
woppldcadizon Ser. No. 10/916, 421, filed August ptZ/US2006/020242

2004, entitled PCRAM Device Wth Swi tching d ass

Layer, and is also a continuation-in-part of U S

Patent Application Ser. No. 10/ 893 299, filed July 19,

2004, entitled Resistance Variable Menory Device and

Vet ho MBMGPRYPEXICEWITRES IR GRIEY Cobledmth Lo lhese

applications is hereby incorporated by reference

herein.. D OF THE | NVENTII ON [ 00 T i, nventipn,.
[0001] [ e| atldus ?BI"EJW?@IOFW %I%OWIWHBBWMEQL%%%WW cation Ser.
devices formed using a resistance variable material.

No. 10/PAGREANDALGA9B1 2, Resi, sdndiiied RER AMD DRvIETTith SiveiRiHSGlass

whi ch 1 ncl ude Progr ammabl e Conducti ve Random Access
Menory (PCRAM el enments, have been |nv stigated for

Layer, ang isa#d ¢ contiRuaiton-IvoRHf| E SaRteRb AP iCaiioh Sr Maciy898,299,
access nenory devices. In a typical PCRAM device, the

el SR o SR e R Ry o

resi stance) and hi gher conductivity e., |lower
Fabricatieni Jharentiyetytafteash ofthesepippdicaionrsds é’@m thoprperated by

nornally i'n a |lower conduct|V|ty hi gher resistance

0004] A conditioning operation forns a
refereng ﬁ%r%g{l ng channel of a netal chal cogenide in the PCRAM

devi ce, which supports a conductive pat hway for
altering

FIELD OF THE INVENTION

[0002] The invention relates to the field of random access memory (RAM)

devices formed using a resistance variable material.

BACKGROUND

[0003] 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. Ina
typical PCRAM device, the resistance of a chalcogenide glass backbone can be
programmed to stable lower conductivity (i.e., higher resistance) and higher
conductivity (i.e., lower resistance) states. A]_“ unprogrammed PCRAM device is

normally in a lower conductivity, higher resistance state.
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the conductivity/resistivity state of the device. The
conducti ng channel remains in the glass backbone even
wahv@ri3tshe device is erased. After the conditi 8aTMG2006/020242

operation, a wite operation will programthe PCRAM
device to a higher conductivity state, in which netal
i ons accunul ate al ong the conducting channel (s). The
PCRAM devi ce nay be read by applying a voltage of a

[0004] | esseA corgdlitidnielg oplesatiorefprirsededralyptingy drnine] of henetal-
current or resistance across the nenory device IS

sen ed r to def ne th one"

chalco &@ lbégg?\g gevqeﬁ,e Soae C%‘i“ilé t&myﬁoa altermg
a reverse' voltage (opposite bi as) relative to the

the Conﬂﬁlcflel’(yﬁjeﬁl@ﬁelt?f white Bf tHesdeiiites Thecsraheiiig seanpel FaaYins in the

but typically 1eaves the conducting channel intact. In
is way, such a device can tion as vari abl e
glass ]D"i1 CEEHYER %%@ﬁﬁlﬂ%/gﬁ‘éigi—‘ i?geréfeﬂ{ fer {hg,c HBE%H&/?E’Vaﬂon a write
states, which can define two respective |ogic states,

operatibn‘%«ri’ll ﬁﬁo\gﬁfﬁsﬂﬁe PARANPHewRE B0 a ]co%%cﬁ%ﬁ%bﬁé)’m which

I ce uses a germani um selenide (i.e
GexSei 00- X) chal cogeni de glass as_a backbone

metal igiay aegingiase plonpdbe ginacé@ctﬁ%chamei(ﬁb Pae BQFai:M dev1ce may be
i ncorporated silver (Ag) by (photo or thermal) doping

read bf%}g@‘}n&é& %!lita ga %%sgopi ngﬁ{gghg?{a&? %ﬁﬁd gﬁ%rgﬂivi% the

I ncor porat i ng a netal -chal cogenide material as a | ayer
currentodr rssistatceswrensithie n{emory, degoss)sensed aehigherfor dewer to define
(AgS), or tin selenide (SnSe) in conbination with a

the log e A s BRI R Ot RIS iy ng a reverse

material to forma conducting channel and a conductive
voltagep@ippaaite bias) helatila ss tHeawkiboweltagd) 0aakh Eisremss the conductive
research has been conducted to determ ne suitable
pathwa%%%q: It}%l)l%ally leaves the conducting channel intact. In this way, such a device
can function as a variable resistance memory having at least two conductivity 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., GexSe1oox)
chalcogenide glass as a backbone. The germanium selenide glass has, in the prior art,
incorporated silver (Ag) by (photo or thermal) doping or co-deposition. Other
exemplary PCRAM devices have done away with such doping or co-deposition by

incorporating a metal-chalcogenide material as a layer of silver selenide (e.g., Ag:Se),

silver sulfide (Ag5), or tin selenide (SnSe) in combination with a metal layer, proximate



and stoichionetries thereof for the glass backbone in
PCRAM devi ces. Gernmani um sel eni de having a

webtawmiecizsaget y of about (i.ev Ge2Se3), as opposedTius2006/020242
Ge23Se77 or Ge30Se7o0, for exanple, has been found to
function well for this purpose. A glass backbone of
W th an acconpanyi ng netal - chal cogeni de (e.g.,

' ilver selenide) |ayer,.en e nduct i ng )
a chalcdbBhER sy ¥F o R i o b ot e R GRR Rgovided material
condi tioning, which can thereafter be programmed to
to forrh aravnductinguhtinmel fal Hvayductive prhalayGhahe guee ib%@klbéne.

i ncorporated into chal cogeni de glass’ | ayer "at the

condi tJ oni ng st ep. ecifically, the conditioning step
[0006] ;o ﬁéé‘ sy ?"fieE’&@Pﬂégleéﬂtcpaﬁu?ts%atde@t?lmnmsuat@glﬁs@atenals

the nmenory el enent structure of the device such that

and stofehRimeniak CRaRBE t HBl®dsk BhkiSord TP CRANI @ vidaL 0 Gte?ﬁ\anium
chal cogeni de gl ass | ayer, thereby formng a conducti ng

1 kf annel within the chalco&gnide.glass layer. It is
selent g @dters %OIJZ\QtZ’SEf gbout fresPero (e dedrt)oas hppodesisi® GexSer or
backbone at Ge-Ge sites via new CGe-Se bonds, which

GexSed) 09 Wsasiply, @asHReh 108 8 FOLHR e
’ conductiﬁg cﬁgnnel dur?ng1%?%%€gﬁﬁ$ﬁgtgﬁ%€§%%%%'6}gkms
netal (e.g., typically silver) ions into or out of the

backbagsirfifee 430 BHthAB lacenmpanyisg eetglremalcpgerdafeizn gy pinslly silver
erasing fornms or dissolves a conductive pathway al ong

lenidd) 8y ' ' C a. detecti bl.e ,

seleri NG CARL: QU RS BCL R Rl pgne cuving
_device.[0007] It has been determ ned that

conditigpingsadoish ks thetdaftas be peograasnet ac khone dondacheEpMhway. The

devi ce because this stoichionmetry nmakes for a gl ass

metal—{llﬁhgc'tfogg é&éé%iiﬂg%ﬂ)&%%‘éﬁr og%}?ﬁ]fc?@?%gf)ag% a?_r %?—lﬁklgy conditioning
step. Specifically, the conditioning step comprises applying a potential (about 0.20 V)
across the memory element structure of the device such that metal-chalcogenide
material is incorporated into the chalcogenide glass layer, thereby forming a
conducting channel within the chalcogenide glass layer. It is theorized that Ag:Se is
incorporated onto the glass backbone at Ge-Ge sites via new Ge-Se bonds, which allows
silver (Ag) migration into and out of the conducting channel during programming,
Movement of metal (e.g., typically silver) ions into or out of the conducting channel
during subsequent programming and erasing forms or dissolves a conductive pathway

along the conducting channel, which causes a detectible conductivity (or resistance)

change across the memory device.



presence of another species, such as silver selenide
provi ded from an acconpanyi ng | ayer, can, in the
wonremanesa3of an applied potential, break the GeeGas2006/020242
bonds and bond with the previously honopol ar bonded Ge
to forn1conducting channel s. These characteristics
make this "40/60" stoichionmetry optimal when using a
ger mani um sel eni de chal cogeni de gl ass with respect tao )
[0007] the [Wiwabrendefermiveniudinipeeriprieiwelhas donglsct boekbone ina
pat hway. [0008] While germani um chal cogenide (e.g., Ge
I
PCRANBeeeb e P01 Bl G SR PRI Bt il
sSwi tching properties or thernal limtations of the
incorpatetdstherm&taricallfaostabla geimueimmi-@ermaoiimdSe-Ge) bonds. The
enbodinents of a nethod of detern1n|ng sui tabl e gl ass

bon mat er i al nma | ace of .
presen GBI e eFleby Skl P B RS i B0 AL oo dying
a PCRANl with other materials, a nethod of forn1ng
layer, carier theqeeseres ofiahapplied pmelemalab&akahel Gie@Gedemds and bond
constructed in accordance with these methods.[0010]

it o5 S BB S, P SRR S L Bl R A

sel ected from G oups 3-15 of the periodic table and B

charactesisBcimake digie "udBometschidmdtFoopanal whk. usihg anRirieehium
of selecting a glass material includes: (1) selection

a_non- chalcoge de co onent A from G oups 3-
selenicgichlBATIE a5 Wi ﬂ@oéqa@aﬂeﬁ)o seBeRichEghagmel and

chal cogeni de corrponent B from Goup 16
conductive pathway.

[0008] While germanium-chalcogenide (e.g., GewSeso) glass layers are highly
desirable for PCRAM devices, other glasses may be desirable to improve switching

properties or thermal limitations of the devices.

SUMMARY

[0009] The invention provides embodiments of a method of determining suitable
glass backbone material, which may be used in place of GewSes glass in a resistance
variable memory device, such as a PCRAM, with other materials, a method of forming
memory devices with such materials, and devices constructed in accordance with these

methods.



for which conponent A will have a bonding affinity,
relative to the A-A honopol ar bonds; (3) sel ection of
wea sdepiszhdonetry (i.e., x of AcBi 00-x) that w PCTAISR@E020242

t he honopol ar A-A bonds to form and (4) confirmation

that the glass AcBioo- / at the selected stoichionetry

(i.e., x), wll allow a conducting channel and a

conductive pathway to formtherein upon application of
[0010] a coftetdhahioggnidel glageméteiniah nzaynie¢ sdpreswaited tynhdao, where A

| ayer and netal ions are proximate the glass). [0011]

s non PR AR AT s B RO o S e b BRI B ana
telluride glass backbone having a

a chalcog@NitRl Pat&$dl GRiICHFRp 6. At metRidbf siiedtzpaeplade nlayeal
proxi mate thereto for a nenory cell. In a specific

) exenpl ary enpodi nent, x i s between about 44 and .

includes 41) sleesion Hiea ReR-halREPEEGSAMRITIR) & oah Chelas 318 that win
selenide with a stoichionetry of about SnSe, O her

ibi Bd1dBYorflss @) Relep S0 6f AlRAICWESM deltomshrRss BaR6HDGRGup 16
exh1b1tﬂaﬁ%1 :@t al -Ochaf gzc))ger?i de | ayer. [Cg%lz] The Ig:Lbove and P
other features and advantages of the invention Wil be
for whiggeceraponaaeAsyBblave ohondiagradfingyi reiaties to thed-A homopolar

description, which is provided in connection with the

; | iy R, KoL) AL NP6 he homopolar
bonds; GRSAPRAH O i8Rt B, So REE e MR homo
anal ysis of germani um sel eni de gl ass, which may be
A-A bondetb farngeineci) nonfifinaatiorbtieit tomglasaeBival gt the selected
accordance with the invention; ‘
stoichiometry (i.e., x), will allow a conducting channel and a conductive pathway to
form therein upon application of a conditioning voltage (when a metal-chalcogenide
layer and metal ions are proximate the glass).
[0011] An exemplary memory device constructed in accordance with an
embodiment of the invention uses a germanium telluride glass backbone having a
GexTein stoichiometry and a metal-chalcogenide layer proximate thereto for a memory
cell. In a specific exemplary embodiment, x is between about 44 and about 53. Also,
the metal-chalcogenide layer can be a tin selenide with a stoichiometry of about SnSe.

Other layers may also' be associated with this glass backbone and metal-chalcogenide

layer.



[0014] FIG 4 shows an exenpl ary enbodi nent of a
menory device in accordance with the invention; [0015]
woh@e/1B32aBows an exenpl ary enbodi ment of a menmBCY/US2006/020242

device in accordance with the invention; [0016] FIGs.

6-11 show a cross-section of a wafer at various stages

during the fabrication of a device in accordance with

an enbodi nent of the invention; [0017] FIG 12 shows a
[0012] resi Thanbevyahtlagherfeaneestnd aﬂwaﬁtag@s o the ireintigh will be

wite and second (programrng) wite for a 0.13 mm

better ugg FRR)dSH:QaC " %g\?l?gbjf,egaclfggs%qsgéﬁ tgi}ogv’;\é{ ]1981]0V§:le% in

i ncorporating nenory devices in accordance with the
connectdWRithi tA8 2k @k Bhn r@draMﬁ d4h are graphs showi ng

experinmental resu of ther mal testing conducted with

devi ces fabri cat ed | n accordance with exenpl ary

enbodi nents of the invention; and [0020] FIG 15 shows

a graph of Raman shift analysis of germaniumtelluride

detai ea ABE HSRITEAN QR DEAWREE, 70,00
speci fic enbodi nents of the invention. These

o011 EPOCHEEDLS A0, SRR ARl By A Shent oo i

act |

invention. It is to be understood that other '
glass, wéhittodiaydnt ssetbin debecting glpedhackhdne ratenjalsiip@scordance with the

structural, logical and electrical
invention;
[0014] FIG. 4 shows an exemplary embodiment of a memory device in
accordance with the invention;
[0015] FIG. 5 shows an exemplary embodiment of a memory device in
accordance with the invention;
[0016] FIGs. 6-11 show a cross-section of a wafer at various stages during the
fabrication of a device in accordance with an embodiment of the invention;
[0017] FIG. 12 shows a resistance-voltage curve of a first (conditioning) write and
second (programming) write for a 0.13 um device in accordance with the invention;

[0018] FIG. 13 shows an exemplary processor-based system incorporating

memory devices in accordance with the invention;



changes may be made w thout departing fromthe spirit

or scope of the invention. [0022] The term "substrate"
wozew/i3z818he fol |l owi ng description may i ncl uderPamyus2006/020242

supporting structure including, but not limted to, a

sem conduct or substrate that has an exposed substrate

surface. A sem conductor substrate should be

understood to include silicon-on-insulator (SO%

[0019] sj | i cBKsnA4addbhire grqu@hom@g@gpgnmam@ﬂd}geults of thermal testing
sem conductors, ep| taxial layers of silicon supported
conduchd @vﬂ? gﬁa% ud acchW Loy e?é}gg?éljgegmbodlgnents of the

mcon or s ructures en reterenc
sem conductor substrate or wafer in the follow ng
inventidesaendpti on, previ ous process steps nmay have been
utilized to formregions or junctions in or over the

base uctoror .foupdatio trate ne
l00201 P05 BRE G i eeip b Eb Ra i afith )y 8t g Birgptii elluride
structure suitable for supporting an integrated
glass. circuit, including, but not limted to, netals,
al | oys, gl asses, polyners, ceram cs, and any ot her
supportive materials as is known in the art. [0023]
The term "chal cogenide” is intended to include various
al | oys, conpounds, and m xtures of chal cogens
(el ements from Goup 16 of the periodic table, e.qg.,

sul fur (S), sel enDETARED DESCRIPTIONTe), pol oni um
(Po), and oxygen (0O). [0024] Enbodi nents of the
i nvention provide a nethod of selecting a gl ass
[0021] back bbnthenellewiing detriledsaescripionesifateane & made ablvarious specific
menory device, such as a PCRAM The backbone materi al

embocefs s R8P ok i el BRI Pene e
non- chal cogeni de material sel ected
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.
[0022] The tetm “substrate” used in the following description may include any
supporting structure including, but not limited to, a semiconductor substrate that has
an exposed substrate surface. A semiconductor substrate should be understood to
include silicon-on-insulator (SOI), silicon-on-sapphire (SOS), doped and undoped
semiconductors, epitaxial layers of silicon supported by a baée 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 regions or junctions in or over the base semiconductor
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from Goups 3-15, and preferably 13, 14, and 15, of
the periodic table and B is a chal cogenide materi al .
woheoopl3zeas backbone may al so b e represented byCcrhs2006/020242

formul a (AxBi 00-x)Cy, where C represents one or nore
addi tional, optional conponents, which may be present
in some glass fornul ations, but which may be om tted;
therefore, the description hereafter will focus on two

or foundatiqronEhé subgiratacheB) nod be semptansiucjorshised, Fhemalythenate
choice for the material AxBioo-x depends, in part on

t he ke u of dj LR hal I
support JFy T ol g o R RE AL ST ¥ o
operationally engages. The conponent A shoul d have an
limited &3, frhétalsy afloys,tdigssel)gdtp@ery, deranoinpamehinyBoth@ndupportive
preferably or t he chal cogeni de material (which is
refe o component B) ofthe netal -chal cogeni de
F V%% éﬁﬁg Seeo gl ass has been experimental |y
observed to have good gl ass backbone properties in
[0023] PCRAM}@et\ét&esohaPcolg@ﬁmo heirBh@d & ilcREsaRb@dalyy s he
formul a AxBi oo-x shoul d have properties simlar to
Ge40Seeo gl ass, such as honopol ar, bond prgpertles an
compougids, Ane ynesturesefshalceranSianrs feumiernein 16 ¢ e, pe@@dlc table,
for the chal cogeni de conponent in the
1 Lalif ACITLAURT (T ShiutRKPEY ahfl o)
©8 Suﬁ%@gct 2%15?? | nt o congs e%fg&gtlléln a %I?I na%s&gen( )
consi deration in selecting conponents A and B and the
[0024] st oi dhbadimentsef the Hivassopaurpisieea metlopd af s¢lectinga glass
the resulting material contain thernodynanically
backbo %ﬁ{a%&lﬁl %9 TRk 8% %Q&ﬁﬂt?e 9£r19[§1 8?1& é‘evi@@ 31 al'la‘;lRAM
non-'chal cogeni de conponent orn1a
anot her conponent A in the gl ass, as |n|t|aIIy f or med,
The badkbbye infiatetial €.6., dagkbomsglags kiyenl 8 afblns. doinctompendet B
to satisfy the coordination nunber requirenment for

represeﬁpe%y BY formula AxBuox, where Aisa non-chalcogenide material selected

materia

from Groups 3-15, and preferably 15, 14, and 15, of the periodic table and B is a
chalcogenide material. The glass backbone may also be represented by the formula
(AxB100x)Cy, where C represents one or more additional, optional components, which
may be present in some glass formulations, but which may be omitted; therefore, the
description hereafter will focus on two components (A and B) for simplicity sake. The
ultimate choice for the material A«Bwox depends, in part, on the make up of an adjacent
metal-chalcogenide layer (e.g., layer 20 of FIGs. 4 and 5) with which it operationally
engages. The component A should have an affinity for the chalcogenide component B,

and preferably for the chalcogenide material (which is preferably also component B) of

-8-



A, which allows for the formation honopol ar A-A bonds.
The A- A honopol ar bonds in such a glass naterial are
wohersnpeBigam cal | y unstable and will thensel vescCbmnsato6/020242
when the device is programmed and a conducti ng channe
is formed in the gl ass backbone by the
nmet al - chal cogeni de | ayer when the chal cogeni de
conmponent for the netal -chal cogeni de | ayer bonds to
the metahehalongemidatayerp SintecGpeidnglasrhasieencanpssinaentsbyigbserved to
This property is dependent on the st0|ch|onetry of the

rave o BBk RS g AR AR EPAL SRR, I ot

A- A bonds. [0026] What "excess" chalcogenlde conmponent
represeRtetbby she fornaklatA.Bwot shduld hawe gropeérties Bimdax taGewobeds glass,
st oi chi onetr y may be determ ned by whether the

such asJEEpPet BEp  GR PET e e a1y ARy TP B AT gen by component,

determ ning the presence of honopol ar bonds when

e.g., GeS edrabibichalcagBRidRy dothp it 90 the ﬁ@taltdm@kw%asdém%bone
i n PCRAM devi ces. Raman Spectroscopy i s based on the

Ranan ffec ch is the inela c .scattering
[0025] phot o uag tﬁ%qeg(}mr@%tenw% igto %nssﬁ‘iﬁgﬁopn@ gﬁlgpztr)y Con31derat10n in
(counts) vs. Raman shift (cm 1) is a Raman spectrum

selectm\gwﬁ%dn%ﬂtm RR& Bar @ thfdt&Rhiohnéry FO02 £lasReh kB IomARMal is
1, which is a Raman spectrun1for bul k Gei 3Se77

glass, it can b e observed by the Raman Shift peaks at
that thespesuitirgymagesial CPnéma tb@rramarweﬂz mr@t%h%ahom@qﬁ@ra%@ds of
i ncor porates Ge-Se bonds and Se-Se (i .

compoﬁ&?tlﬁoiﬂg %S/th?or R 01:[ IEF&lcbé%lﬁHe EBHSJEH%QP ACmay fOI‘Iﬁl a bond with

st oi chi omet ass~ backbo since It
t he honopol ar Ge- Ge (i . €., non-chal cogeni de) bonds
‘anothede@npabe@t Adn theglaski asginitialky f@emﬁdeonbfnqﬁ theserigan insufficient

amount of component B to satisfy the coordination number requirement for component
A, which allows for the formation homopolar A-A bonds. The A-A homopolar bonds
in such a glass material are thermodynamically unstable and will themselves break
when the device is programmed and a conducting channel is formed in the glass
backbone by the metal-chalcogenide layer when the chalcogenide component for the
metal-chalcogenide layer bonds to the component A participating in the homopolar
bonds. This property is dependent on the stoichiometry of the material AxBioox in that
excess chalcogenide component B will inhibit the formation of homopolar A-A bonds.
[0026] What “excess” chalcogenide component B means in relation to the

material AxBioox and its stoichiometry may be determined by whether the material

-9-



germani um sel eni de glass. Conpare FIG 1 to FIG 2,
the latter of which is a Raman spectrum for bulk Ge Se
wogbh@gis2819hi ch shows a Raman Shift peak at aboBCTAB2006/020242

1 that corresponds to Ge-Ge honopol ar bonds and a peak

at about 200 cnr 1 that corresponds to CGe-Se bonds.

The preval ence of non-chal cogenide (i.e., Ge-Ce)

honopol ar bonds found in Ge- Se ois a characteristic
exhibitsshedtimépolaabendabsnborRamengbassodrapklvandei musRhdalytical

This characteristic nay also b e seenin a thin film

oot o e R A RS e 3005 D Fh g Ao

other materials AcBi oo-x of varying stoichionetrics to

for the &£laBéibad@dihkan PURA N Peieks dRAMAR Spatirogopge bab@i on the Raman
ond| ng of the non-chal cogenl de corrponent (| e., A-A)

he materi al V\:hIChI cate %&3 %s ui t
effect, %h’&bé? thesielaghic soajterg B Y[IB s gotﬂﬁ amnan
af orenenti oned desired char act eristics into

1nten31tg‘{@§lh1‘?t§)' %'I{H?maﬁ BRifRL{0ds QRaAIHESId RGN WHIdABtRe basis for

I'ass b bone may be péerforned by the f'ol | ow ng
steps: (1) selection of a non-chal cogeni de conponent A
FIGs. 1 om G oups 3-15 that will exhibit honopol ar bonds;
(2) selection of a chal cogeni de conponent B from G oup

o 16, SR EGED, A i iy

a stoichionetry (i.e., x of AxB| oo x that w il
glass, ipranvbaiebseovechby e RethamaPhifiardajs ah sb@mﬂ 20¢inas ndrad about 260
wi Il allow the honopolar A-A bonds to form and (4)

cm? tha(s;ccmf ! ng ol}ygtqa%s e@eSe)ng&ﬁfﬁ %ﬁﬂi? 2% %ie. aéhagébge?ﬁ%@)%o%‘as. This

W acon

channel and a conductive pathway to formtherei n upon
is an urapsinabht stoichifmetryg doditte glassigpokbbhegierce whianksathe homopolar Ge-

nmet al - chal cogeni de, e.g., MyBioo-y, and netal ions are
Ge (i.e., non-chalcogenide) bonds desirable for switching in a device comprising a
germanium selenide glass. Compare FIG. 1 to FIG. 2, the latter of which is a Raman
spectrum for bulk GewSeso glass, which shows a Raman Shift peak at about 175 cm™ that
corresponds to Ge-Ge homopolar bonds and a peak at about 200 cm™ that corresponds
to Ge-Se bonds. The prevalence of non-chalcogenide (i.e., Ge-Ge) homopolar bonds
found in GeswSes is a characteristic sought in materials for the glass backbone in
PCRAM. This characteristic may also be seen in a thin film of GesSes using Raman

spectra, as shown in FIG. 3. Similar comparisons of Raman spectra may be made for

other materials AxBiox of varying stoichiometries to find spectra showing peaks

-10 -



proxi mate the glass). [0029] Using the above-di scussed

nmet hodol ogy for selecting glass backbone materials
woxBiono243 at | east four have been found pref epaiblus2606/020242

use in PCRAM devi ces. These materials include arsenic

sel eni de, represented by fornula AssoSeso, tin

sel eni de, represented by formula SnsoSeso, anti nony

sel eni de, represented &y formul a_SbxSei oo-c, and
demongiaingihpmepolag brading efifhe s@rt alepgenide pempotextTérod-A) in
As shown by FIG 15, the Raman shift peaks for

the ma.géé R EliLated e 'tgﬂ HEBICE AL 0 QWY S8,

or Ge- out ount s/c
Te-Te bonds) denDnstrat at Ieast onef avor abl e
[0028] char a&"tabmgthecaferemmug*legsgesﬁmd db@RANerigtidsHotmtoreiddration, the
of these exerrpl ary materials include sel enium or

me’cho<l&iI g)g Eéc ogulfagagg 8{5%%%%‘3&% %5% ﬁ)@ af:;e%%g @t@f g}rteﬁt‘é&lowmtc;

Wi th reference to the other figures, which illustrate
steps: @ eelptiaoy of ato-dhebdogenitte ¢dmpogdietid fidih Crolipk8-15 that will
reference nunbers indicate |like features. FIG 4 shows

et S5 Bt R SUSR O B TBE kP o oo 1

device 100 shown in FIG 4 is supported by a substrate

for whikd. cotponériteA swilligiavataebdiiting helighy Nelatiecesha-Whomopolar
directly so, is a conductive address |ine 12, which

ves as ap interconnect for th 0 sh and
bonds;f(g} s ecsian %ﬁ&?l@?owﬁ&(l € mfaﬁ‘x%%fes %%Wé? P’éP‘B £ {91
of a nmenory array of which the shown device 100 is a

thermd®ydamilchlly inB@HH Bla8s hRd WATQIRAV ﬁ{e‘a‘h@ﬁogBIdrm bonds to form;
i nsul ating |ayer (not shown) between the substrate 10

and address line 12, and this_may
and (4) confirmation that the glass AxBiox, at the selected stoichiometry (i.e., x), will

allow a conducting channel and a conductive pathway to form therein upon application-
of a conditioning voltage (when a metal-chalcogenide, e.g., MyBioy, and metal ions are
proximate the glass).

[0029] Using the above-discussed methodology for selecting glass backbone
materials AxBioo, at least four have been found preferable for use in PCRAM devices.
These materials include arsenic selenide, represented by formula AssiSeso, tin selenide,
represented by formula SnsoSeso, antimony selenide, represented by formula SbxSe1o0x,
and germanium telluride, represented by formula Ge«Tewox. As shown by FIG. 15, the
Raman shift peaks for germanium telluride glass are at about 140 counts/cm™ (for Ge-

Ge bonds) and about 180 counts/cm-1 (for Te-Te bonds), demonstrating at least one
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be preferred if the substrate 10 is
sem conduct or - based. The conductive address |ine 12
woamehis2eapy materi al known in the art as bei ngrPasaRsR006/020242

for providing an interconnect |ine, such as doped

pol ysilicon, silver (Ag), gold (Au), copper (Cu),

tungsten (W, nickel (N ), alum num (Al), platinum

ﬁgt%é titanium (Ti), and _other materials [0031] Over
favoraplechampterdsiiq pfiheBlagsson PERAM. hlshevghueadeof thiese xeraplary

be defined within an insulating layer 14 (or may be a

_ | yer: h ’ . .
e o A ea LA ISy 3 B ot Bl s may be

be any conductive material that will not mgrate into
used ag megllcogeni de gl ass, but is preferably tungsten (W.

Thei nsul ating | ayer 14 should not allow the mgration

TG T R R R o —

_ material, an insulating glass, or an insulating
illustraie kyeraplarp embedinmnts and tedughosit othidalike irefesendeQQdRbers
A nmenory elenment, i.e., the portion of the nenory

ncica e 400, D AU LR SR Ny device 10

FIG 4, a chal cogenide glass layer 18 is provi ded over

constriidted in asdordheat wirthethtGnvditeorc HEhe Qeeiné deo ghews ihal€e! 4 is
18 has the stoichiometric fornmula AxBi oo-x, with A

suppoftFe, B dotHoRa e oW Eh S e, L Saoaso Bt nefReoarily direetly so,

mat eri al AxBi oo-x may be many materials with the

is a coreupitRRrddIressClide 8L Wehichisefifes(aB a8 intd1HRRQ: 361 BRWSsice 100
honmopol ar bond strength, thernodynamc instability,

Shown%%];i@r 3@@5@%&[@?@%@%&&?@%@2% 8&%@@%@25&%@2; grray of
SbxSei 0o-x, AssoSeso, and GecTei oo-x, which have been

which fRUWHbW? dBic8UODAPA abl Tt is possible to incorporate 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 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.

[0031] Over the address line 12 is a first electrode 16, which can be defined

within an insulating layer 14 (or may be a common blanket electrode layer; not shown),

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
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foll ow ng the methodol ogy di scussed above. Gernmani um
telluride with a fornmula GexTei 00-x, where x is
woetwaszsiabout 44 and 53, is the preferred nat ecrals2006/020242

| ayer 18. More preferably, x is between 46 and 51 and

nost preferably, x is about 47. This may b e witten

as Ge"Tes4 to GesiTed49, CGermaniumtelluride is a

particul arly good sel ection for the chal cogeni de gl ass
insulatig layer 84 sheualdsaot adkovs blasvmignatiomeofRaatmhicstand carFb&an

it exhibits the Ge-Ge honopol ar bonds desirable

15,
. SS. 0, : used_w t h;. . .
insulatf oG, HIEEE RGP o BIETSMR s M diPlriiscongipgymaterial, an

the tin selenide allows for theformati on of a Ge-Se
insulatimm glaas trtaneinsdelatingnainmenf bt is manfielitddio swhahategiads.,

Ag) ion mgration during operation of the nenory

devi cg._[0033] ,The | ayer. of chal cogeni de gl ass. 18 is _
[0032] pr ef e%a%‘k?‘%gte\}\%gﬁnéabgu%heiﬁﬁrt@rh %WO?J@%@V}&%WP&@@

nost preferably about 300 A thick. Layer 18 need not

stores oA stitg!ie fordyel ovér Wledsst elettrod@Y6.al:s thddemboaRh B EHhown in
of nmultiple sub-layers of chal cogeni de gl ass havi ng
th ame o ifferent stoichionmetries. This |ayer of

FIG. 4@@@@@@}%@%@%@8& 8 fprayidedevey Rifisbelesepdailon The
the underlying electrode 16. [0034] Over the

chalcogdratie QuRRI &R ra8aRSs tha¥&)icHiBnctria b A€l LB, with A being a non-
net al - chal cogeni de 20, which nay be any conbi nati on o

nmet.al conponent N% whi ch may be sel ected from any
chalcoggitide sompomenhane Seainge hetgogarite ®mppnart asgliscussed above.
preferably the same chal cogenide as in the gl ass

‘The mABEKDANS . 3 bé%\ma?%ffa%lﬁ‘%vi{ ﬂ{eeaﬁﬁgg)?giat’é’cﬂﬂgcteﬂfgcs (e.g.,

formul a M Bi co-y. e gl ass one | ayer
material, other conponents nmay be added, but the

homopedardrandsaheswaelardand strergthi theumosynamio ihsrability, etc.) and an
conmponents Mand B for sinplicity

appropriate stoichiometry, as discussed above, but is preferably be selected from
SnseSeso, SbxSe1oox, AssoSeso, and GexTeiox, which have been found to be suitable by
following the methodology discussed above. Germanium telluride with a formula
GexTe1ox, where x is between about 44 and 53, is the preferred material for layer 18.
More preferably, x is between 46 and 51 and most preferably, x is about 47. This may
be written as GesTess to GesiTes, Germanium telluride is a particularly good selection
for the chalcogenide glass layer 18 because, as shown by the Raman data in FIG. 15, it
exhibits the Ge-Ge homopolar bonds desirable for such glass. Also, when used with a

metal-chalcogenide layer 20 of tin selenide (SnSe), the tin selenide allows for the
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sake. The netal - chal cogeni de may be, for exanple,
silver selenide (AgySe, y being about 20) or,
wonedsaszaBy, tin sel enide (Snp+/-ySe, where y PET/US2006/020242
bet ween about 10 and 0). The netal - chal cogeni de | ayer
20 is preferably about 500 A thick; however, its
t hi ckness depends, in part, on the thickness of the

'underlyin% chal cogeni de g) ass | ayer 18. The ratio of
formatipR of RiCeg @b@néfargiﬁée wevaloparentc gedtianmel fopanetad (¢.g, Ag) ion
that of the underlying chal cogeni de glass |ayer 18

migra%%?g%%eof%%{gﬁﬁ%5%%@5%%(2???% efléerl’ri gtg)rteo FI G

4, a nmetal layer 22 is provided over the .
[0033] net al divgllapereel dhaldoggnidetiass thistpreferably batfvebaybbulP00 A and
preferably incorporating sone silver, if not being

st GHB1 AURL A T SpBEL 0 S U, 322 RY G FpRy

operation of the nmenory device 100. Over the netal
layer of gjass, 2@t insyalseboonptised podeailfple sittelgeepstichalcogenide glass
el ectrode 24 can b e made of the sanme material as the

. fihrst electrode 16,. but is. not . required tq be sg. Jn o
having e ¥apfe OF B EnEichlim e SIS aTris ppes! ohalpReesidp glass 18 is in
el ectrode 24 is preferably tungsten (W. The device(s)

electricil @omeyt beth gl widd]hyg alectrosiel 1@t i ng | ayer 26. [0036]
FIG 5 shows another exenplary enbodi nent of a nmenory

devi ce, 101. construct,ed |in accordance with the )
[0034] [ Vo By .thﬂxsﬁ%'ﬂ%g%aﬁ glass fay R dé 1Fangy i ¢fimefal-chelsogenide 20,
menory device 100 of FIG 4 and |layers designated with

which hid¢ebé i ceRtEn BTSS! Sietd] RoRIFIRLARI YWh B8 ®e selected from
materi al's and have the sanme thicknesses as those

delscrigeg jnrelation to the enbodi nent shown in FIG
any mefalspgpd ghaleggenidegempanent B, which is preferably the same chalcogenide

as in the glass backbone layer 18, and may be represented by the formula MyBioy. As
with the glass backbone layer 18 material, other components may be added, but the
metal-chalcogenide will be discussed as only two components M and B for simplicity
sake. The metal-chalcogenide may be, for example, silver selenide (AgySe, y being
about 20) or, preferably, tin selenide (Snuo-ySe, where y is between about 10 and 0). The
metal-chalcogenide 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 metal-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.
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el ectrode 16 is preferably tungsten. The chal cogeni de
gl ass layer 18 material AxBioo-x is selected according
woaodshis2a1et hodol ogy detai |l ed above and can be geTB@INEAR0242
telluride; it is preferably about 150 A thick. As with
device 100 of FIG 4, the netal -chal cogeni de | ayer 20
rmy b e any conbi nati on MyBi oo-y, but can be tin
e; is preferably about 470 A thick. The
[0035] net aI Snﬂéy@ﬁerlzgg 50 ELGr &5 etd Faver A2 is previdierhasier thgmetal-

can be nostly or wholly silver; it is preferably about

chaco a8t oS L B 2 BB RGeS sives

addi tional second and third chalcoginlde Iagers 18a
not beiagextiBisivelpeidvér. THe: metd hayer RaIsboy&hbe ebghihs@) Adhédk. The metal

18a is forned over the netal chal cogeni de | ayer 20 and

layer 22 Et%ftﬁé ?%H%hﬁ?aﬁgﬁ?é?gn% glt\]é ﬁﬁm%ﬁﬁﬁ \fut.]é %06 e@gg the metal layer

co en ayer arls
the netal Iayer 22 is a third chalcogenlde gl ass Iayer
22 is a d&ondvdieattodes24r Ehe sadoing eddadrddelBDcak bédincdde ditthe simnednaterial
chal cogeni de gl ass | ayer 18b provides an adhesion

as the #i% g{ec&gagﬁggﬁegysip&tlr%@%é goadge %?Tg Oegﬁeénw terq'mbodimen’c

necessarily a single layer, but may be conprised of

shownHIRIGP4 ethe ybcdiay elestrodd dit tid gﬁ@éﬂa}bl thgzss@c VY. Thd device(s) 100
third chal cogeni de | ayers 1 and}18b my b e a

di ffer | ass. mat rlal romthe first chal cogeni de
may b%}SQL‘% q?gyé\% ipgulgtt BYI?r h other. G ass materi al
preferred for layers 18a and 18b is germani um sel eni de

[0036] ( Cex SEIQ% showhRhEtHM: ek&ipliry caeFsighertdf a0hBRIory device 101
materials may be useful as well, including gernmani um

telluride (GexTeigo-x), arsenic sel enide (AsxSei 00-X),
constryqtad p pesrdanesnitbeihsdnygntion Meprydavass Hgl has many
( SbxSei 0o0-x), , germani um sul fide

similarities to memory device 100 of FIG. 4 and layers designated with like reference
numbers are preferably the same materials and have the same thicknesses as those
described in relation to the embodiment shown in FIG. 4. For example, the first
electrode 16 is preferably tungsten. The chalcogenide glass layer 18 material AxBioox is
selected accordihg to the methodology detailed above and can be germanium telluride;
it is preferably about 150 A thick. As with device 100 of FIG. 4, the metal-chalcogenide
layer 20 may be any combination MyBiw.y, but can be tin selenide; it is preferably about
470 A thick. The metal layer 22 preferably contains some silver, but can be mostly or

wholly silver; it is preferably about 200 A thick. The primary difference between device
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(GexSi oo-c), and conbi nati ons of germani um (Ge),
silver (Ag), and selenium (Se). The second el ectrode
wa4doiesi3prief er ably tungsten (W, but may b e ot ReT/US2006/020242

metal s al so. [0038] As shown by FIGs. 14a-14h, PCRAM

devi ces in accordance with the above-di scussed

enbodi nent (FIG 5) were experinentally tested for

menory operation under varied thermal conditions. Each
100 and ietevice( 1011 ds theladd ition)tordayicssHHtof aal digonalfsertmd and third

tests on a respective PCRAM device. Simlar to the

A in.E 5,each tested device had a

Chalco?%ﬁ&??@?&g@@a?ﬁ?&?ﬁé ectrode (e.g., layer 16), a 3QgA

germaniumtel luride (GexTeioo-x, x 44 to 53) |ayer
[0037] (e. g. Theagerndl)altdgendde glass day2008a fis forarldesvatehe SnGa)-

| ayer (e.g., layer 20) thereover, a 150A germani um

chaeogER R SR ety o 1 o Bl DL 18T, °
| OOA germani um sel eni de (Ge2Se3) | ayer (e.g., |ayer

chalcog@tifetofiti egmariBads thedall lup@SIENOCYY theasend 18/ QRri9dehird
e.g., layer 24). [0039] The testing was conducted by
osi.tioning fers, whjch supported the ,PCRAM devi ces,

chalcogigrigle gARs dr e IS vl s mafrablrakautdAa Aotk oshe dsg
ten (10) devices at the tenperatures shown on the

chalcoS&atk $143 15728 8b W vidH}- anliteh F R IR
%ondué%t ed o}h eac#ﬁgevi ce as fégﬁrgf\?g?f?% swg p teldtifode
potential fromO to 800 nV and read resistance of cell

formatzgn. 1.8s wirth kygel 8 ofifHe- 4 AayerailBa andrl8hiase ant veqaRisyrily( @3ingle
sweep the potential fromO to 10 nmV and record the

oy 5519 85l UG0S e Mg SEOEE 0 o i
the potential at which the device erased and the
chalcogenidefayess 18hand dBhseaypbe ertiffartent glase marteiinkfroie ther fise
chalcogenide glass layer 18 or from each other. Glass material preferred for layers 18a
and 18b is ggrmanium selenide (GexSeiwx), more preferably GezSes, but other materials
may be useful as well, including germanium telluride (GexTeioo), arsenic selenide
(AsxSeinx), tin selenide (SnxSe1w~), antimony selenide (SbxSeco-), , germanium sulfide
(GexSwox), and combinations of germanium (Ge), silver (Ag), and selenium (Se). The
second electrode 24 is preferably tungsten (W), but may be other metals also.
[0038] As shown by FIGs. 14a-14h, PCRAM devices in accordance with the
above-discussed embodiment (FIG. 5) were experimentally tested for memory

operation under varied thermal conditions. Each chart (FIGs. 14a-14h) represents a set

of thermal tests on a respective PCRAM device. Similar to the device shown in FIG. 5,
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vol tage and erase current; (4) sweep the device fromO
to 800 nmV and read the resistance at 10 nV (this is
woOheosRazsase) and record the potential at whi chpPCinais2006/020242
device switched (i.e., was witten; the W2); and (5)
sweep the potential fromO to 10 nmV and record the
resistance at 10 nV (this is the Rw2). The charts of
FI Gs. 1l4a- 14h show t hese neasured paraneters (i.e.,,
each tegigd dexige hpgl a tupgsfen QW)rf@ﬁf elegirade (¢:g) {aygs 16Ra 300Rwgermanium
Rerase) for 10 experinental devices constructed in
i ey W t ' [ t r .
e A e P P 150 AR S, 2o T e
ermaniumtel l uri um based PCRAM cel |l s have therna
(SnSe) ?%Jeé (egecdayen20) thareovesy a 18Aigermambny sebariide $GefSee)4ayer (e.g.,
The above-di scussed enbodi nents are exenpl ary
[ S ' tLon,/.ho er._exe ry
layer 13500 AR ca 04 Bver P Ui S22 ROy Y SRR
el ectrode |layer 16 and address line layer 12. Another
germanivenpélenide(timipiayer (ey., layer h8antkeredveyearsd § euggsten (W)
| ayers 16, 18, 20, and 22 of FIG 4) of the nenory

C d ere,t\he menory cell is defined [ocally by
Secondt%éétf)%%i {/‘“{'%xﬁéﬁer?@e second el ectrode 24 over the

substrate 10. Anot her exenplary enbodi nent may form
[0039] t he nE&heitystitevivaecondinited dy\poaitiddetwaresd, Wid¥ekapported the
such as barrier layers or alloy-controlling |ayers,

PR A SRES b EaSu  E RSBl Bt en 10

accordance with the invention w thout departing from

deviced hetheaeperiieiredihovi¥ A the théds iPFIds. ilkhuahl attR BC probing
cross-sectional view of a wafer during the
procedure was conducted on each device as follows: (1) sweép potential from 0 to 800
mV and read resistance of cell at 10 mV to determine the initial resistance (Ri); (2)
sweep the potential from 0 to 10 mV and record the resistance at 10 mV to obtain the
write resistance (Rw1); (3) sweep the device from 0 to -1 V and record the potential at
which the device erased and the current at that erase potential to determine the erase
voltage and erase current; (4) sweep the device from 0 to 800 mV and read the
resistance at 10 mV (this is the Rerase) and record the potential at which the device
switched (i.e., was written; the Vw2); and (5) sweep the potential from 0 to 10 mV and
record the resistance at 10 mV (this is the Rw2). The charts of FIGs. 14a-14h show these

measured parameters (i.e., Vw1, Vw2, Ri, erase current, erase voltage, Rwl, Rw2,

Rerase) for 10 experimental devices constructed in accordance with the invention at the
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fabrication of a nenory device 100 as shown by FIG 1
Al t hough the processing steps shown in FIGs. 6-11 npost
wepewiB2saal |y refer to nenory device 100 of Fl &CTAIS2006820242

nmet hods and techni ques di scussed nay al so be used to
fabricate nenory devices of other enbodi nents (e.g.,
device 101 of FIG 5) as would be understood by a
person of ordinary skill in the art.[0042] As shown by

temperftuges shownsildrag tae x-ats of sheehartd ebhe msultsghout wt germanium
above, the substrate 10 can be sem conductor-based or

e e tAQ\ ' t

tellurivf] Béér%{ { PRI hcghg ‘r@% ﬁerg@% FoIBHRREL E%ig?lla% (bt b Prfhory
insul ating |ayer (not shown) may be forned over the

devicessubstrate 10; the optional insulating |ayer nay be
silicon nitride or other insulating materials used in

t he t. Over .the substrat.e 1 r tiQnal__insul atin
100401 | o7 P R s R Rl B o PLRRT b St the
formed by depositing a conductive material, such as

inventidapiesvpedty sthdresemplhynembaeodinpdrés inynbe siséd erhiclyobiibine the
ni ckel , but preferably tungsten, patterning one or

) nor onductive lines, for instance wth .
first eloSoRB IR ot AnshRLCESSE HAF JYE |2 AP UREHPHEnP s gRRdiment may
the address line 12. The conductive material may be

use bladRBOSEReRY, [B¥st1EC 18)20UMKDDWHFI®. 4N tBE inerfbScabbody,
sputtering, cheni cal vapor deposition, plasma enhanced

hem cal d i ti L | ati ng.
where {gRGpCsy P 15 APBREY Ingallh DFIERe RS Saht thR@eker elgatrode 24 over
line 12 is fornmed an insulating |layer 14. This |ayer
D& SHHer CRBrifldry o W rith iR ke FhE ice withi
the Subr}’fgrtagfimal ,ngtrﬂ r?anyngjt her | n%ul ators }ﬁnovvn [ nwvme Wi

that do not allow netal (e.g., silver, CO{J_peI‘ , or
avia. pggifonal layers, such as barrier layers or alloy-controlling layers, not

specifically disclosed in the embodiments shown and discussed above, may be added
to the devices in accordance with the invention without departing from the scope
thereof.

[0041] FIGs. 6-11 illustrate a cross-sectional view of a wéfer during the
fabrication of a memory device 100 as shown by FIG. 1. Although the processing steps
shown in FIGs. 6-11 most specifically refer to memory device 100 of FIG. 1, the methods
and techniques discussed may also be used to fabricate memory devices of other
embodiments (e.g., device 101 of FIG. 5) as would be understood by a person of

ordinary skill in the art.
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metal) ion mgration, and nmay be deposited by any
nmet hod known in the art, An opening 1l4a in the
wonswsl1a2d18g | ayer i s nmade, for exanple, by PCT/US2006/020242

phot ol i t hographi ¢ and etching techni ques, thereby
exposing a portion of the underlying address |ine 12.
Over the insulating layer 14, within the opening l4a,
and over the address line 12 is fornmed a conductive

[0042] "Mat ensahowat BY FIG@D6,ya subsgstetl {sWrovidetheAs dadicated above, the
mechani cal polishing stepnay then be utiIized to
renove _t he cond ct,i fromov

substrate 0, fagtheRgpigeR ucitg}:/ %tagecf gg%otper materigl 1%se L asa st_}%%perting
16 over the address line 12, and planarize the waf er .

strucmﬂeoag‘lﬁlmgtvﬁ in #hg hewdf desiréd, @&So]gﬁ:ﬂﬁ’taﬂ omsudhtihg taywea (ot gfown)
at a subsequent stage of processing. A series
ers making u p t

may be écp@n&’( Qﬁkle*th@%trﬁt?dl%\ﬂéft PR i afiRs IRer B e e sllicon

glass layer 18 is fornmed to a preferred thickness of

nitride ?p&'ﬁer %%Qﬂ\at%‘éﬁ g}]e& albised i€ Hechit 0dRret eh@babdthaul18t(bngptional

cogeni de gl ass |ayer 18 i's
GExTeloo

X, where x is between about 4 ig (P 1¥
insulatingdaydeif sesiwed p @ dondimctive addrags dinedi2ds %ﬂe y depositirig a
Ass0Seso, SnsoSeso, and SbxSei oo-x, and as descri bed

conducﬁ@? xt%tteﬂgly sBé ?118 g YARARANARERA | SlasinfiBi sP9eX gold,

appréprla teristics and of an approprlate
stoi chionetry for nenDry function. [0045] The steps.in
nickel, bet prtfemablyptisigatan petieting |oai1§s>rlra9m<:0miw@tver ings, igr dnstance
(1) sel ection of a non-chal cogeni de conponent A from

5
it el il B P SRR o PR e,
for which conponent A wll have a bonding affinity,

condudti#kahatetial matytte depositeddyyoirgr tebbnigste Krgywe éh dee axgrsush as
a stoichionetry (i.e., x of AcBioo-x) that wll

sputterPI{g? \éi'\gr%iéa? rvap'or deposition, plasma enhanced chemical vapor deposition,
evaporation, or plating.

[0043] Still referring to FIG. 6, 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 metal (e.g., silver, coppez, or other
metal) jon migration, and may be deposited by any method known in the art. An
opening 14a in the insulating layer is made, for example, 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
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t her nrodynam cal | y unstabl e honopol ar A- A bonds; and
(4) confirmation that the glass AxBi oo-x, at the
weeb@eBesddst oi chionetry (i.e., x), wll allow &CT/US2006/020242
conducti ng channel and a conductive pathway to form
t herei n upon application of a conditioning voltage
when a netal -chal cogeni de | ayer 20 is proxi mate the
gl ass layer 18. Once the naterials are sel ected,
may thélebesitilized tofreibee ehat@ubetivdangteains floay everd thenhyulaéing layer
acconpl i shed by anysuitable nethod, such as

evaporative technj gues or. chem cal. vapor depositi on;
14, to 163 RRas & B G5Res ooy dhf AR Es dine 2o gl fgiisi e e water.
sputtering or co-sputtering. [0046] Still referring to

[0044] FI G FIG.7 Jmkal thehabgso@enon of tiayehafebf MGY6 at MsBbo&uent stage
is formed over the chal cogeni de gl ass |ayer 18. The

nmet al - chal cogeni de | ayer 20 js preferably tin selenide
of processifek) A ssaies O& layars maﬁ%u@ EDNOAY @8 Vite LQR(HIG. dhate blanket-
as the chal cogeni de gl ass |ayer 18. Physical vapor

deposit@& RR2k HhOWrat&h %icﬁéllco%'é}ﬁEE gﬂ%@q bl 18N s FERRYARPL ¥réfRPred

sputtering, or other techniques ’known in the art may
be used to deposit |layer 20 to a preferred thickness

thicknegs ohaleirt HPA averAhaifinst alpeirads tkaed inwllating kryepd4i dhe

sel ected based, in part, on the thickness of |ayer 18

oot B8Pk O SRS BB s st 3 by i

chal cogeni de glass layer 18 is preferably from about
be seleded from atloert matetjalamurah g Afseveah SpsoSero andSHSdo) and as
shoul d be noted that, as the processing steps outlined

cescrthl o 08 PSR e R QRS Bl bBBropriae
invention, e.g., the layers may remain in
charactbtistiéedndliopars appropriatestdchiantdtsyr farmeboy fnmttiorol
| ayer may b e fornmed adj acent to the
nmet al =

[0045] /|| ﬁ(? gl %gg‘? Ejggcetﬁrléga¥ gﬁ?}éggﬁlﬂﬁf. 1l gyesi'il S (1)
selection of a non-chalcogenide component A from Groups 3-15 that will exhibit
homopolar bonds; (2) selection of a chalcogenide component B from Group 16 for
which component A will have a bonding affinity, relative to the A-A homopolar bonds;
(3) selection of a stoichiometry (i.e., x of AxBio-x) that will provide for
thermodynamically unstable homopolar A-A bonds; and (4) confirmation that the glass
AsBioox, at the selected stoichiometry (i.e., x), will allow a conducting channel and a
conductive pathway to form therein upon application of a conditioning voltage when a

metal-chalcogenide layer 20 is proximate the glass layer 18. Once the materials are

selected, deposition of the chalcogenide glass layer 18 may be accomplished by any
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a via. [0047] Still referring to FIG 7, a netal |ayer
22 is formed over the netal chal cogeni de | ayer 20. The
wort@l13tsaager 22 preferably incorporates at | eaBCTASRWG6/020242

silver (Ag), if not exclusively being silver (Ag), but

may b e other netals as well, such ascopper (Cu) or a

transition netal, and is fornmed to a preferred

t hi ckness of about 300 A. The netal |ayer 22 may be
suitabledigptisid, edchys anypomtiveiteghamidumesvor dhentikel wapor Jeg@siion;

Still referring to FIG 7, over the netal |ayer 22, a

conductive terial is.deposited for a 0 .
howevel, Bertipiisro onpigve SRRk v Bl s 8P B ety
' any material suitable for a conductive el ectrode, but
[0046] i S ProtfiEfedbirihg 0BT, MNa nierwsstelcogunlide layet 20) afs MyByoo.y, is

be used such as titaniumnitride or tantalum for
: exanpl e.. [[0049]. Now referring.to FlI . a l. r_of, .
formed givat Brogideosmins eliss Jierds Shemepbchelbogrui ious 24s
| ayer, masked and patterned to define the stacks for

preferanf}erlh‘[@é[@flﬁﬂed@YlBQ)? \;)_]ag@eulﬁ\ﬂif @herSgdiiariit efllvaidd iWhed by the
0 i

i ke menory devices of  a nenbry array. An etching

stgf is used to renove portions of | ersaiS, 20, 22, .
chalcoggnifiexglassiayrr 1 e Physighlataney degygﬁlomc%;%rg&p yapgr dergsition, co-
stop, leaving stacks as shown in FIG 9. The
- et | A% thSHRThAPbE YL to deposit
evapor S PR R A N, bR AP o depos

insulating |ayer 26 may be farmed over the device 100
layer 24 t» aph¢fevnedahstkngss of abaad 588 AnABgin- fms thigkneps of fayer 20 is

This isolation step can be followed by the form ng of

' (E AN BN f; f th

e SRS 0P B3 PAPARL LR 81035 G460 AR Do
anplifiers, etc.) of which the nenory device 100 is a
metal-ghatdogenild lay&n2vo that ohtheamtderlying 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. 6-11 may be adapted for the
formation of other devices in accordance the invention, e.g., the layers may remain in
blanket-deposited form, a barrier or alloy-control layer may be formed adjacent to the
metal-chalcogenide layer 20, on either side thereof, or the layers may be formed within
a via.

[00471] Still referring to FIG. 7, a metal layer 22 is formed over the metal-
chalcogenide layer 20. The metal layer 22 preferably incorporateé at least some silver

(Ag), if not exclusively being silver (Ag), but may be other metals as well, such as
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[0050] As shown in FIG 10, a conditioning step is
perfornmed by applying a voltage pul se of about 0.20 V
woaeoinszripor ate material fromthe netal - chal cogemiuse006/020242

| ayer 20 into the chal cogenide glass layer 18 to form

a conducting channel 30 in the chal cogeni de gl ass

| ayer 18. The conducting channel 30 will support a

conducti vepat hway 32, as shown in FIG 11, upon .
copper §0p) dratiaositioh raei cgrdhisforged o s greferrasbiicinesy ofabout 300 A.

during operation of the nmenory device 100. [0051] The

The mefil5es P FEEpr AT LBV b3 Fhut RpplA KOKRLCT, 0o

structures (e.g., PCRAM in accordance with the
[0048] i nverStilbrefershigeio Fif 7heveathie métahlayend?,ya esmidhyctivietmaterial is
must be under st ood, however, that the invention

cepost AT TRy A3 s BB ey

fabricated as a nenory array and operated wth nenory

matetia@keiteble faf & @sadeetivdikibstrod§Midlis pieferably aigwserd however, other
resi stance-voltage curve of a first wite, which

. corresponds, to_a condjtioning voltage, and a second
materiaff ey Do teetsUchasLipBINIS MY GIE B tgBRINY A YerRRke, f or

a 0.13 mm device such as device 100 or 101 shown in

[0049] F! Gs. NfwaRdePing OSHEL B8] ¥ ®dyér of PRoREESE2T RIIGTRRbEGVRY the top
the curve of FI'G 12 has an AssoSeso chal cogeni de

| ass layer 18 (See FIGs., 4 and SL. FIG 12 shows that |
electrode4 fayestmaskeadeand patternes) toglating the gsks fox higrmgmory gigvice

the second wite (i.e., about 0.2 V. conpared to about

100, ngcl'}gsl Wt SiRSHELH] %Qii%» of 1t BehtorP eIURS of Bnbilosy abfayt An

conditions the device in accordance with the \
processi ng shown at FIG 10 by form ng a conducting i
etchingotiep irciseglOio 1ehiaste pasiiging ©f layers 18, 20, 22, and 24, with the'insulating

layer 14 used as an etch stop, leaving stacks as shown in FIG. 9. The photoresist 30 is
removed, leaving a substantially complete memory device 100, as shown by FIG. 9. An
insulating layer 26 may be formed over the device 100 to achieve a structure as shown
by FIGs. 4, 10, and 11. This isolation step can be followed by the forming of connections
(not shown) to other circuitry of the integrated circuit (e.g., logic circuitry, sense
amplifiers, etc.) of which the memory device 100 is a part, as is known in the a‘rt:

[0050] As shown in FIG. 10, a conditioning step is performed by applying a
voltage pulse of about 0.20 V to incorporate material from the metal-chalcogenide layer
20 into the chalcogenide glass layer 18 to form a conducting channel 30 in the

chalcogenide glass layer 18. The conducting channel 30 will support a conductive
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intact after this first wite. The second wite
requi res | ess voltage because the stabl e conducting
woherens28130 i s al ready formed by the conditi onPam/UsRI0GH20242
and the conductive pathway 32 is forned nore easily.
Application of these wite voltages prograns the
device to a non-vol atile higher conductivity, |ower
resistivity, nenory state. Theseobserved prpgrannin%
pathwaypa2 amesherven it FIG.Zilngpen applicatigmptie pyogiesniniyg:pulsg of about
selected in accordance with the invention show that -

the tested devices work . as when Ge40Se ois
0'17Vd8§@@%erﬁﬁ‘8n \fﬁﬁ%n}?ggf%ocﬂee.l 53] The erase potenti al

for a device having an AssoSeso chal cogeni de gl ass

[0051] | ayemheemibodindaes ddsyibes dove referitd &ie fornetibevofoenly a few
having Ge Se oglass. This erase voltage curve is not

shown in FI 12;: howeyer,, the  eras ial. i
POSSiblea‘!?éWan@.‘(?G%\?}e STRGT Y AV AT G e(gig@g;‘?lg}*ﬁ in atcordance
non-vol atil e higher resistance, |ower conductivity

with théBRRhYiod! dlich T34 pdrt 6f a hferhbipiatrad! Bsmast h@uaderstood,
processor system 400pv\/n| ch includes a nenory circuit

448, e.g., a PCRAM devj ce, i ch enpl resi st ance
howeveparbBiineRty caBATRRSIEhg IormalP L Ohss RO RDsFuctures
fabricated in accordance wth an enbodi nent the
within ﬂh@\é{fﬁtﬂ folthe"}nQFII?t?&?, SPhich Yah BRI faBHEdtedts @ HOMIH Qfray and
system generally conprises a central processing unit
(CPU) 444, such as a mcroprocessor, a digital signal
operategrwitb ssemory elemardacesss giswitabl e digital |ogic
devi ces, which comunicates with an input/output (1/0
devi y ' b h
foosz] £ HAG AR s BBl ol 0RE SRRt Bilkiile W
through a nmenory controller. [0055] In the case of a
correspondp b e conylitaning vhlage, andssegcongsyte, ayich gergeeonds to a

programming voltage, for a 0.13 um device such as device 100 or 101 shown in FIGs. 4

and 5, respectively. The device represented by the curve of FIG. 12 has an AssiSeso

chalcogenide glass layer 18 (See FIGs. 4 and 5). FIG. 12 shows that the first write is ata

slightly higher potential than the second write (i.e., about 0.2 V. compared to about 0.17

V, respectively). This is because the first write conditions the device in accordance with

the processing shown at FIG. 10 by forming a conducting channel 30, which remains
intact after this first write. The second write requires less voltage because the stable
conducting channel 30 is already formed by the conditioning write and the conductive
pathway 32 is formed more easily. Application of these write voltages programs the

device to a non-volatile higher conductivity, lower resistivity, memory state. These
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peri pheral devices such as a floppy disk drive 454 and
a conpact disc (CD) ROM drive 456, which also
woamsaszsiat e with CPU 444 over the bus 452. MeROTAUS2006/020242

circuit 448 is preferably constructed as an integrated

circuit, which includes one or nore resistancevari able

menory devices, e.g., device 100. If desired, the

g?nnry circuit 448 may be conbined with the processor,
observeldasrogxanplia g GRidaddders utiliairgy o ghacogdrdde glad layerdgiselected in

[8%8%] The gbove descript?%% and J?ggﬂngi shgtld only

be caqnsidered illustrative of exepplary enbodi nents
accordapia WL RS epHigns Qf’vuf:hég %@S@ﬁfﬁ(ﬂ%ﬁgé@og a3 gl as When
i nvention. Mdification and substitutions to specific

GeuSealh 9668 §is BN HliakE BRSRAHE. Struct ures can be made wi t hout
departing fromthe spirit and scope of the invention.

Accordingly, the invention is not to be considered, as
[0053] bei nghe srpbeROktiEhorpieges hyviaesey Aprssnchalgogenide glass
drawi ngs, but is only limted by the scope of the

i . o 1 . 1 e
oer (cHPRROGERY O AminONT) Al ) et e e ol

‘United States is:CLAIM5 1. A nethod of forming a .
curve ismotshpwiein EKG. 0o pmieyiendhe praseipotenfiad is abayt 'gloéc\’rr‘@béfh

and a second el ectrode; providing a netal -chal cogeni de

re’curnslgﬁ% @IE RELYSEN S b1 Bfggnle? Péjs_lsggﬁ&lr) @ov@l&ﬁ@éﬂ&ﬁj&ﬁigfi yemory state.

glng a gernmani um uri gl ass between s
first and second el ectrodes and in contact with said
[0054] net alEIchaB dihgetnatee altgpieal processor system 400 which includes a

memory circuit 448, e.g., a PCRAM device, which employs resistance variable memory
devices (e.g., devices 100 and 101) fabricated in accordance with an embodiment the
invention. A processor system, such as a computer system, generally comprises a
central processing unit (CPU) 444, such as a 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 over bus 452 typically through a memory controller.

[0055] 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 one or more resistance
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2. The method of claim1l1l, wherein said
nmet al - chal cogeni de | ayer is between sai d chal cogeni de
wglemgiztsaager and sai d second el ectrode. 3. ThePoEUSE@6/020242
of claim1, wherein said netal -chal cogeni de | ayer
conprises silver selenide. 4. The nethod of claim1,
wherei n said netal -chal cogeni de | ayer conprises tin
- selenide, 5. The nethod of claim4 further conprising
variablepmematiyrdg vacasee gl deg&p@rlqgetlf,\é@ﬂr%m memory circuit 448 may be
net al - chal cogeni de | ayer and said second el ectrode. 6.
combing R IE P R e Aol X ap I CRI L5 R aFEl: S Rtel gireutt
conprising providing a first chal cogenide glass |ayer
[0056] bet wekdre amive destriptiohaindodramiitgs slagdd cndyl beaotisistered

| ayer. 8. The nethod of claim9, further conprising

v N

met hod of claim11, wherein said germaniumtelluride
inventibiy Modifisatéorshnd etibstitetions td spenifiapfecedecanditionslaadetiuctures
is about 44 to about 53. 10. The nethod of claim1l,

wher ei.n sai er.mani umitel luride | ayer has.a ..
can be Bgr SreIo ISFAFBR AH tessBltanecoaf BSindentigu 46

to about 51. 11. The nethod of claimllwherein said
Accord P UiV e dritsi i tb dpalonbideréd as being limited by the foregoing
description and drawings, but is only limited by the scope of the appended claims.

[0057] What is claimed as new and desired to be protected by Letters Patent of

the United States is:
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stoichionetric formul a GexTei oo-x, where x is about
47. 12. A nmethod of formng a nenory cell, conprising:
woaoowiaegia first el ectrode over a substrate; f®CWUS08/020242
menory body over said first el ectrode, said nenory
body conprising a germaniumtelluride glass |ayer and
a tin selenide layer; form ng a chal cogeni de gl ass
| ayer over said nenory body; formng a
silver-containing | ayer @uAIMERi d chal cogeni de gl ass
| ayer; form ng an adhesion |ayer over said
silver-containing layer; and form ng a second
L. e écietied o ENTAB @ TREMOLY 68VICRyIMPEISINBRe et hod of
claim 12, wherein said germaniumtelluride glass |ayer
has a stpj.chi g %ric rmul.a GexT where x is

f i PO- X,
AbouP MBS AU} clesode and g serand slECHPUg] ai m 12,

wherein said germaniumtelluride glass | ayer has a

o aibbtt B 255 RTHRoEAR A entgh Sl 5 AR kcdif

ger mani ride glass |layer has a stoichionetric
formul a%@é%t(ﬁéilego-c, where x is about 47. 16. The
nmet hod of claim 12, wherein said germaniumtelluride

9l as$Hrbd¥fihg a germanium telluride glass between said first and
second electrodes and in contact with said metal-chalcogenide

layer.

2. The method of claim 1, wherein said metal-chalcogenide layer is

between said chalcogenide glass layer and said second electrode.

3. The method of claim 1, wherein said metal-chalcogenide layer

comprises silver selenide.

4. The method of claim 1, wherein said metal-chalcogenide layer

comprises tin selenide.

5. The method of claim 4, further comprising providing a metal layer

between said metal-chalcogenide layer and said second electrode.
6. The method of claim 5, wherein said metal layer comprises silver.

7. The method of claim 5, further comprising providing a first
chalcogenide glass layer between said metal-chalcogenide layer

and said metal layer.



is in contact with said first electrode. 17. The
nmet hod of claim 12, wherein the various |ayers of said

woeowyg281el | are arranged vertically. 18. The merhse006/020242

10.

11.

12,

claim12, wherein said chal cogenide glass |ayer is 19.
The method of claim 12, wherein said adhesion |ayer is
Ge2Se3. 20. A nethod of formng a nenory cell,
conprising providing a substrate; formng a first

. t UNigstresihedl o€ tladwed, fuethesainmipysipgt pravedingor seconda

germaniumtel luride layer over said first tungsten

el ecthaldegeniderghass laperbefweemaridrnetsl layardad wjé peqpnsl
a stoichionetric formula GexTei 00-x, X being between
abouelegtrogded about 53;forming a tin selenide |ayer
over said germaniumtelluride [ayer; formng a first

er mani | eni de. | , id t] | eni de | :
PG PRy tRod O G b B4 56T 2B LR o Pes

ger mani_.um sel eni.de | ayer; form.ng a.segon r ani

Sel eRfeigveRTcdoaru B e Tepty S0 it ﬁ\g%{i $EfpLAEOUESS
formng a second tungsten el ectrode over said second
9 RE Methbd of claim 1, wherein said germanium telluride layer has a

stoichiometric formula GexTeiox, where x is about 46 to about 51.

The method of claim 1, wherein said germanium telluride layer has a

stoichiometric formula GexTenx, where x is about 47.
A method of forming a memory cell, comprising:
forming a first electrode over a substrate;

forming a memory body over said first electrode, said memory
body comprising a germanium telluride glass layer and a tin

selenide layer;
forming a chalcogenide glass layer over said memory body;

forming a silver-containing layer over said chalcogenide glass

layer;
forming an adhesion layer over said silver-containing layer; and

forming a second electrode over said adhesion layer.
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sel enide layer; and form ng a conducting channel in

said germaniumtel luride layer. 21. A nenory device,
woanridsiBg: a first el ectrode; a second el ect POUAIS2@6/020242

menory el ement between said first and said second

el ectrodes, said nenory el enent conprising a gernmani um

telluride |layer and a netal -chal cogeni de | ayer between

said germaniumtelluride |ayer and said second

13. €l BRé hrdRed 32 clafhel 2rerryindaid germénithaietltide glass biyer
said germaniumtelluride |ayer has a stoichionetric
f or Mg a Gesidleionmetyic folank Geilewahodierd & is abatibdd to about
53.23. The nenory device of claim?21l, wherein said
germdfi umtelluride [ayer has a stoichionetric formula
GexTei 00-x, where x is about 46 to about 51. 24. The
menory device of claim21, wherein said germani um

14. t eThemethod of claimak?, avhareintid germapivep telHmde glass layer
GexTei oo-c,, where x is about 47. 25. The nenory device
of clhasmspaichfometrieforprpt Ceylisya WRRTEUCE @ueﬁémbout
Wi thin said germaniumtelluride |ayer, said conducting
chanmdi conpri sing said netal -chal cogeni de materi al .

15. The method of claim 12, wherein said germanium telluride glass layer

has a stoichiometric formula GexTeiwox, where x is about 47.

16.  The method of claim 12, wherein said germanium telluride glass layer

is in contact with said first electrode.

17.  The method of claim 12, wherein the various layers of said memory

cell are arranged vertically.

18.  The method of claim 12, wherein said chalcogenide glass layer is

GeaSes.
19. The method of claim 12, wherein said adhesion layer is GezSes.
20. A method of forming a memory cell, comprising

providing a substrate;

forming a first tungsten electrode over said substrate;

forming a germanium telluride layer over said first tungsten
electrode, wherein said germanium telluride layer has a
stoichiometric formula GexTewox, x being between about 44 and

about 53;
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wohaeosnsgizsai d conducti ve pat hway bei ng provi dedTmisene/020242

21.

22,

26. The nmenory device of claim?25, further conprising
a conductive pathway associated with said conducting

said nmenory device is programred to a first nmenory
state. 27. The nenory device of claim2l, wherein said
nmet al - chal cogeni de material conprises tin sel enide.
28. The nenory device of claim 21, further conprising
a mefaimingyeetin belenisierayen everseid germirioge lbridelpyer;
and sai d second el ectrode. 29. The nmenory device of
claim 28, further conprising a chal cogenide g

| ay eFonmRIngeekirss SEEMARIVAN SERRIdCIgBaY o SR FInge fprade
nmetal layer. 30. The nenory device of claim 29,
further'@®8kprising a second chal cogeni de gl ass | ayer
bet ween sai d net al Iayer and sai d second el ectrode. 31.
The .claim 21, whet [ 20 Y
dovi EEb oG oR i ReY e ow R bR )
cell, gqg Cf]-? .a flrst el ectrode over a substrate;
a germ FuhtefYuri de | ayer over said first el ectrode;
a tin selenide |ayer over said germaniumtelluride

! aY€forming a second germanium selenide layer over said silver-

containing layer;

forming a second tungsten electrode over said second germanium

selenide layer; and
forming a conducting channel in said germanium telluride layer.
A memory device, comprising:
a first electrode;
a second electrode;

a memory element between said first and said second electrodes,
said memory element comprising a germanium telluride layer
and a metal-chalcogenide layer between said germanium

 telluride layer and said second electrode.

The memory device of claim 21, wherein said germanium telluride
layer has a stoichiometric formula GexTeoox, where x is about 44 to

about 53.
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a first germani um sel enide | ayer over said tin
sel eni de layer; a silver-containing |ayer over said

woOi2omt13ggas mani um sel eni de | ayer; a second ger MROTAISR006/020242

23.

24.

25.

26.

27.

28.

29.

30.

sel eni de | ayer over said silver-containing |ayer; and
a second el ectrode over said second germani um sel eni de
| ayer. 33. The nenory cell of claim 32, wherein said
germaniumtel luride | ayer has a stoichionetric formula
CerHehmonony dddceokclaisn abowherbin saidagrrntari8m Blluritiee
menory ceII of claim 32, wherein said gernmani um
tel | layiedénals a;eémchmestrlstfolrmhla(ﬁﬁt'ﬂew@x,fvdflfrmlxals about 46 to
GecTei 00-x, where x is about 46 to about 51. 35. The
nenoaboub5l of claim 32, wherein said germani um
telluride [ayer has a stoichionetric formula
GexTei 00-x, where x is about 47.36,, The nenor ceki of
|”£h¢rrr@znomde‘fié¢ ot gan 24 %l%ﬂ& 6%%%%%?9“18%%%1@1 e

e SR LA o L 5% B

37 The nenory cell of clai m 36, further conprising a

cnufh e GaP g ViR RR0 2 kel PRy R PR,
Sa' d cﬁgﬂﬁélywﬂﬁ}ﬂ §4id 'g%nﬂ%ﬁﬂﬁﬁ%?n&@ la%lefr' 38 ORIRéhg

channel comprising said metal-chalcogenide material.

The memory device of claim 25, further comprising a conductive
pathway associated with said conducting channel, said conductive
pathway being provided when said memory device is

programmed to a first memory state.

The memory device of claim 21, wherein said metal-chalcogenide

material comprises tin selenide.

The memory device of claim 21, further comprising a metal layer

between said metal-chalcogenide layer and said second electrode.

The memory device of claim 28, further comprising a chalcogenide
glass layer between said metal-chalcogenide layer and said metal

layer.

The memory device of claim 29, further comprising a second
chalcogenide glass layer between said metal layer and said second

electrode.
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38. The nenory cell of claim32, wherein said first
and second germani um sel eni de | ayers conprise Ge2Se3.

wO2osfikzs1BeNDry cell of claim 32, wherein sai dPCaUSE®6/020242
making u p said cell are stacked vertically. 40. The
menory cell of claim 32, wherein said |ayers making up
said cell are in contact with one another. 41. A PCRAM
menory cell, conprising: a substrate; a first tungsten

31. el Ehe noaheovéevisabficlairh iy wherein sgist menieny desiiceisipet of
| ayer over said first tungsten el ectrode, wherein said
ger narpneaedsser Bystede | ayer has a stoichionetric formula
GexTei 00-x, X being between about 44 and about 53; a
tin selenide_| ayer over said germaniumtelluride

32. | apamempry icelt CHBPHEMBM sel eni de | ayer over said tin
sel eni de | ayer;a silver-containing | ayer over said '

first germani um sel eni de | ayer; a second germani um
seleﬁﬁg@{$@9593%9¥?r%5&@“§$¥Ver-containing | ayer; a
second tungsten el ectrode over said second germani um
sel eni de | ayer ; ' iyn. sai d
ger n&rﬁ%ﬁlrrﬁ ?ﬁnutreﬁggd?é%;gér}%%¥ A fﬁ%@@ﬁ@lroﬁ@,

a tin selenide layer over said germanium telluride layer;

a first germanium selenide layer over said tin selenide layer;

a silver-containing layer over said first germanium selenide layer;

a second germanium selenide layer over said silver-containing

layer; and
a second electrode over said second germanium selenide layer.

33. The memory cell of claim 32, wherein said germanium telluride layer

has a stoichiometric formula GexTeinx, where x is about 44 to about

53.

34. The memory cell of claim 32, wherein said germanium telluride layer
has a stoichiometric formula GexTeiox, where x is about 46 to about

51. ' ‘.

35. The memory cell of claim 32, wherein said germanium telluride layer

has a stoichiometric formula GexTein-~, where x is about 47.
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42. A processor system conprising: a processor and a

menory device; wherein said nenory device conprises: a
woizomt13ediect r ode; a second el ectrode; a nmenoryPeirAISRV6/020242

between said first and said second el ectrodes, said

menory el ement conprising a germaniumtel luride | ayer

and a netal - chal cogeni de | ayer between sai d ger mani um

telluride layer and said second el ectrode. 43. The

36. pr The ssanosy<tlboh ddint B2 furder conprising s gbddygeting chamnel
telluride layer has a stoichionetric formula
Gex Tevitbingaidvgermanxiving telbyide lpyer, saiheendsdingichanmigh
processor system of claim42, wherein said gernmani um
t el | wojerising spidgnetpdichalepgenideqasiesialnas a
stoichionetric formul a GexTei oo-x, where x is about 46
to_about 51.4 The processor system of claim.42,

37. whdre i%e@ﬁﬁﬁcegls?ﬁ'ﬁﬁﬁ’ir% A IR CREATL RS a&PnaHrF%V?Tem)r y
device has a stoichionetric fo | a GexTel 00-X er.e
=1 s Tashtey arso e it sriskerehitngeratngy Setiontistte
further, conprising a.conductin ithin said
gor Y ST PSS NG} 8 rARRE e v B

‘programmed to a first memory state.

38. The memory cell of claim 32, wherein said first and second

germanium selenide layers comprise GezSes.

39. The memory cell of claim 32, wherein said layers making up said cell

are stacked vertically.

40. The memory cell of claim 32, wherein said layers making up said cell

are in contact with one another. .
41. A PCRAM memory cell, comprising:
a substrate;
a first tungsten electrode over said substrate;

a germanium telluride layer over said first tungsten electrode,
wherein said germanium telluride layer has a stoichiometric

formula GexTein, x being between about 44 and about 53;
a tin selenide layer over said germanium telluride layer;

a first germanium selenide layer over said tin selenide layer;
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devi ce, said conducting channel conprising said

net al chal cogeni de material. 47. The processor system
wohomlaears 42, further conprising a conductive parhisanne/020242

associ ated wi th said conducting channel, said

conductive pathway being provi ded when said nenory

device is progranmmed to a first nenory state. 48. The

processor system of claim42, wherein said

met ala-silvek-cogerning laparerieaisaick fixssigdrmenimy selenidslayer;

conprises tin selenide. 49. The processor system of

claim42, further conprising a netal |ayer between

sai d araecand geameniyen selenidelayenpiersaid st eipepntaining

el ectrode of said nenory device. 50. The processor

systen1é$Y%¢ain149, further conprising a chal cogenide

gl ass | ayer between said netal -chal cogeni de | ayer and

said netal .l ayer, of, said nmenory .device. 51. The .

ot ocacespnd i EreS et farln oxer g rerene semprnli gelgnide

second ﬁhalco%gnide gl ass | ayer between said netal

| ayer a ¥<aft®second el ectrode of said menory devi ce.

a conducting channel in said germanium telluride layer.
42. A processor system, comprising:

a processor and a memory device; wherein said memory device

comprises:
a first electrode;
a second electrode;

a memory element between said first and said second
electrodes, said memory element comprising a germanium
telluride layer and a metal-chalcogenide layer between said

germanium telluride layer and said second electrode.

43.  The processor system of claim 42, wherein said germanium telluride
layer has a stoichiometric formula GexTeon, where x is about 44 to

about 53.

44.  The processor system of claim 42, wherein said germanium telluride
layer of said memory device has a stoichiometric formula GexTe1o-x,

where x is about 46 to about 51.
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45.

46.

47.

48.

49.

50.

51.

The processor system of claim 42, wherein said germanium telluride
layer of said memory device has a stoichiometric formula GexTe1oo,

where x is about 47.

The processor system of claim 42, further comprising a conducting
channel within said germanium telluride layer of said memory
device, said conducting channel comprising said metal-

chalcogenide material.

The processor system of claim 42, further comprising a conductive
pathway associated with said conducting channel, said conductive
pathway being provided when said memory device is

programmed to a first memory state.

The processor system of claim 42, wherein said metal-chalcogenide

material of said memory device comprises tin selenide.

The processor system of claim 42, further comprising a metal layer
between said metal-chalcogenide layer and said second electrode

of said memory device.

The processor system of claim 49, further comprising a chalcogenide
glass layer between said metal-chalcogenide layer and said metal

layer of said memory device.

The processor system of claim 50, further comprising a second
chalcogenide glass layer between said metal layer and said second

electrode of said memory device.
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