VARI ABLE RESI STANCE MEMORY DEVI CE W TH AN | NTERFACI AL

ADHESI ON HEATI NG LAYER, SYSTEMS USI NG THE SAME AND
WOBIBIDDS9OOF FORM NG THE SAME FI ELD OF THE | NVEMTT/OB2008/059725

[0001] Enbodinents of the inventi on relate to

sem conductor devi ces and, Bié%i cular,. to_variable

' e¥A&Iéch1eE %ﬁﬁm@%ﬁl\é% ICEWIEH AdY WEERFMIAL
OF THE | NVENTI ON [ 0002]. Non-vol
AP@IE)SKBS P&EMUQQ LAYER PYGL EMS LN (T EHE SAME AND METHODS
ability to maintain data absent a power supply. One

class of variable r O EQBRNHINGaRE SAMEf or use in

non-vol atile nenory cells are phase change materi al s,
such as chal cogeni de al |l oys, which are capabl e of
stably transitioni KiEIIBtNedFHEBMNVENIIONNd crystalline
phases. Each phase exhibits a particular resi stance

[0001@t atiﬁn%qirﬁé%s Bﬂ%iefiﬁ gérﬁkb @H&téﬂd&ii%eé

al ues a nenory e mant OI‘ ne such materi

partl%aﬂ’ SCHS LG res?s'@argdr%gﬁ@amghis R |ne s %ﬁoqu frfgirfiﬁi t?1|e3§ame

h™resistance e ex
reI atively low resistance. [0003] A conventi onal

variable resis [ ase change
rrermry el enent %%%ﬁgﬁﬁ}@ %W@E@Oﬂ and | B,
and often has a | ayer of phase change material 8
[0002het Méeirvplatide memprissean tiseflibgoragealevives duetnshdir ity to
el ectrode 2 is arranged within a dielectric materi al

maingin date ghsenta pereysinply eOngiclss pf vamable vesistpace meterials for use
) resi stance state accordi ng to the amount of current
in norxpyplatdememanyanlls hee fhass chamgk meteoiads, elidras dudeogenide alloys,
To obtain an anorphous state (FIG 1B), a relatively
whicthargrcapable of stably transitioning between amorp ous and crystalline phases.
Each phase exhibits a particular resistance state and the resistance states distinguish the
logic values of a memory element formed with such materials. Specifically, an
amorphous state exhibits a relatively high resistance, and a crystalline state exhibits a

relatively low resistance.

[0003] A conventional variable resistance memory implemented as phase change
memory element 1, is illustrated in FIGS. 1A and 1B, and often has a layer of phase
change material 8 between first and second electrodes 2, 4. The first electrode 2 is
arranged within a dielectric material 6. The phase change material 8 is set to a
particular resistance state according to the amount of current applied between the first
and second electrodes 2, 4. To obtain an amorphous state (FIG. 1B), a relatively high
write current pulse (a RESET pulse) is applied for a first period of time through the
phase change memory element 1 to melt at least a portion 9 of the phase change
material 8 covering the first electrode 2. The current is removed and the phase change

material 8 cools rapidly to a temperature below the crystallization temperature, which

1
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wite current pulse (a RESET pulse) is applied for a
first period of tinme through the phase change nenory
web@srsms9l to melt at | east a portion 9 of theP@ITESM08/059725
change naterial 8 covering the first electrode 2. The
current is renoved and the phase change naterial 8
results dotise pafios $/of the phaemgergeunaetiel Hopvenimg the first electrode 2
crystallization tenperature, whichresults in the
havingdhe iagrphofis sthie. phagsaintamyetabtatesstatal(FE>.ddv)ea iovgert harent
first electrode 2 having the anorphous state. To
writephiss (2 SETopylse)ds hppkedstoathe phab&chadnie membopelenent i éot a second
wite pulse (a SET pulse) is applied to the phase
period étigee (rgpioaly Ereeeirt ddration thas deofiigt period of dinet dmkethe
(typically longer in duration than the first period of
crystallizaticmiiimieoé tioe yebspioizgihiase chanpge métetiad tateaptheusnorphous
phase change naterial) to heat the anorphous portion 9
portidro9 o h eempeatuedelal ohg/mdélEngeloin tngutdiove itshuy stalliowgon
its crystallization tenperature. This causes the
tempeamaiieh Jhés @astd e an@phbhe ppitased ohthegrhasatleangdd material 8 to re-
recrystallize to the crystalline state that is

crystdlhzéortheedy RaltAe bhge tak (SRbintSinte BRYEthea@rdes RMSRd and the
change menory elenment 1 is cool ed. The phase change

phasém‘ﬁﬁﬁﬂgﬁ nf OB dlethehf1 {RRQ1RY FHRDDNASE gh@l%@@n@m\(ﬂ lef9fent 1 is read
ic

does not change the phase state of the phase

o eEIRNS A ke RNLOTRn Riaahts HEDIRM e Pttt cungo
mate§ilrg ent density may be required to provide sufficient
power to nelt the phase change nmaterial. A large
current density nmay cause undesired el ectro-mgration

cu ! y g
[0004] @M%@vw%@ﬁhﬁgﬁ{}gg{;ﬁ%&%ﬁ%@ cﬁﬁﬁ%ﬁﬁﬁg&% laf¥t RESET

I n the phase change I onal

curre ﬁ@%?;bm r ifé&o%r@%ﬁie%ﬁ?ﬁ‘&&ﬂ@ﬁéﬂ B'maeth l'i‘ali%ﬁ change

 ayers”ma duce l'ong termreliability 1ssu

e . . .
mateﬁr{llE PPD%?&%? @é&%ﬂéﬁﬁ%&/y &hBI%RHesi R SE-tHRERE 0N Ghductive
material and may cause phase separation in the phase change material. Additionally,
weak adhesion between the phase change material and other layers may introduce long

term reliability issues in the phase change memory element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005]  FIGS. 1A and 1B illustrate a conventional phase change memory element.

[0006]  FIG. 2 illustrates a partial cross-sectional view of a phase change memory

element according to an embodiment of the invention.

[0007]  FIG. 3A-3C illustrate partial cross-sectional views depicting a method of

fabricating the phase change memory element of FIG. 2.
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[0005] FIGS. IA and IBillustrate a conventional phase
change nenory elenent. [0006] FIG 2 illustrates a
WE200Bi1#159%r oss- secti onal view of a phase changeCTEf®NG/059725
el emant according to an enbodi ment of the invention.
FI G 3A-3Cillustrate partial cross-sectional

[0008Jb| e\kB déix e blogly diagretmawvoingrasleciagy stere iphlesk diagram form
change nenory eI enent of FIG 2.[0008] FIG 4 is a -
accordingcio aniesagpachof tbevinvgnianel ectroni ¢ systemin bl ock
di agram form according to one aspect of the invention.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON thOQ In the
fol | owi ng dBEBAIIID dHSSCRPETION QRAEE: INe to

vari ous enbodi nents. These enbodi nents are descri bed

[0009M t Nn$Ké fdlfhveR g dbediRid dés@rigﬁéf?' 18fdrEQ®s dddel t8Fakidut he

art to practice them to be understood that

embo@ifehtse 'T‘Pt‘é&’é f?ﬁ%ém’?@%s B &é@hﬁéf& %1tlﬁ§iﬁf1h|§ﬁ¥ dé’t%ﬂ't@ Bfable those

structural ogl cal and el ectrical changes may be

skille @he 499 EQACU-EQ hdif! WMis 84'PS hﬁé&l%toddﬁl?ﬁt bthek Bfbodiments may

I'ow ng description may Include any supporting

be en@% lé%ﬁ thael 4 Jégstrl{&ﬁrag q{)glhélrgnﬁege&ﬂcal%gan%%s may be made.

uct or substr as an expose
surface. A sem conductor substrate should be

(0010} 1951 @A A 8eliaabiee P 62ordly GR0ABIA AR ALAe any
supp%fﬁ'ﬂg %ﬂﬁ%ﬁe%&udﬁr%%ﬁi‘h@# hﬁf'f'%arté aogen‘cl‘l'c dﬁ&t?ﬂo?ﬁ?o%ﬁrﬂee%at has

ase sem Co ctor oundati’on,

on o BEGRIHSH osrur?atg%ﬁg&:éé%ﬁ%ncli@ﬁl)yﬂiﬂg&%%%%l@g fbrstood to

em con or s han si1icon erence
inclu g Fgtd ol GBEF RREHSRE SOOIy Slpal o0k %%fd@&le
undopf S%&gcg'n'éé‘ﬁa%es%%mfew%} Bl 3#8?}?%%5%&3%%”%%? gtgiconductor
founc@qﬁxﬁﬁogﬁg g)fﬁ]q%%?{?\%é)%%mcgor LS rres,?frgll uging bsd R aRDE MY
semiconductors other than silicon. 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 also 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.

[0011]  Asdiscussed above, variable resistance memory devices that include phase
change memory elements use the self-heating of phase change material to induce phase
change between amorphous and crystalline states. Due to the low resistivity of
crystalline phase change material, a large RESET current density may be required to

provide sufficient power to melt the phase change material. A large current density
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sui table for supporting an integrated circuit,
i ncluding, but not limted to, netals, alloys,
wWQ@b@ss€rs9s pol yners, ceram cs, and any ot her suppDUS$100€059725

materials as is known in the art. [001 1] As discussed
above, variable resistance nenpory devices that include

may ghisedinslesiige elasiorpigrbap m conditive enaterial arshmaigavse phase
phase change material to induce phase change between

separgtiongndhe phase dapge materal. siddisonaltyiaveak ac&@sm/between the
resistivity of crystalline phase change material, a

phas¢ ghayegcRESETIad and etierd ayess nyaynimyrogeice g teen rebalpligyissiges in the
sufficient power to nmelt the phase change material. A

phase ghapegecmemeny ethenasitt Yhgh teapsmturedyslingdnd heat-induced volume
electro-mgration in conductive material and nmay cause

changhag@ stregranay ievacerbateliee ptrddemchange materi al .
Addi tionally, weak adhesi on between the phase change
mat eri al and other layers may introduce |ong term

[0012 el i Bivibodimentsslisdosed heneingirasi echpltgye chrenge sneeieyetevice that
Hi gh tenperature cycling and heat-i nduced vol une

includhaay éntarfdcial adissioralyeatingday dredreariged hetwbérean e[ed8dag and the
Enbodi nent s di scl osed herein provide a phase change

phaserehaige mletdraé Thainteriadisidathesion liading dgyalimadbess e adhesion
heating | ayer arranged between an el ectrode and the

betwphraa eiclbarigéayrtaedithb phasecHanpe maetial anaddles s@Rres as a localized
heating | ayer inproves the adhesi on between a

heatiﬂF eleeféritito pravide adddtidhe h@&@ﬁgt@ﬂ@@ﬂﬁs@%zﬁ{%&haﬁ:@ﬁl to aid in its
also serves as a localized heating el enent to provide

own 8élfhbh@nal Thead ditignhPhdatie &h& hBE8Ci AR Elds@In Retidigdayer can
inits ow self-heating. The additional heating from

reduéd el RESHT @grat rdties k@md&@?h@geh&w%@ mgofeeﬂ‘ﬂéﬁ%frﬂﬁtimes,
e phase

RESET current needed to indu e by nore

whild RainthiHifg % cteivmas)lff/m rd@sthmdathafib mlwggr e RO hich is

resistance ratio |larger than one hundred, which is

desirgisisi %@'c@-v_iﬁéhﬂf/@ﬁ‘féﬁﬁaﬂéé‘ 7a6ib reR$s &} @@qstf-.iafs F IR 8k RRe in the off

to the ratio of the resistance in the o

state, in which a portion of the phase change material is in an amorphous state to the
resistance in the on state, in which the phase change material is in a crystalline state. By
reducing the RESET current density, undesired electro-migration in conductive material
and phase separation in the resistance variable material may be avoided. Furthermore,
a heat sink effect may be alleviated due to lower thermal conductivity of the interfacial

adhesion heating layer.

[0013]  Embodiments are now explained with reference to the figures, in which like
reference numbers indicate like features. FIG. 2 illustrates a partial cross-sectional view
of a phase change memory element 10 constructed in accordance with an embodiment

of the invention. The memory element 10 may store at least one bit, i.e., logic 1 or 0.
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state, in which a portion of the phase change materi al
is in an anorphous state to the resistance in the on
wG@r@Ba4759:1 whi ch the phase change material i s PEI/ES2008/059725
crystalline state. By reduci ng the RESET current
density, undesired electro-mgration in conductive, '
[0014}at ekhememedy gleasentd@pasurnaied by @ Rabsteip 2D adclirst dielectric layer
variable material may be avoided. Furthernore, a heat
22 is ariramgest o the subptipte ), padiadiretcanduictive msfiedrlay ¢reloniglarranged
conductivity of the interfacial adhesion heating
within dhe firstjdieledtickmprdizmdie soadectinamebaplayienda myyt e formed of any
reference to the figures, in which Iike reference
suitablarbeductivednaterial | sukk a tanivesnitide(TiN)j litanstmeatlemizum-nitride
partial cross-sectional view of a phase change nenory
(TiAIN) eitenturtGungsten (TidV p ghlatinuae (o) oatiwegsidrt (Warmong others. The
enbodi ment of the invention. The nmenory el enment 10 nay
thicksessro the corebstivemeetbl kayer 1%emay vagy.cinlorererobddipietit, fhine
menory el enent 10 is supported by a substrate 20. A
condidtivet mdted layet A5 endyalyeabR2 1080 Arthadkged on the substrate
20, and a first conductive netal |ayer 15 is arranged
within the first dielectric |ayer 22. The conductive
[0015iret aA sbayel didkectriylaber 2ismerhngbd anyths firdtabitlectric layer 22 and a
conductive material, such as titaniumnitride (TiN),
bottoir éleairode 22 1snir di withidethé Sedink) dielettrivlayen 24urigst gsttom
(Tiw, platinum (Pt) or tungsten (W, anong others.
electrbde 12hekbe firnwid dfdycumdbiidoneudBi@ak@yy sukh agay
vary. In one enbodi mént, the conductive netal |ayer 15
titaniTB¥-niReidaliPiN), H8RRuA-A1ahaKumt 048 (AAIRY, afttndingb@etstere (TiW),
| ayer 24 is arranged on the first dielectric |ayer 22

platiraifl (Bg@_ttﬁﬁg@t&h e r GA6end 8tHess. articnaesm MedchiodetlDenay be scaled
second dieléctric |layer 24. The bottom el ectrode 12

dowrBYsiketd RIdTRE 1ef rediiired 'rb%ghﬁbnﬁ%r@n%ﬂty TherhRkhéses of the

such as titaniumnitride i | _ _
variatgle_t@ﬁstaﬁt@Mmmna rt 181 6kl th it Dlectrbdd 2D MHP A15BSE@MNed down

TiW, platinum (Pt) or tungsten (W, anong others.
in siz& & c@ﬁEﬁﬁHﬂcﬁi'n%‘fier Rd8e bAtBRYelb&r&Fd 2dIn one embodiment, the bottom
electrode 12 may be a plug bottom electrode and may be about 700 A in height and may
have a diameter of about 400 A or less. In other embodiments, the bottom electrode 12

may be a different type of electrode, such as an annular ring electrode or a liner

electrode.

[0016] A third dielectric layer 26 is arranged on the second dielectric layer 24. An
interfacial adhesion heating layer 13 is arranged on the bottom electrode 12 and the
second dielectric layer 24 within an opening 36 in the third dielectric layer 26. The
interfacial adhesion heating layer 13 may be formed of a material that will improve
adhesion between a variable resistance material layer 18 and the secénd dielectric layer
24 and/or will provide resistivity sufficient to provide a localized heating effect, such as

N-rich TaN, N-rich TiAIN, AIPdRe, HfTes, TiNiSn, PBTe, Bi.Tes, Al203, A-C, TiOxNy,

5
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down in size to reduce the required progranm ng
current. The thicknesses of the variable resistance
woredosniabs | ayer 18 and the top el ectrode 14 nmeRCHUSWO$E59725
scal ed down in size to correspond in size to the
bottom el ectrode 12. In one enbodi ment, the bottom
TiALElevxder TIOnamnong cthetsudN-pishtloi islTadtx; vderands lagerdban 1.
about 700 A in height and may have a di aneter of about
N-rich@xMcan b¢ exsgted by vicheasirgbedlave mts of Naén pooparhion to the flow
el ectrode 12 may be a different type of el ectrode,
rate of Vahdwigngilabipuitteringi Ndneatadiot ofodin ‘BaNamdyrer varied according to
el ectrode. [0016] A third dielectric layer 26 is
the applicutipadeqniretment ef daged amloaat of b ihdiadfx @4ultain a higher
interfacial adhesion heating |layer 13 is arranged on
resistivity. bi¥ttidnT il 1dkis (ToAEN L, 2vhers % indarger tivach 1di e4réadt TiAdN can be
| ayer 24 within an opening 36 in the third dielectric
prodticadein 2fanfibesiimlaetd &&iiah Tabhesi on heating | ayer 13
may be formed of a material that will inprove adhesion
bet ween a vari abl e resistance nmaterial |ayer 18 and
[0017) he dacweentb@iirent,ithe tidyletess 6f dredhearfasdl bdhesivh Heating layer 13
resistivity sufficient to provide a |ocalized heating
may eirfgebetweetchb@g S 1to abodiedd AN abthét Ainbod Ah&ERehe thickness of
Hf Te5, Ti Ni Sn, PBTe, Bi 2Te3, Al 203, A-C, Ti &N
the intdifAHxIQdheSioRatior 133 rﬂﬁ@ftﬂlgﬁ_tﬁéwvéen Mt Aedabsut 50 A.
TaNx, where x is |arger than 1. rich TaN can be
created by increasing the flow rate of N2in proportion

[0018] 0 tA&akiaBW fedib@neé miitedallh _1@@Naﬁﬁﬂ$é@6ﬁ % inf&®acial adhesion
value of x in TaNx nay be varied according to the

heatif® Myle# a8 A Fhih GHebp SRR B6 1A thEIBRT dRISHA 1a?£r 2.1 thatustrated
results in a higher resistivity. Nrich TTAINis

embollimVeN thakg gh1¥ rés?sthﬁée&ﬁhtetrﬁ@[hg@r 18454 &{hléag@i[im&%ﬁte?%l, such

produced in a manner simlar to N-rich TaN™ [001
as, foPBgarRPRO géﬁﬁé}ﬁunt&etiﬁﬁhgl‘{@%d&fGézS&Tbm.aTh@'phase change

adhesi on"heating layer 13 may range between about 5 A
matefifls@BRUlsoHe dt indldRRehdIGShaBE PRI JBER hter RS I EK RS Sn Bk,
Sb2Te3, GaSb, InSb, As-Te, Al-Te, GeTe, Te-Ge-As, In-Sb-Te, Te-Sn-Se, Ge-Se-Ga, Bi-Se-
Sb, Ga-Se-Te, Sn-Sb-Te, In-Sb-Ge, Te-Ge-Sb-S, Te-Ge-Sn-O, Te-Ge-Sn-Au, Pd-Te-Ge-Sn,
In-Se-Ti-Co, Ge-Sb-Te-Pd, Ge-Sb-Te-Co, Sb-Te-Bi-Se, Ag-In-Sb-Te, Ge-Sb-Se-Te, Ge-Sn-
Sb-Te, Ge-Te-5n-Ni, Ge-Te-5n-Pd, and Ge-Te-Sn-Pt. FIG. 2 shows the phase change
memory element 10 in a state in which the variable resistance material layer 18 has a
portion 19 that is in the amorphous state, while the rest of the variable resistance

material layer 18 is in the crystalline state. In one embodiment, the variable resistance

material layer 18 may be about 800 A thick.

[0019] A top electrode 14 is arranged on the variable resistance material layer 18
within the opening 36 in the third dielectric layer 26. The top electrode 14 may be

formed of any suitable conductive material, such as titanium-nitride (TiN),
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the interfacial adhesion heating |layer 13 may range
bet ween about 20 A to about 50 A. [0018] A variable
w0 e®s3s@nte material |layer 18 is arranged on tPET/US2008/059725

interfacial adhesion heating |ayer 13 within the

. opening 36 in the third dielectric layer 26. In the

titanium-akmniguea nétmisied Tiveli), titandumatuingben (%‘/%),gﬂaimen (Pt) or tungsten
material |ayer 18 is a chal cogenide material, such as,

(W), ameng xoiimys e Thg énteeiasiahadhesiardmating) lhyaeri 18etheGe BibRTeesistance
(GST). The phase change materials can al so be or

matETiaHlaMdlelfbame thegopsdeativaliedd arabeninged wifhin tlexepplirg 36 in the
In-Se, Sb2Te3, GaSb, InSh, As-Te, Al -Te, GeTe,

third Téel@griadaydri26ShoweyerTtheSopSdect@eledd-cGald Hise Be-ar@hged to extend
Ga- Se-Te, Sn-Sb-Te, In-Sb-Ge, Te-Ge-Sb-S, Te-CGe-Sn-0

over the-tGp-Bhathirddielerti@elager 26.nkrSenclemBod int Sibe Tep Bbetrode 14
Ge- Sb- Te- Co, Sb-Te-Bi-Se, Ag-In-Sb-Te, Ge-Sb-Se-Te,

may IgealSnt 680-Téhiclce- Te- Sn-Ni, Ge- Te- Sn- Pd, and
Ge-Te-Sn-Pt. FIG 2 shows the phase change nenory
element 10 in a state in which the variabl e resistance

[0020hrat eTheabari@yadielb8triviayersR0y 24, 06, 27928 ety Besfokthetl ¥ an insulating
anor phous state, while the rest of the variable

matefigksuwhanee dxidetel@) SiOa silicdS nitsides (31N, dtighabkides high
state. In one enbodi nent, the variable resistance

tempeRitefd pidl?rir@lf@ lovk-&lictestrieenatoauls; BEQafink il 4dks, %1{ i99dRtind polymers.

top el'ectrode 14 is arranged on the varl abl

The di€lsttgicanseriabisid tolfot)RE vidoud il tdRyeReN E‘% 2862,08 may be
the third dielectric |ayer 26. The top &l ectrode 14

the safy oPAiffERBLn6he AW a§tdst abl e conductive material,
such as titani un%nitr de

(TiN), titaniumal um numnitride (Ti AIN),
[0021 j( i t aIHéﬁ@itérPd&aﬂtaﬁﬂeéiEh%atiﬁ%?éfyﬂeF Tg}rﬁ?(%ve@ thé S Gbetween the
rfacial ad ng

W, anong others. The Int esi on heati

secondodiBlect lay B4/ d BRI RrTBR R5RAMRe mégf\}él?h%/%ral%éﬁ.g\d]ﬁay

and the top el ectrode 14 are arrange
therefe?€ hPeoviFiohd i rdIfibiltyd |Gy ) s i
eret he tEp ?gcg ;%der%%bchﬁié@ffg%hggygﬁﬁgﬁgg@, ?%%ggpgydh en high
temp&@¥@ireldyelit®Bn@hehdi i ' leGal i
emp enborg'icﬁg it g n@hes tgp dtél:&%(g t@(r)giélgé ?lgér{gecandas\ﬁ%rss 4R intdyrANBpects of
the device processing or operating conditions. Additional benefits have been described

above.

[0022]  FIGS. 3A-3C illustrate one embodiment of a method of fabricating the phase
change memory element 10 illustrated in FIG. 2. No particular order is required for any
of the actions described herein, except for those logically requiring the results of prior
actions. Accordingly, while the actions below are described as being performed in a

specific order, the order can be altered if desired.

[0023]  Asshownin FIG. 3A, the first dielectric layer 22 is formed over a substrate 20

by any suitable technique. The first conductive metal layer 15 is formed within the first
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may be about 600 A thick. [0020] The various
dielectric layers 22, 24, 26, 27, 28 may be fornmed of
w@roosng1shat i ng material such as an oxi de (e.g.PCBULI0PS/059725
silicon nitrides (SiN); alumna oxides; high
tenmperature polyners; low dielectric materials;
dieleg¢tnis l];aayﬁnZaglsglgagmveﬁtlonaﬂsmhcaohtﬂj@gpﬁp@n@ﬁcbmgrb@nket deposition,
dielectric material used to formthe various
and cdienlied mechahipbpelisting (AMP) gechpiques8 nmay be the sane
or different anong the layers. [0021] The interfacial
adhesi on heating |layer 13 inproves the adhesion
[0024pet waeshowr in EHoniB, dheseondidieleetyiedays 24 ngifarhed over the first
vari abl e resi stance material layer 18 and may
dielecthiedafay22 andthe Viest comgurdyenneglilaysir(16t YArodpertieg A sofoymed in
el ement 10, especially when high tenperature cycling
the smddrcﬁalbeﬁmdalw(ﬂél\m}fem aad ahigned vatidthetfirelsonduetive tregaldhyer 15
aspects of the device processing or operating
by anyaudiableoteshnigdd,i for exathpleeeiehirtgs Trevsttvee sledrode il édformed
above. [0022] FIGS. 3A-3C illustrate one enbodi nent of
withia thebpenlingfaridaibreleatticalgoh tret withshe ¢instmgetahlayer ¥5. Chemical
element 10 illustrated in FIG 2. No particular order
mechhﬁlcﬁE?Qhﬂﬁﬂ bty Isnsedf totfoAm adldt eppet eo¢idelgoibeadgisirface of the
except for hose logically requiring the results of
bottoBf bleetragé 1®Ns. Accordingly, while the actions bel ow
are described as being perfornmed in a specific order,
the order can be altered if desired. [0023] As shown

[0025] N FAGshS#hn ik PG 3T She dhteHREAN ddhekRYHeaBRg 18y drdBNBE variable
over a substrate 20 by any suitable technl gue. The

resisthhéSnat@ il Usfer V8, AL Ble tbp¥Rictrbdeild a?@§é?ﬁ1@nt’i’al‘l}h HBpédiRd over the
firstdielectric Iayer 22" usi ng conventional

secorm%mctﬁ@ragélamé(nd SHebvthsn ellcBolet 2 IFRESitbtfaHal E’éh‘i'mg layer 13,
chem cal nechani cal polishing (CWP) techniques.

the Vaﬁﬁalﬂé Qwsthﬂcecrhgter?a@ ly‘ei‘% 2fd MReltdP @b&FIdd -t AI@XEén gt%héé using a
formed over the firs

conventional photolithography and etching technique to form a stack. The third

dielectric layer 26 is formed over the stack. A CMP technique may be used to expose

the top electrode 14 and planarize the top electrode 14 and the top surface of dielectric

layer 26.
Example 1.

[0026]  The resistance of a memory element using a 1000 A thick GST phase change
material without an interfacial adhesion heating layer was computer modeled for the
SET state. The c-GST layer had a resistivity of 7.5 milli-Ohms.cm. The top electrode
was 1000 A thick TiN. The bottom electrode was 1000 A in height and 50 nm in
diameter TiN. The resistance of the memory element in the SET state was

approximately 200 Ohms.
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dielectric layer 22 and the first conductive netal
| ayer 15. An opening 34 is forned in the second
walc@Baetses c | ayer 24 over and aligned with thePdT/DS1008/059725
conductive netal |ayer 15 by any suitable technique,
fqr _exanple, etching. The bottomelectrode 12 is
Examfgﬁ’ged within the opening and in electrical contact
with the first netal l[ayer 15. Chemnical mechani cal

olishing my be used to forma flat_upper surface on
[00275 he ToprSiRtaEo grMemerpe mﬂt@ﬁw%mﬁ A thick 62 53haag change
shown in FIG 3C the interfacial adhesion heating
mateyigland havingae intarfasil adhesips haplieg Fees miagicompyiser mgdeled for
and the top el ectrode 14 are sequentially deposited
the SEV state.h&he edonliphiassl benge saterjalrhapla esistivity obgdtoiHi-Ohms.cm.
el ectrode 12., The interfacial heating |ayer 13, the
The rggistiwity ef n @8i s thigkc interdadali agdhesigpdieatiag dayer tvras 4509 milli-
el ectrode 14 are then etched using a conventional .
Ohmpiaar. olhe topgregitodeanias UM tloick deNnildedotiont eleahrade was 1000 A in
stack. The third dielectric layer 26 is fornmed over
heightraadsiCauk. in digneter dNnilgegesisipnbeofibednemorxgesent vethe SET
top electrode 14 and planarize the top el ectrode 14
state aved apipeoxiopatelyrd Obimsdilbk eutrent demsigr digibuBoarshoeved, little
[ 0026] The resistance of a nenory el enent using a 1000
laterd aulnierk s@$adph dseintedngal adhtesiondlieating horer, while current
i nterfacial adhesion heating | ayer was conputer
distribotiehén thec-GITeplGise changemaldrial evdsSimilay &y thasdf Bxample 1,
resistivity of 7.5 mlli-Chns.cm The top el ectrode

indicwding t1@h&\irttbifaialladthesiOnehdatingdayal veidl niatddfevathe 5ARPe 6¢
in height and 50 nmin dianeter Ti N The resistance of

progtahemimosined gncatillionlyt peovild Ioehide] Masinarbox iiebettdym
200 Ohns. Exanpl e 2.
electrode. The interfacial adhesion heating layer also serves as a heat isolation layer to

reduce heat loss due to its low thermal conductivity.
Example 3.

[0028]  The resistance of a memory element using a 1000 A thick GST phase change
material without an interfacial adhesion heating layer was computer modeled for the
RESET state. The resistivity of c-GST phase change material was 7.5 milli-Ohms.cm.
The resistivity of a-GST phase change material was 7.5 x 10* milli-Ohms.cm. The top
electrode was 1000 A thick TiN. The bottom electrode was 1000 A in height and 50 nm
in diameter TiN. The resistance of the memory element in the RESET state was
approximately 2 x 10 Ohms. The current density distribution mostly concentrated in a

300 A a-GST region before it spread out.

Example 4.
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[0027] The resistance of a nenory el ement using a 1000
A thick GST phase change material and havi ng an
wo piosnizes al adhesi on heating | ayer was conputBCT/US2008/059725
nodel ed for the SET state. The c-GST phase change
material had a resistivity of 7.5 mlli-Ons.cm The
[0029} e sildve rgpistange oba premaothglemenhueng adi08p Aatindsiseh phase change
heati ng | ayer was 7500 mlli- Chnms.cm The top
matersaledidr yengas intedecial adhesiorrheatinghleyeowes serapetar maedeled for
was 1000 A in height and 50 nmin dianeter TiN. The
the RESET statt c BhaofesishiaityekorSE pbasnthange nrades@diwas 46 enile$dhms.cm.
approximately 4,000 Ohns. The current densit
The refiigtivityboft a-6i5 Tyhmse dhange metdriad srasl7.ox il danilli<phmadm. The
the interfacial adhesion heating |layer, while current
resistiliitgt ofi 02t AdnterfactahedbedBST hphtasplayhange 7681 prillisOhmasm. The top
simlar to that of Exanple 1, indicating that the
electrode erasdODAA thitieEiNonThebotton dlegrmdanvhs 1008t A af height o 50 nm
shape of programm ng volunme and will only provide
in dianoetet T dThe adsistenbg\the nieenduyt d emest iecdhe RESET Bhete was
i nterfacial adhesion heating | ayer al so serves as a
apprdxémitelp @lxal(P QthrhaySimiiao to edarnpld®; ghe bgenidenstty didtsibution
| ow thermal conductivity. Exanple 3. [0028] The
mostlyesheérdrated df a 300BnDGSTedegiornt Theslategalecut 880 sprdaldiinkhe
GST phase change material w thout an interfacial
interfacibbsdlasidicladating lhpgrewavenali depdihg o watieh esafl @ell tésistance
RESET state. The resistivity of c-GST phase change

changﬁateri al was 7.5 mlli Chrrs cm The resistivity of
a- GST phase change material was 7.5 x 104
milli-Chms.cm The top el ectrode was 1000 A thick Ti N

Exam};lr@abottom el ectrode was 1000 A in height and 50 nmin
di ameter TiN. The resistance of the nenory elenent in
the RESET state was approximately 2 x 106 Chnms. The

[0030F ur NeatorAédhahioal ShatpoiRtbdrlingBfdabireénteite Met@tGfiddedby the
inventor to determine the bonding strength between the various materials that may be

used in the described embodiments. The results are included below in Table 1.
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300 A a-GST region before it
4.[0029] The resistance of a
wao®e/14vsvhi ck GST phase chang
i nterfacial adhesion heating
nodel ed for the RESET sta
phase change material was
reS|st|V|ty of a-GST phase ¢

- e Oh e

e
abls

spread out. Exanple

menory el enent using a

e material and harRCTYSENS/059725
| ayer was conput er

The resistivity of c-GST
kitri-ohms.cm The

hange rraterlal vvas 7.5 X

104 CThea
14—+ H-+—Chs—em—Fhe—+esis

i nt er f Materialadiestedon heati ng

\:
lIVIl

| ay eAd\hagom@@@rgy (Ge) (J/m?)

mlll-dwngp&tcs?ﬁhe top el ec

The—bot [J&F@I{UUS was 10

Ln_diane The resj st

tirode was 10007Aof00tg ck Ti N.
[ OTan
ce of_ the mag'r193 el enent

in the RESHTa-€IS9t e was approxi mately 2 x 3064Chns

I aﬁdﬂdle—@&iﬂ’ (leQtspsipressd] in th

SimTar TI(NF @'gql eASI theogurt\ent Pg_?_n5| tylfﬁbsl&[" buti on
IIUOLT‘I €Gn€ellt r at eu i LI A JUVU a \w | T CUT AYALD Ille

e i nterfacial3. Eabllhési on

neaiyIq. GIY FRE BRER) |

leading to only a1§

ce[l
L r\noru N

I_C TUL (J.'I_I\JU oIrarty AT

fD/ anEEEt(heaar}dplregsp‘mm)J rene

1 e E

Iana
| ImllmIBbITuIlILal

nts were cond?Otekl by the

Tﬁé%:ztc‘?ég’f@geda&&fér@sﬁggg e bo

enioNi /neGEE (RFbputtered) t s ar e

ndi ng s_trengl? Qeé(\jveen t he
i ncl uded bel owl.0n Tabl e

1. ? &%Rlilt': 2 on

ibed

'y depicts an ﬁé mple of a
(N

herein. G her lnnc of

t HEEOB hesGSR( ttek@d) ncor porating the inQOgrf aci al
ad I I3 ar|g possi bie.~For exanple,
hgiﬂszgﬁa{ﬂaﬂ%ﬁLq{é& 15 may| he rearrang®f WS8Rt t ed,

OFDARQS/td-(GST %R'F @Euft@x%klb_r ed f

or use in avﬁaywegw ar

MenDr ?/ devi IZWDOUI

fec- G&WéRE Sﬁﬂttéfeﬁiér var i

ments nﬂy dl SO erlpl Uy orie
abl e 12

AIR203 [ ¢-GST

>1.5

TEOS / ¢-GST

<0.5

[0031]

FIG. 2 only depicts an example of a memory element 10 described herein.

Other designs of the memory element 10 incorporating the interfacial adhesion heating

layer 13 are possible. For example, the first metal layer 15 may be rearranged, omitted,

or substituted as required for use in a particular memory device.

[0032]

Embodiments may also employ one or more layers of other variable

resistance materials as the variable resistance material layer 18. The thickness of the

various layers may be modified as desired to account for various arrangements of the

elements and desired resistances. Examples

of other variable resistance materials

include such as metal doped chalcogenide glass and those variable resistance materials

discussed in various patents and patent applications assigned to Micron Technology,
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resi stance materials as the variable resistance
material |ayer 18. The thickness of the various |ayers
woreashe75oodi fi ed as desired to account for varPOUES2008/059725
arrangements of the el ements and desired resistances.
Exanpl es of ofher varjabl e resistance materjals
Inc, lmﬂmﬁg%sl@aﬁt %Ufﬁéttald‘%lgﬂ@d"@ﬁa%@d’@ﬁﬁff&e‘\@ﬂﬂ 1ogdYo- 10/765,393;
those variabl e resi stance materials discussed in
U.S. RpsentohigplirationtNo- A9 5338nY oa Bptent Apipdisationr NagA®§22,622; U.S.
M cron Technol ogy, I ncv _including, but not limted to
Patent R plishtioniNiy 10,6874 had. 8ntatrpbhDplication No, 0%83674; s Patent
U. S. Patent Application No. 09/853,233; U S. Patent
Applispon b, 16A2AG00; 16B0BatemoADplirasiondio i 9Hp; EEG Potent
No. 10/663,741; U S. Patent Application No.
Appliggriosd08a/198)5%); (RSt Rateninp pplicattandNo Nd)/ 10004502 1, Fatent
U. S. Patent Application No. 09/941,544; U S. Patent
Applisppodn Nt 1023NG79; 106 1RReBRApplicabionRdo s1y/89%2519; tled. iPatent No.
No. 10/100, 450; U.S. Patent Application No.
10/0772,872 315 77 &entUA Bpli@dtoeniNo Afp865303; bib. Ratert 0¥ [§9R:a868 No.
U.S. Patent No. 10/077,872; U.S. Patent Application
10/230y827; 105 JBdeS0ARpplicaBionso ity 948p1910; U, iPateriic\ pplication No.
10/ 230, 327; U.S. Patent Application No. 09/943, 190;
10/622482; TPA BatentApplicaiondNo Nd/ 08105982, 51 F2aterit) ApplRatienNo.
Application No. 10/081,594; U. S. Patent Application
10/81%815; 106 S3ded ApplitaionRsd el 063486t Ueli. PaterlddA pplication No.
11/ 062, 436; U.S. Patent Application No. 10/899, 010;
10/899010; Un8. U BaP&taht Apﬁlib&tﬂiﬂ No. My79610007 % didllostutes of each of which
di scl osures of each of which are incorporated herein
are inbyrpoehietanesin Hy0R&Ibndd. G 4 illustrates an exanple
processing system 900 that utilizes a resistance
vari abl e random access nenory device 840 contai ning an

[0033pr r SGOf iRt £ SERRpHIS Elcace@@mgtsw@hﬁ@bm&aﬂﬁﬁﬁféstaefésistance
above with reference to FIGS. 2 ahd 3A-3E. The

varialfle Q&RGSh &Y %ﬁ@ﬂ@)l%}o@e\}i&%mtﬁﬂﬁlr%g({n AREE oP @eSnents 10
901 coupled to a | ocal bus 904. A menory controllér

const@f¥e Padd & cAbbABbYvOUShreldRceI8FTE5E2 8h@ ACTMPTREpEdessing

|l ocal bus 904. The
system 900 includes one or more processors 901 coupled to a local bus 904. A memory
controller 902 and a primary bus bridge 903 are also coupled the local bus 904. The
processing system 900 may include multiple memory controllers 902 and/or multiple

primary bus bridges 903. The memory controller 902 and the primary bus bridge 903

may be integrated as a single device 906.

[0034]  The memory controller 902 is also coupled to one or more memory buses 907.
Each memory bus accepts memory components 908, which include at least one memory
device 840 described herein. Alternatively, in a simplified system, the memory
controller 902 may be omitted and the memory components directly coupled to one or
more processors 901. The memory components 908 may be a memory card or a

memory module. The memory components 908 may include one or more additional

12
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processi ng system 900 may i nclude nmultiple nenory
controllers 902 and/or nmultiple primry bus bridges

wOBs/1T13e5 menory control |l er 902 and the pri marBCDHUS2008/059725
bri dge 903 nmay be integrated as a single device 906.

. [.0Q34] . The nmenory copj.r.oll.ey 902 is a coupled to
devie A% FoRsS Moty BltbShalaleviig:aoh Tnighh Py S51Bh Gumpnanemory.
nNenory cqQ n s 908, ich include at |east e
The riERGH) GRUMIES B tieaieo PR ENdp f o werimmy o8y The pache
a simplified system.the nemary. controller 902 be .
mer gy o ka6 (he S RERS TSI hE PHIGERERE Y Eepl ARerratively
one .or re processors 9 The nmenoyy. conponents 908 .
otherliyigss, (87 REHBPIP, BRIGSHIS gf*mr@lswﬁad@. caphe Mgy, which
onponent § .908 may. | ncl ude one aor nore )
may fszfm ] Feﬁmﬁawr@@/sw gachemegoninge. lithe paeressing sastem 900
) geviqe 909 might be a configuration nenory. The nmenory
include periphersls gooontrp)less whigheare byp meastars oa wiiigh supprors direct
905. The _cache nmenmory 905 may be the only cache nenory
mempry ageespilBdadtha @@v@tye‘rﬁntmli::@ PRamaydmplementa cache coherency
devi ces, for exanple, processors 901 nay al so include
protosak Hé thesmemiozy conlrpier %ays fopled te apheralive pbmeyorywibukes 907,
cache nennr; 905. If the processing system 900 incl ude
each pemqrydrasl %7 enaychmoperatest i paraliel, ar diffeventrasisiresssanges may be
whi ch support direct nenory access (DVA), the nenory
mappsehtordifferent atemenyybusepP@frent a cache coherency
protocol. If the nmenory controller 902 is coupled to a
plurality of nenory buses 907, each nenory bus 907 nay
[0035pe oPerprimdry huphridpe 803 ismougied erati¢asadoe pssphearndbss 910.
may be mapped to different nenory buses 907. [0035]
VarioTisel eyidesguyh las petipheigds @0&1disionalipisdnidgesanay bassuped to the
peri pheral bus 910. Various devices, such as
peripperal e O30.sTheseakbides omegl inbluslelr stdgee comfrober 2y pheidcellaneous
to the peripheral bus 910. These devices may include a
I/O dstive Qi acentmdry s btitlged15) sneiltimedizusrocessor 918, and a legacy

device interface 920. The primary bus bridge 903 may also be coupled to one or more
special purpose high speed ports 922. In a personal computer, for example, the special
purpose port might be the Accelerated Graphics Port (AGP), used to couple a high

performance video card to the processing system 900.

[0036]  The storage controller 911 couples one or more storage devices 913, viaa
storage bus 912, to the peripheral bus 910. For example, the storage controller 911 may
be a SCSI controller and storage devices 913 may be SCSI discs. The I/O device 914 may
be any sort of peripheral. For example, the I/O device 914 may be a local area network
interface, such as an Ethernet card. The secondary bus bridge may be used to interface
additional devices via another bus to the processing system. For example, the
secondary bus bridge may be a universal serial bus (USB) port controller used to couple

USB devices 917 to the processing system 900. The multimedia processor 918 may be a
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I/ O device 914, a secondary bus bridge 915, a
mul timedi a processor 918, and a | egacy device

wo piosnimee 920. The primary bus bridge 903 nmayPGl/582008059725
coupl ed to one or nore special purpose high speed

soun 548 57 B SR ok S B ) ey e
vecofgl otk SO S D TSR S e 920
o us B ST SO B0 el e B e o

For exanple, the storage controller 911 may be a SCSI
the prasessing Pt st or age devi ces 913 may be SCSI di scs.
The 1/ 0O device 914 may be any sort of peripheral. For

exanpl e, the I/0O device 914 may be a | ocal area )
[0037het wdraprosessittgagysters 0% ilhistrafecandion dgs ealycdin exagple processing
secondary bus bridge may be used to interface )
systemdaithivehigh eadpdimentsi desemechbereinumay betused p VoridsEih ¢ illustrates
system For exanple, the secondary bus bridge may be a
a progassingrayshitepsutesisppaslly BigBblp farta generalgiurppsaiesaptiter, such as a
couple USB devices 917 to the processing system 900.
persongbcempttered paverkstadionoit shagldreyrepegrized Hut vealbknewn
video capture card, or any other type of nedia
modifigatérrisanes, bewhadhtoeonfiguse theeprosessiragsyistena 800 td betaime more
devi ces such as speakers 919. The | egacy device
suitahlatfer fisecio 20R0idaty obspplicationsupbeeiaaeleymdey eleerogizidevices
for exanple, older styled keyboards and mce, to the
whiclp repesspregessing may $e0mloosTted Tisenga sicgdst aghiiygtuenwhich relies
900 illustrated in FIG 4 is only an exanple
on a PPYG8d sonplesiytstreemuiyt tompondnte Biaidyentrenteyalehents 10 (FIG. 2).
herein may be used. Wiile FIG 4 illustrates a
Theseeloctessic dgviaes hiayantlude, mspee nat limiteditd abls/fidleogrocessors and
general purpose conputer, such as a personal conputer
recorderspgamirigsdoaisoles, dipitaltelevisiorbeets ewirgdiozedirélbst telsphbnes,

known nodifications can be nade to configure the
navigation elevideg (inylsideng Stferh dabet omeha@lobal positioning system (GPS)
and/or inertial navigation), and digital cameras and/or recorders. The modifications

may include, for example, elimination of unnecessary components, addition of

specialized devices or circuits, and/or integration of a plurality of devices.

[0038]  The above description and drawings are only to be considered illustrative of
specific embodiments, which achieve the features and advantages described herein.
While embodiments described herein provide good adhesion between a GST material
and an electrode and also reduce a RESET current, they also have applications to
improve adhesion between layers in other variable resistance memory devices which
use a chalcogenide, or other material, as the variable resistance material. Modification
and substitutions to specific process conditions and structures can be made.

Accordingly, the embodiments are not to be considered as being limited by the
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suitable for use in a variety of applications. For
exanpl e, many el ectronic devices which require
wEe@srssIfNg may be inpl emented using a sinpl erPCT/US2008/059725
architecture which relies on a CPU 901 coupl ed to
menory conponents 908 and/ or nenpry elenﬁnts 10
foregang depeyptian and deyingacitess optiylimied lye! e@GRP%\(Pféhﬁ @Ppended
limted to audi o/ video processors and recorders,
Clalm@amng consol es, digital television sets, wired or
W rel ess telephones, navi gati on devices (including
system based on the gl obal positioning system (GPS)
and/or inertial navigation), and digital caneras
and/ or recorders. The nodifications may include, for
exanpl e, elimnation of unnecessary conponents,
addi tion of specialized devices or circuits, and/or
integration of a plurality of devices. [0038] The
above description and drawi ngs are only to be
considered illustrative of specific enbodi nents, which
achi eve the features and advant ages descri bed herein.
Wi | e enbodi mnents descri bed herein provide good
adhesi on between a GST material and an el ectrode and
al so reduce a RESET current, they al so have
applications to i nprove adhesi on between |ayers in
ot her variabl e resistance nmenory devi ces which use a
chal cogeni de, or other material, as the variable
resi stance material. Mdification and substitutions to
specific process conditions and structures can be
made. Accordingly, the enbodi nents are not to be
consi dered as being limted by theforegoing
description and drawi ngs, but are only |imted by the
scope of the appended cl ai ns. CLAIMS What is clainmed as
new and desired to be protected by Letters Patent of
the United States is: 1. Aresistive nenory device
conpri si ng:
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a first electrode; an interf acial adhesion heating
| ayer having a first surface coupled to said first
web@stsmsee; a resistance changing nmaterial havPegUs2008/059725

first surface coupled to a second surface of said

i nterfacial adhesion heating |ayer; and a second

el ectrode coupled to a secepgngfsrface of said

resi stance changing material. 2.” The resistive nenory

: ; . Cai S : : _

WhatiEWaffie ps LM A detiiLR PR LS A e Onited

selected fromthe group consisting of TaN, Ti AN,
States¥SpgRre, , Hf Te5 Ti Ni Sn, PBTe, Bi 2Te3, AhO3, A-C,

Ti XNy, Ti ALO, Si OxNy, 3. The resistive nenory device

of claim2, wherein said TaNis an N-rich TaN, and

ai da Ti ' I ' A, The resistive nenory

g'evil%gégclféf%(ﬁ@F@n%iﬁdé\x@?g?%@ggf%'fi rst surface of said

interfacial adhesion heating |ayer is also coupled to

a d!aefli%%%ﬁhoa@yer. 5. The resistive menory device of

claimi4, erer'n said dielectric |ayer conprises at

| east one of an oxide, a silicon nitride, an alum na

oXl , A . Ne: | .

ot ottt infrlcl s AEHSA Bl B o IR img WEASE SR gl to said
first TETRYE. device of claim1l1l, wherein said interfacial

adhesibn heating layer is about 5 angstrons to about

50 angstrons thick. 7. The resistive nmenory device of

comit st EE B o b8 BAARER AR SOl o sccond

surfageg Oséiq ﬁ{;%ﬁégeiﬂrgd\hesifowﬁegﬁhgqg}%{ Ig4ng a first

a second electrode coupled to a second surface of said resistance changing

material.

2. The resistive memory device of claim 1, wherein said interfacial adhesion
heating layer is formed of at least one material selected from the group consisting of
TaN, TiAIN, AlPdRe, HfTes, TiNiSn, PBTe, Bi.Tes, Al:Os, A-C, TiO:Ny, TIALOy, SiONy,
and TiOx.

3. The resistive memory device of claim 2, wherein said TaN is an N-rich TaN,

and said TiAIN is an N-rich TiAIN.

4.  The resistive memory device of claim 1, wherein said first surface of said

interfacial adhesion heating layer is also coupled to a dielectric layer.

16

SUBSTITUTE SHEET (RULE 26)



| ayer coupled to said first electrode and a second
conductive | ayer coupled to said second el ectrode. 9.
wab@snespsti ve menory device of claiml, wherePCr/BE81008/059725
first electrode and said second el ectrode conprise at
| east one of titaniumnitride,
%.i t dhieunesiati vermenmonyi deviabeof dditradivimareinrsgsd dielectric layer
plati num and tungsten. 10. A resistive nenory device
compcsapat lsastgneaf in osidephedicondetrids ah ehshinarexidi, @lleghr i ¢
material |ayer having an opening over said first
tempedatwterpademenrani inswelafing ighdss sdttbsi msulaiagi pudyiney.er
within said opening and in contact with said first
el ectrode; a GST material |layer within said opening
@nd The resistiee menndry daviek ofrdant horladreimdads irtorfheal adtgsion
| ayer; and a second electrode in contact with said GST
heaﬁtﬁla@f@i &l abbiit 5 hingstremis 36 abeutinmigstrdewsi theckof cl ai m 10
erein said second el ectrode is arranged within said
opening. 12. The resistive nenory device of claim10
WherKiaresistide hivhesfyatdvade cfdivdsi Dwikeain sagd k@yRaindeschanging
fornmed of at |east one material selected fromthe

mateg81oRn$9Rs aTSNehadérid i ch TaN, N-rich Ti AN, Al PdRe,
Hf Tes,  Ti Ni Sn, PBTe, Bi 2Te3, Ab(3, A-C, Ti OxN ,
Ti ALOy, Si OxNy, and Ti Ox. 13. The resistive nenory

gleviTiR Rbisal@hiBrddhy Jbescdftlfa H fhRther écﬁﬁ%ﬁéing%fﬁ%'t &hductive
heating |layer is about 5 angstronms to about 5

layer 085let@5BaidifsKelectrode and a second conductive layer coupled to said

second electrode.

9.  The resistive memory device of claim 1, wherein said first electrode and said
second electrode comprise at least one of titanium-nitride, titanium-aluminum-nitride,

titanium-tungsten, platinum, and tungsten.
10.  Aresistive memory device comprising:
a first electrode;

at least one dielectric material layer having an opening over said first

electrode;

an interfacial adhesion heating layer within said opening and in contact with

said first electrode;

a GST material layer within said opening and in contact with said interfacial

adhesion heating layer; and

a second electrode in contact with said GST material.
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14. The resistive nenory device of claim 10, wherein
said interfacial adhesion heating layer is also
weowplied9i o a dielectric layer. 15. A resisti VRCTER®NG 059725
device conprising: a first electrode; an interfacial
adhesi on heating layer having a first surface in
1k ontlhetresisti e sambriidesicealf eltimodle wheadid saitk excdHad ekictrode is
adhesi on heating layer formed of at |east one nmateri al
arrangal wothed sdidapenireg.gr oup consi sting of TaN, Ti AN,
Al PdRe, Hf Te5, Ti Ni Sn, PBTe, Bi Te3, and AhO A-C,
Ti XN, TiALOy, SIOxN, and TiOx. a GST nateri al
1haviling rasiivesmesory aleeiderof claimald) wiietdin saigleintertacial adhesion
surface of said interfacial adhesion heating |ayer;

heatirgnldyer séconed ef sicleastdmeimaterial sebdctodd frbmetheggong consisting of N-
surface of said GST material. 16. The resistive nenory

rich TdBYy NoeichTiAlN,] APtRe, WiGeeTiNSaj BBTé, rBifTegl Ale®s, 2d€, TEON,,
surrounded by a dielectric |ayer and said interfacial

TiAL@gBE3iNNahédtiOng | ayer is al so coupled to said
dielectric layer.17. The resistive nenory device of
claim 16, wherein said dielectric |ayer conprises at

13. eaghequsistdfe MRl device of icldior, Wihiefdifl@aidaintatadidladhesion
oxi de, a high tenperature polyner, an insulating

heatirl R§&r isabdubp ahgs?c%rﬁﬁ t@%&ﬁ'%%gstré&s tAfeR, resistive
mendry device of claim17, wherein said dielectric

| ayer conprises SiN 19. The resistive nenory device

10f  aihpiriddee BT cﬁxraewe%fmtiﬁrifoa%%}elﬁ@Qﬁslh%fd“cﬁﬁtauﬁgsmn
| ayer is about 5 gstroms to about 50 angstroms

heatiﬁgﬁliaﬁgf isa%o du ?}‘éd‘ﬁﬂa @feléc@ﬁ@la‘?@r a menory el enent, the
met hod conpri

15. A resistive memory device comprising:
a first electrode;

an interfacial adhesion heating layer having a first surface in contact with said
first electrode, said interfacial adhesion heating layer formed of at least one material
selected from the group consisting of TaN, TiAIN, AIPdRe, HfTes, TiNiSn, PBTe, Bi2Te;,
and ALO;s, A-C, TiO«Ny, TIAKOy, SiO:«Ny, and TiOx.

a G5T material having a first surface in contact with a second surface of said

interfacial adhesion heating layer; and
a second electrode in contact with a second surface of said GST material.

16.  The resistive memory device of claim 15, wherein said first electrode is
surrounded by a dielectric layer and said interfacial adhesion heating layer is also

coupled to said dielectric layer.
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formng a first electrode; formng an interfacial
adhesi on heating |layer having a first surface coupled
wo eooshe75p3 r st el ectrode; form ng a resistance PCEHOI0N$059725
material |ayer having a first surface coupled to a
econd surface of the interfacial adhesion_heating
1?aye he éﬁﬁ&hﬁfsmerﬁ@ryﬁ%\@% lape £o el et gipleqrig layer
second surface of the resistance changing materi al
comprisesat lepgt oneref anedReR adtliongridg anghengiaodde, a high
dielectric layer is formed around said interfacial
tempgriuge polymest imigsnkyieg, glasi and arindatieg polamsirng
material |ayer, and said second el ectrode. 22. The
met hod of claim 20, wherein said interfacial heating
1Bay eFhe mesistive asermonndevicheindding 1 Arawlkeriei sdidgéglectdndayer
sai d second el ectrode are fornmed in a stack by
compiesesSINi ng and etching an interfacial heating |ayer
material, a resistance changing material, and a second
el ectrode material.23. The nethod of claim 21, wherein
19ai dT¢ wsistive incerhaxyedeviongfrdlaios 13 twiheraist saoch enteffaeinl adhesion
oxi de, a silicon nitride, an alum na oxide, a high
heatingqeer as abreitpoingseomsan abostbGangsgroghsadsck. and an
i nsul ating polyner. 24. The nethod of claim 20,
wherein the interfacial adhesion heating layer is
200r nddnethodtof feasingenaemat g eleaters ethe ehettiodl compirising:
group consisting of TaN, Ti AIN, Al PdRe, H Te5, Ti N Sn,
PBTe, Bi 2TeS, Ab(3, A-C, Ti OxNy, Ti ALOy, Si xNy, and
Ti Oxfor2bng T fiestred¢duadlepf cl ai m 20, further conprising
formng a dielectric layer around said first
el ectrode, wherein said first surface of said

i nt efor méh@hn adbeaciahadiesionteatiagdiydrhaving a first surface coupled to

the first electrode;

forming a resistance changing material layer having a first surface coupled to

a second surface of the interfacial adhesion heating layer; and

forming a second electrode coupled to a second surface of the resistance

changing material layer.

21.  The method of claim 20, wherein a dielectric layer is formed around said
interfacial adhesion heating layer, said resistance changing material layer, and said

second electrode.

22, The method of claim 20, wherein said interfacial heating layer, said resistance
changing material layer, and said second electrode are formed in a stack by depositing
and etching an interfacial heating layer material, a resistance changing material, and a

second electrode material.
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al so coupled to said dielectric |ayer. 26. The nethod
of claim 20, further conprising formng said

wo paosnimes al adhesi on heating |ayer to a thi ckpessSmDS/059725
about 5 angstronms to about 50 angstroms. 27. The

met hod of claim 20, wherein said resistance changi n?
23vat drtieanethodmficdkaim 3, ederaiaiseid dielectric layer comprises atTeast one of

an oxide, a silicon nitride, an alumina oxide, a high temperature polymer, an insulating

glass, and an insulating polymer.

24.  The method of claim 20, wherein the interfacial adhesion heating layer is
formed of at least one material selected from the group consisting of TaN, TiAIN,

AlPdRe, HfTes, TiNiSn, PBTe, Bi2Tes, ALOs, A-C, TiONy, TiAlOy, SiOxNy, and TiOx.

25.  The method of claim 20, further comprising forming a dielectric layer around
said first electrode, wherein said first surface of said interfacial adhesion heating layer is

also coupled to said dielectric layer.

26.  The method of claim 20, further comprising forming said interfacial adhesion

heating layer to a thickness of about 5 angstroms to about 50 angstroms.

27.  The method of claim 20, wherein said resistance changing material comprises

a GST material.
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