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FORM NG 5B osaffYFsof! ELD OF THE | NVENTI ON [ 0001] Enbodi mppbgis9fosfobdad nvention
relate to sem conductor devices and, in particular, to variable resistance

menory el ements and net hods of formng the sanme. BACKGROUND OF THE

| NVENTI ON [ YO0RIA BIOB RESISTANCERMEMGRY DEVICE WITH AN A8 BREACESL due to
their ability to maintain data absent a power supply. One class of variable

resi st anaHHBSFONMEATING EAYER) SYSTEMSATSING "R SA ! ANTAMEPHSIFS change
materials, such as chal cogeni de alloys, which are capable of stably

transitioning between anor pheysFaRMENEGSTREIgAWFPhases.  Each phase exhibits
a particular resistance state and the resistance states distinguish the

| ogi c values of a nenory elenent formed with such materials. Specifically,
an anor phous state exhibits [ j I stance, and a crystalline
state exhibits a relativel ﬁpgﬁ @g%gwmﬂ A conventional variable
resi stance nenory inplenented as phase change nenory elenent 1, is

i || ust[fil¢d i Bmbbdisnentaohthe inBentioniralitedo s¢racondiicipe devicephnd,dn change
material 8 between first and second el ectrodes 2, 4. The first el ectrode 2
i's arpaatigddr, o vhriabla resisthred memorpelsmaits énd ftethedwsffocnangthevater i al 8 is
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‘appl i ed between the first and second el ectrodes 2, 4. To obtain an

anor phous state (FIG 1BACKGROUND\GF THE INVENTIONcurrent pul se (a RESET
pulse) is applied for a first period of time through the phase change
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in non-volatile memory cells are phase change materials, such as chalcogenide alloys,
which are capable of stably transitioning between amorphous 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




1 WD 2008/ 147595 PCT/ U52008/ 059725 results in the portion 9 of the phase
change material 8 covering the first electrode 2 having the anorphous

state. '(9 9 ﬁi“%gg crystalline state (FIG 1A), a Iomef,ﬁ,g)r{]]&@%%%ﬂ%i te pul se

(a SET pul'Se) 1s applied to the phase change nenory ele second
period of tinme (typically longer in duration than the first period of tine

and t rs ' ' i : lal) to
neat R HThERoliGH ) Ofile pTRsP it AERHAMS LRI GG 00, %y
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a read vol;taqge i chydoes not ,change,th ase stagte of th hase change
mat er ipgpog_oaf%%%&?p&gy ?@&%éﬂ fiﬂw%wg%mwgv? Bﬁ‘ﬂeayg fung ?‘Hgt ase change
mat eri al , | arge RESET current densi ma e reqyir to prqvide
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may cause undesired electrqQ-mgration in condyctive matgrial and nay cause
phaseP@éB‘é‘ﬂattPéﬁemRefwe&?g@@ 1%%@5@8%@ @i Oﬁ(édfstqrﬁﬁaﬁlzﬁ,nonv\eak adhesi on
bet ween the phase change material and other | ayers may introduce long term
r el i atempesatiess Jdus rauses thapmerphons pgetiorfof thephase shangsrmateriat 8tmreTI ON OF
THE DRAW NGS [0005) FIGS. 1A and 1B illustrate a conventional phase change
nenor grystalisetq thejapstallingistate thatlis meintained oacpthea ¢urrerdrinsemeved andhttle vi ew of
a phase change nenory elenent according to an enbodi nent of the invention.
[ 00075)h§ke§3cheihge3ﬁ.‘embt)ue]1emel iedaled. Fheoplsass ehangemlemoryvelerdent kisiread a
met hod of fabricating the phase change nenory element of FIG 2. 2

by applying a read voltage, which does not change the phase state of the phase change

material 8.

[0004] 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 may cause undesired electro-migration in conductive
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.




WO 2008/ 147595 PCT/ US2008/ 059725 [0008] FIG 4 is a bl ock diagram show ng an

el ectronic systemin block diagramform according to one aspect of the

i nvent i ofo JhbslatdesD DESCRI PTI ON OF THE | NVENTI ON [Oogg,b e ({M?)s; | owi ng

detail ed gescrl ption, reference is nade to various e o&. nment's. ese

enbodi nents are described with sufficient detail to enable those skilled in

the arpods] PrEIS, 1468 a6 dibgrdlﬁ tsh@w?% &F@l@ét@éﬁ@dyét@ﬁiin‘ﬁlb@ﬂ dRERAHIfHRAL S MRy
S struc a

be enpl oyéd, and that vario , logical and electricCal changes may
be rracjfccordjlqgg@])nggﬂ,écgbmﬁ'esiﬂpé{g‘ﬁ{e" used in the follow ng description may
i ncl ude any “supporting structure including, but not limted to, a

sem conduct or substrate that has an exposed substrate surface. A

sem conduct or substr ' i1icon,
silicon-on-insul at orBFgéqy,gwsﬁﬁ?‘ggg!}g@éﬁagg%}?gI%ﬁ@%’ged and undoped
sem conductors, epitaxial |ayers of, sjilicaon supported by a base

sem cdARft or In thedaHawingdetated desraiptivanTeiegnce isanade faierniguss, i ncl udi ng

t hose made of semniconductors other than silicon. Wen reference is made to
a seniexapeiliments. Ehgse embodimentsare desaibed avith suffigiong detaiktio emablethoss evi ous
process steps may have been utilized to formregions or junctions in or
over tskillddbinghe anli toqrdcticedheny: It isundetunclerstoqih thad witerremkoditrentsmeayl not be
sem conduct or - based, but nay be any support structure suitable for
supportbei employed rarebihat edrious stoadturalNogicdl argl electricabthaniges trexy beanadet al s,

al | oys, glasses, polyners, ceramcs, and any other supportive materials as
Is known in the art. [00111 As di scussed above, variable resistance nenory
devi cqgotojat Theterfe”subsaate” altad &e tivefollowind deRbiptiondRay vl dmyreat i ng of
phase change material to induce phase change between anorphous "and

cryst %Fpaﬁir% srecurdiRliding utidelinfeddsto] ¥ bdmticohduétoy stipdtrdta ehathase change
material, a |large RESET curfent density may be required to provide

suf fi Ginetip B BlibstutEBhifadel A BEARBNENADS Subsiate sRduldbel Bldeestedd tent density

include silicon, silicon-on-insulator (SOI), silicon-on-sapphire (SOS), doped and
undoped semiconductors, epitaxial layers of silicon supported by a base semiconductor
foundation, and other semiconductor structures, including those made of
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



3 WO 2008/ 147595 PCT/ US2008/ 059725 may cause undesired el ectro-mgration in
conductive material and may cause phase separation in the phase change

mat er i alwoéa)g}la.}sggal Iy, weak adhesion between the phalsgr/% ?ﬁgﬁwq%t erial and
other layéers may 1t ntroduce long termreliability issues’in e phase change
menory el enment. Hi gh tenperature cycling and heat-i nduced vol une change and
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provi de a phase change nenory” devi ce t hat des an iInterfac adhesi on
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to indyce phase, change b re.than.thirty tinmes, while maintaining a

devi c& 8F$$893FE§?55’P§X85X‘F%5W8 t*‘%\?bcg’rlerf‘han one hundred, which is desirable.
The device off/on resistance ratio refers to the ratio of the resistance in
t he of tatg, .in.which,.a.portion of th se change materjal is in an
bior B¢ aEinbogign’s Yig PR provive e shangs mempgIHaie BRhoe
change material is, in a crystalljne state. By, reducing, the RESET current
densi tlg}fcﬁéﬁaegmt@efa@%e@h@m Seaetmgdawrrar%d&elt‘yéw Electiode and thease
separation jn the resistance variable material may be avoi ded. Furthernore,
a heatphaspghangesmatertalhdha intetfpgakadhesion heatigdryarimpravestheadbesiont y of t he
interfacial adhesion heating layer. [00131 Enbodi nents are now expl ai ned

wi t h rheteeemedielectricdayer e phasahange materialrastdealsmservasiape lecalized cat e

like features. FIG 2 illustrates a partial cross-sectional view of a phase
changéheatingrejernéretrtorprotidecuidktional heating tatheqhdae ckanvge tateniak thaidiinetst  of
the invention. The nenory elenment 10 may store at |east one bit, i.e., logic

1 or GQwn self-heating. The additional heating from the interfacial adhesion heating layer can
reduce the RESET current needed to induce phase change by more than thirty times,
while maintaining a device off/on resistance ratio larger than one hundred, which is
desirable. The device off/on resistance ratio refers to the ratio of the resistance in the off
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.




4 WD 2008/ 147595 PCTI US2008/ 059725 [0014] The nenory elenent 10 is
supported by a substrate 20. A first dielectric layer 22 is arranged on the

bstrat first ducti tal | 15 i tthin th
Firat ai S0 PlSsd o 52 “The conduct ve metal 1 ayer KBRS o of
any suitable conductive material, such as titaniumnitride (TiN),
Citani L unmi b LA : : AN . Pt
or  turglt 3 ' EBOE Smeni1disiibrol bR 4 obl AR B e ER Rl )
15 ; I | : . | b bout
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IRt AT Sty AL RS o gty e
or tun@%éﬁqn)(%%m aqﬁﬁ%sg%{}ﬁngl Th b’g‘:@m Iectro?&, 12 ma e scaled down
in siz By A Wﬁﬂ? r@e@ﬂﬁt@ﬂ . )rr‘HBOPéP 85388 of the
cal s ohgicoRd oRet FAiRd 15 M Byt 1 DRECBUOLURER £88 r ogb 12, In-
one enbodj nent, the bottom %I ectrode may be a plug bottom el ectrode and
may bec vemetal layeris Ay bgshouklP00fhthicle di aneter of about 400 A or

| ess. In other enbodi ments, the bottomelectrode 12 may be a different type
of electrode, such as an annular ring electrode or a liner electrode.

[ 0016][083)hi r & seicend digledric dayer 24 és arsangedonythe fisst dielectriciayer 22 andatri c
| ayer 24. An interfacial adhesion heat imr;g l'ayer 13 is arranged on the
bot t orbattasn elenttode 12anarrahged withim thedieedrsd dielectiialayer 24 The hottomn openi ng 36
in the third dielectric |ayer 26. The interfacial adhesion heating |ayer 13
may beelédrodeil binag bedormed bf atpsuitdbilé comduadtive matetials soch &2t ween a vari abl e
resi stance material |layer 18 and the second dielectric |ayer

titanium-nitride (TiN), titanium-aluminum-nitride (TiAIN), titanium-tungsten (TiW),

platinum (Pt) or tungsten (W), among others. The bottom electrode 12 may be scaled

down in size to reduce the required programming current. The thicknesses of the

variable resistance material layer 18 and the top electrode 14 may also be scaled down

in size to correspond in size to the bottom electrode 12. In 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, AL:Os, A-C, TiO«Ny,
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24 and/or wll provide resistivity sufficient to provide a |ocalized heating
effect, such as N-rich TaN, N-rich TiAIN, A PdRe, Hfles, TiN Sn, PBTe,

Bi 2Te3, \66%%%14%‘99 TiO Ny, 5L WO 2008/ 147595 PCT/ t JS?Q’P/%/S%?/X%%ZS Ti Al . O,
or 114, S

Si O N, anong others. N-rich TaN is TaNx, where~X arger than 1.
N-rich TaN can be created by increasing the flowrate of N2 in proportion to

the fl § i), AU T pugt.eli . f: | may be
vari ed AsShHRREh oA TiOH el RHeRP SRR s TRV, e R s Tk A ™0
TaNx r {5, N i 1S5V BV ' | | | Al re x is
| ar gerN'tqlﬁ%t‘n’l&ai\.r @ﬁ?PPSﬂaﬁdﬁR{@?gé\ésﬁé mér%%%éetgwﬁzgﬁ ﬁﬁ%ﬁoer}fog i t’ﬁlﬁ‘%ﬁ@ o N-rich
TaN. [.Q017] e od] t e thickne f the interfaciak. adhesion
neat gt dhyat dyIRE TRRPRIER e, HRSGAE B BETa plalflet Fordisd ACoRing iRt her
enbodirent ...t he thi ckness, of, , the interfaci.al hesi gn. heati.ng | ayer 13 may
range tﬁgﬁRBBﬁ* uyemEnt- A Jprase agipuRt O?%Bln%‘?gﬁr%‘dﬂ? It 2‘1 i st ance
material. |l ayer./18.i S. a on the interfagial hesi .0 eat,i ng | ayer 13
it rerReBEergh TN RTHETNR wheh £ aier rand, 07 PAN'GE b st Yt ed
enbodi negt,gq}the vari abl e .Ié I St an 3 terial layer 18 is a chal cogeni de
mat er iRIPAUSEHER 2 HENNER$iy 29 ',1"‘16 @mani um anti nony-tel | uri de, Ge2Sh2Te5
(GST). The phase change nmaterials can also be or include other phase change
materials, for exanple, In-Se, Sb2Te3, GaSb, InSh, As-Te, Al -Te, GeTe,
Te- Ce-[0817] | n- 9p-one, enveodimens, theghicknesg of the igterfasial adhesion heatiug lager 13,
I n- Sb-Ge, Te-CGe-Sh-S, Te-CG-Sn-0O Te;CGe-Sn-Au, Pd-Te-CGe-Sn, |n-Se-Ti-Co,
Ge- Sbmay rahgetet@perrabay, 5 Sdorbowt 504, Ingnothesembedingenistheshickaessaf- Sn-
Sb-Te, Ge-Te-Sn-Ni, Ge-Te-Sn-Pd, and Ge-Te-Sn-Pt. FIG 2 shows the, phase
changéhe irderfagiabidhvasion Henting layert 18tmay nange betweéreabeuti 2004 ¢o absttsilahce
material |ayer 18 has a portion 19 that is in the anorphous state, while
the rest of the variable resistance material layer 18 is in the crystalline
st at e.[0018] oneAaniiablenesistarich enatarialdbyer 18ds amtagedon the interfacial adhesion

heating layer 13 within the opening 36 in the third dielectric layer 26. In the illustrated

embodiment, the variable resistance material layer 18 is a chalcogenide material, such

as, for example, germanium-antimony-telluride, Gez2SbzTes (GST). The phase change

materials can also be or include other phase change materials, for example, In-Se,

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-S5n-Ni, Ge-Te-Sn-Pd, and Ge-Te-5n-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),




mat eri al Ira;}erwl;ér rraywl;)e rabout 800 A thick. [0019] Atop electrode 14 is
arranged on the variable resistance material layer 18 wthin the opening 36

in the third dielectric |ayer 26. The top electrode 14 nay be forned of any
sui t abl eWORRRTI%e material, such as titaniumnitrideP ‘Fyﬂf§)29086’5?_7|25V\0

2008/ 147595 PCT/ US2008/ 059725 titaniumalum numnitride (Ti ALN),
titaniymtungsten (Ti W, ,plati (Pt r tung W, a ot hers. The
interfl m%’é“’é%‘i“é@"\ﬁ%%@g @Al&iﬁt%&m—&@s@g} @é@f}epl.(aggpgq g;r)tggr tungsten; al

| ayer and the top .electrode 14 are arranged within the opening 36 in the
third éﬁ?’b@a&% @ﬂlﬁasfjiez&ter?ﬂswé@éhﬁsmmz‘e@w qué&il%he vayablgipgistaned be
arranged to extend over the top of the third dielectric |ayer 26. In one
enmbodi meterial dayer (18 and) the top alecrade 4 precarsanged withindhewpering 3foipthe The
various dielectric layers 22, 24, 26, 27, 28 may be formed of an insulating
mat er i Hirddielectric layenré, dwweyey. the sopplectrode thooulitalsodessanrsngdd tosxteridha

oxi des; hiﬂg‘h t enper at ure_ﬁgol yners; low dielectric materials; insulating

gl ass; over thaaep ef theghjrdl diefecigic layere6dilnione enibodiment, ithe tapseldctradd & m t he
various dielectric |ayers 22, 24, 26, 27, 28 may be the sanme or different
anong triay Heabeus 600 Aohick. The interfacial adhesion heating |ayer 13 inproves

t he adhesi on between the second dielectric |ayer 24 and the variable
resi stance material |ayer 18 and nay therefore inprove long term

rel i abjg00ly ofTheRarivesdielectie@rers 22).2426) 2%, 28 myy bbéornhed)bf ar BEnRitigur e

cycling and heat-induced volume change and stress are integral aspects of

the deyia¢gidlsQeeasanexide (@) ewg,rmﬁ@am&ﬁamsmﬁqﬂhhmr@dmé@ﬂpgﬂ ts have been
descri bed above. [0022] F GS. 3A-3C illustrate one enbodi nent” of a method

of fabyd | S . bl : ' 2. No
parti CEI r rggggﬁabﬁgﬁ?gﬁw g for ¢ gﬁagai éis,%ﬁﬂ?ﬁﬂg éf&sé, drﬁ'ﬁédlé’ﬁﬁé’pbl}nﬁr@
The dielectric material used to form the various dielectric layers 22, 24, 26, 27, 28 may be

the same or different among the layers.

[0021]  The interfacial adhesion heating layer 13 improves the adhesion between the
second dielectric layer 24 and the variable resistance material layer 18 and may
therefore improve long term reliability of the memory element 10, especially when high
temperature cycling and heat-induced volume change and stress are integral aspects 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




of the actions described herein, except for those logically requiring the
results of prior actions. Accordingly, while the actions bel ow are

describ | performed in a specific order, the altered
i f desi?gg%?ﬂg’gz As shown in FIG 3A the first diel 20 2’5%’?§22 i s
formed over a substrate 20 by any suitable technique. The first conductive
met al digkRtriciaybsod QB oMbértidhal PRofolitd n%h tHIRS/ bdrlied Yepositi
PCTIU82008/059¥25 d%ggectrégilaygr 22 ué?a %%%veﬁ%ional g%gtglp?hography,

et chi et a%{s}ﬁ [ : qugmﬂ chani cal polishing (CW)
techn?%bdeés}.ke 0 2’2? gﬂg\?ﬂﬁslllw%&@ 3B, thléégéaecond dielectric layer 24 is

formed over the first dielectric layer 22 and the first conductive netal

I A : : : . : . 4
e, Bl ARSI G B RESd L ab SRR A AR bl BT

t echni L chi . A2 4 it hi
the opoesy i Bt h BRIt g AR AR L 7t 8Pembe A5 g ™ 1
Chemi cgl | cal. | i shi b . flat

the t dpesaRFELdesetis BYeh of pith dteistavi i ok spiecBratfBf fvale "3 “The
interfaci al adhesion heating | . L i abl iSt, terial

| ayer oAt P Eice OrSEREIR TG o B UG e R e, ¢ he.
heat | g hgy B opeRing Wl U eleabicel KB FHIbL the e P 143y 5. CHCENELt he | op |
el ectrode 14 are_then etched using a conventional photolithography and 3
et chi ngechagtical polishingimayba usedhtaxformraflatupper surfareen thetopspetaceef the f or ned
over the stack. A CWP technique nay be used to expose the top el ectrode 14

and pllottometectiodet]l@p el ectrode 14 and the top surface of dielectric |ayer

26. Exanple 1. [0026] The resistance of a nenory el enent using a 1000 A

t hi ck GST phase change
[0025]  Asshown in FIG. 3C, the interfacial adhesion heating layer 13, the variable

=

resistance material layer 18, and the top electrode 14 are sequentially deposited over the
second dielectric layer 24 and the bottom electrode 12. The interfacial heating layer 13,
the variable resistance material layer 18 and the top electrode 14 are then etched using a
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.



material w thout an interfacial adhesion heating |ayer was conputer nodel ed
for the SET state. The c-GST layer had a resistivity of 7.5 mlli-Chns.cm

The top r was 1000 A thick TiN. The bottom el 000 Ain
hei ght a‘ﬁheﬁ%’“ﬁ?ﬁ%n diameter TiN. The resistance of t §&h§g@|8@?9§?%rrent in
the SET state was approximtely 200 Chns. 8 IL WD 2008/ 147595

PCT/ US2 R90725 Exanple 2. [0027] The resistance of a nenory el enent

using a 1000 A thick GST phase change material and having an interfacial
adhesi on heating | ayer was conputer nodeled for the SET state. The c-GST

phase, fende ThE 8l ebnfod iy et el P00 Ay RTST ke e,

wws 1050 AT pEVEng Afisfe ERANRMER HHRy bt Db Bl 7,00 T oce
o T, TG R el e SRR £Pta 9% HOpfemE U T
phase. Doty &fad0 Adaickriertirial el Bitaplhgmovss SERIBL: i ng thar the
B L R e e
o r IBE: Hebs0 NBUS diamets TS Thsiseenrant B Hasory Feperbiats 9, [ 0025
The resistance of a nemrégibg&ent using a 1000 A thick GST phase change

mat er | $ptewanpproximatglyes, sadiesqusren dgnsifpdisgikutionsh itler nodel ed

for the RESET state. The resistivity of c-GST phase change material was 7.5
mi | | i -latersl @anrent spread in the interfacial adhesion heating layer, while current

distribution in the c-GST phase change material was similar to that of Example 1,
indicating that the interfacial adhesion heating layer will not affect the shape of
programming volume and will only provide localized heating above the bottom
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 106 Ohms. The current density distribution mostly concentrated in a

300 A a-GST region before it spread out.

Example 4.




The resistivity of a-GST phase change material was 7.5 x 101 m|li-Ohns.cm
The top electrode was 1000 A thick TiN. The bottom el ectrode was 1000 A in

hei ght in diameter TiN. The resistance of t ment in
t he RESé&gszﬁ&ag(lg%\kgs approximately 2 x 106 Chns. The c%??ie{ﬁg&ééﬁgz y
distribution nostly concentrated in a 300 A a-GST region before it spread

. | ' :
out ﬁg%yeeﬁ%geﬁ%ét%n(g(&%é% aﬁfﬂh%gqgg%?ﬁk d9105%se Thengees! st ance

of a a 1000° A thick ange - mater| and

eseT aparal S hArR arfI Rl AORR Gl en € e R Wit e B Aol O T
w111 R RESET statgo T S8kl O GTINASY dRitRREnFRERR R el B OMBE g 1 ayer
of act rtositvinp b aA3T pHeEe sheRee BBHITRES 78R sb2MNEPhRisEinTiBe oot crance
of (e SRy PLSET A e RESEL Bt s SoBUIBEELY, 2 crds, (e,
s i A o el G 0 Lo o
V\/ereg(e!Bﬁ%!ig&i%gg% reg%’ﬁ@é?ﬁ SnerBpBr element ﬁbﬂﬁ&@ﬁﬁs@ Wyt h bet ween

the various materials that npy_be wused.in the described enbodi nents. The

r esul tappapximately Zoe 0wy phntiamioexampled,the current density distribution

mostly concentrated in a 300 A a-GST region. The lateral current spread in the

interfacial adhesion heating layer was small, leading to only a small cell resistance

change.
Example 5.

[0030]  Nanomechanical four point bending measurements were conducted by 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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WO 2008/ 147595 PCT/ US2008/ 059725 Table 1. Materials Tested Adhesi on Energy
(&) 0/mM) SIN/ ¢c-GST 0.7 to 0.8 TiN/ ¢c-GST 2to 3 SiN/ a-GST 3 to 4
TiN/ a- 14 TiN/ c-GST (DC sputtered) 3.6 1. (RF
sputtered) 138?1&8)54 SiN/ c-GST (heavy pre-sputter) -ZJP(S:-EJWO%@;/ c- GST
(heavy pre sputter) -2.0-3.0 TiN/ c-GST (RF sputtered) -1.0 TEOCS / a-GST
(RP sputtered) 0.2 TEOS / c-GST (Rraewitered) 0.3 SiC/c-GST (RF
sputtered) very weak DARC / c-GST (RF sputtered) very weak LSO/ c-GST (RF
sputtered) 1.2 A1203/c-GST >1.5 TEOS / ¢c-GST < 0.5 ]0031] FIG 2 only

depi ctfs an exam:fl/_[g ry element 10 her designs
of the¢—renory—eter t&fﬂl@Té@ﬁ?w por-at+ t ..cq?%ié}?g?%ggg%l ng
| ayer |13 are possi 4c-q‘§g‘,r exanpl e the first met %Qfér 15 may be
rearranged, om ttqqiN/@GS'subst ituted as required fmtd@e in a _part I cul ar
menor {devite.  T0g3] UrTents ey [ar SO enpi oy g? gr nmore tayers| of
ot her lvariabl.e [@;iéﬁggsg materials. as the variabl®93%sistance nmateri al
| ayer |18. The thi diiNgssGBT the variols |ayers maylbtohbdified as desired to
account for A 0 errent of the elenents d desired resistlances.
Exanplles-of m!ﬁ'@;ﬁﬁﬁ ancelmterials igif}?
TiN / ¢-GST (RF sputtered) 1.1+04
SiN / ¢-GST (heavy pre-sputter) ~2.0-3.0
TEOS / ¢-GST (heavy pre sputter) ~2.0~3.0
TiN / c-GST (RF sputtered) ~1.0
TEQS / a-GST (RF sputtered) 0.2
TEOS / ¢-GST (RF sputtered) 0.3
SiC /c-GST (RF sputtered) very weak
DARC / ¢-GST (RF sputtered) very weak
LSO / c-GST (RF sputtered) 1.2
ARO3 [ c-GST >15
TEOS / c-GST <05

[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 reatranged, 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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i ncl ude such as netal doped chal cogeni de gl ass and those variabl e resistance
materials discussed in various patents and patent applications assigned to
M cron T\%gh%)l o?%i 11 WO 2008/ 147595 PCTI US2008/ 059725 | nc., including, but
not i m YOLFHIHE 1ol I owi ng: U S. Patent Application I;qg_’rq%yoyz@g?@@& u. S.
Patent Application No. 09/853,233; U S. Patent Application No. 10/022, 722,

u. S t | i | ’ . | QR 4 .

007 058 Geg 18 iAol el G5 Bo R, SRPIERTN KR 17SA  cati on
No. 09/ : Ot n i, i 93, 1 teent

Aol i At DRERGAPEIFatTAR o BRERL IS RiteipoRatPRNR 072186, U s
Pat ent | \ cat i ) 129% S, Patent 872, pU. S Patent
o 1 AP ARG Dree, TReRS P20 Fricte AuiRRlon Rig, ORBES O U Spalent (7
Pat ent | i,cat,i.0 0; U Jat ent I.Cat.i .. 10/ 622, 482;
Us " phpBlcatkpn S o o, RGOS mabt ApplicafpiRoR00BALSIE I B ReREh No

10/ 819, 315; .U. S.. Pat ent lcatio . 11/ 062, 436; Pat ent l'ication
No. 1@3816@@1&03@&?%'5@%? ﬂaﬁl-i’ﬁfenﬁxg&[\ﬁ’@ﬁw% %Qﬁggﬂ?@iéo&t@heﬁfscl osures
of each of which are incorporated herein by reference. E’OOBB] FIG 4

1 | ustABPbeAtion Ne oI, oD Fatent Apalisniiondia. AUEI32PY; UScPalentlpst ance
vari abl e random access nmenory device 840 containing an_array of nenory

el enentO0AB72: U Patent dpplication &a. 38362503 dJ 5 FatenbApplisiont NoF| Gs. 2” and
3A-3E. The processing system 900 includes one or nore processors 901

coupl €d/230,R7} UsaPatand AgrplicationiNe 09/943,39¢; b 51 Ratenoa pplicationgNprmar y bus
bridge 903 are al so coupled the |local bus 904. The processing system 900
may i rié/6R2et82uULS. Patentréypplication Noo 10681590 1) Sritatent Applicatiom Npri mary bus
bri dges 903. The nenory controller 902 and the primary bus bridge 903 nmay
be i ntid818;3d8; BS. Patant dipplitetion ND 01/06,4864] .S PatenteApplicationt Nol | er 902 is
al so coupled to one or nore nenory buses 907. Each nenory bus accepts

nmenor y10¢899r010emid UM Patertri Agpplicatibti o. 40/796 /260, the disttosuirss of each of which

are incorporated herein by reference.

[0033]  FIG. 4 illustrates an example processing system 900 that utilizes a resistance
variable random access memory device 840 containing an array of memory elements 10
constructed as described above with reference to FIGS. 2 and 3A-3E. The processing
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
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devi ce 840 described herein. Alternatively, in a sinplified system the
menory controller 902 may be omtted and the nenory conponents directly

coupl ed ‘gﬁ&&%ﬁ“g’rﬁ nore processors 901. The nenory conpgg@gg(ﬁ)slg%zﬁmy be a

menory c menory nodul e. The nmenory conponents may 1 nclude one
or nore additional 12 1! WD 2008/ 147595 PCT/ US2008/ 059725 devi ces 909. For

exanpl devitds90ndHoOt examapled e additiofaldatite 909 might bbiagiondigueatioremetory. The
menory controller 902 nay al so be coupled to a cache nenory 905. The cache

menor yTid ey RentrbBerdiymeapalie beroupled to d deh@neesy 903, Thelcathe
Al ternatively,” other devices, for exanple, processors 901 may al so include

cache fBRRIY 965 giﬁitbe‘efr}]hs%yyé&hmn@exﬁ@?r@ thé?&@de@ﬂﬁg '§t@n98&h@nﬁﬁv@1§r 905. If

t he processing i nclude p phefal s or~“control |l ers whi are bus

MASt er Sthef d%&&bfo?%l@ﬂf e, Pro&ibors TR A6 Bichudd¥Mdhe nhdifiofBIWhHicieont r ol | er

902 may | npl ement a cacheé ‘coherency protocol. If the menmory controller 902

'S COUIBB??OIIDQ a%aﬂeélfi?fd&?y}a%i%§ ine 0891¢ thegﬁﬁglef‘g@g%\éteﬁ’ﬂ% 07 may be

operated’in para réss range mapped to

iy T T
devi cBRapY Aot (0, R mBo b R Efhicro0s By BRHeBREE A codlilcohtfngl dev ce
oo o RRRl ke B Yot T BT oo BBt T e
exanpl @ch iRkt Bay BedeerBnd mpamlcher diieraptad Geat Baees agHes Port
(AGP), used to _couple a hi ggg performance video card to the processing

syst erfapped entRemoERY AUEESA8hAt rol | er 911 coupl es one or nore storage
devices 913, via a

[0035]  The primary bus bridge 903 is coupled to at least one peripheral bus 910.
Various devices, such as peripherals or additional bus bridges may be coupled to the
peripheral bus 910. These devices may include a storage controller 911, a miscellaneous
I/O device 914, a secondary bus bridge 915, a multimedia processor 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 IfO 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 setial 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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storage bus 912, to the peripheral bus 910. For exanple, the storage
controller 911 may be a SCSI controller and storage devices 913 may be SCS
discs. T. I ice 914 may be any sort of peripher l e, the
/0O devi@@zﬁqs%"géé be a | ocal area network interface, ?&gﬁ[@é‘)@ﬁ%her net
card. The secondary bus bridge may be used to interface additional devices
vi a angiunercabdsa videbreprireeert; ongng velice Wypd-of mediarinteefacehwhichanapdpoy bus
bri dge nay be a universal serial bus (U port controller used to couple

USB detyd 18d fo 4@ditidRaPdOAESTUDH as ¥pdXer 0. THedegatyldeRe intdfRe93§0r 918
may be a 13 WD 2008/ 147595 PCT/ US2008/ 059725 sound”card, a video capture

card, BlusadiYo &slggg 1{3@ doVicee 92 ,fbf‘é)&&ﬂéﬁé,#géﬁﬂetgféd%%rbébﬁ% ardemeeuR) ed to

addi ti onal devi as speakers 919. acy device interface 920 is

used t "g%@fe}‘n ices 921, for exanple, older styled keyboards and
m ce, ?‘Sﬁﬂgﬁéé’g%‘ ocessl ggol'system 900. [0037] The processing system 900

illustrated in FIG 4 is only an exanple processing systemwth which
enbodi s d ribed .herei . - hl e Fl 4 | trates.a

ot ocesPn” ar AhF PO EyEa 2 DestiBlin B Fisoriafl bl BB o o1
such as_ai rsenal cpnputer, qr a.wqrkst.atio I t l.d ogn| zed t hat
ool 1 st B TR erBRORI Gt BescdimbansTel matos Wed VB 21G 4 AR kEC 000
to becone norel ui tabl e for use.i vari ety of applications. .For exanple,
many o BEQGESHG atidiectue Grpeciallycuiinble TF 8 8eRePhBUTRHSE SRMBHF e S &R Usi ng a
sinpler architecture which rel,ies .on CPU 901 cqoupl ed.to nmenory conponents
508 arRETSakaRBIRter ehpmOTkstatioh tkshopd be TeRogBiZef Akt WAl kNGB cos may

i ncl ude, but are not Iirg’ted t a%r%o/vi deq processors %gd recorders, |
gani ngMediiatiens can be madeite ceniiguis the pracessing system Y0tebeseme M@ghones, "
navi gation_devi ces (including system based on the glqbal positioning system
(GPS) suitableforiuse in a yprigtrefapplisationsa dier exgmnple manysleeraniadeyicesecor der s.

The nodifications may include, for exanple, elimnmnation of unnecessary
conponwhich reguire processing maebe tnplesmented ising asimpler @uchitectureavlvich reliesgr at i on

of a plurality of devices.
on a CPU 901 coupled to memory components 908 and/or memory elements 10 (FIG. 2).

These electronic devices may include, but are not limited to audio/video processors and
recorders, gaming consoles, digital television sets, wired or wireless telephones,
navigation devices (including system based on the global 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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[ 0038] The above description and drawi ngs are only to be consi dered
illustrative of specific enbodi nents, which achieve the features and

advant a iobed herein. Wile enbodi ments descri ' ovi de
good adﬁgéﬁ@ﬁﬁgg?aeen a GST material and an eIectrodepgggggﬁégaygéuce a
RESET current, they also have applications to inprove adhesi on between

| ayer $op ¢ i EardRAy ibg;eg, b6 of

chal cgogﬂgﬁ?fglg}%g?ﬂgﬁﬁg?hﬁé{rgﬁrﬁs?ﬁgs t he vg];riﬁlggl r ggﬁegﬁgncg@?ﬁg}]ﬁ?.
Modi f p@hkon and substitutions to specific process conditions and
structures can be made. Accordingly, the enbodinents are not to be
considered as being limted by the 14 WO 2008/ 147595 PCT/ US2008/ 059725

f oregoi ng description and drawi ngs, but are only Iimted by the scope of the
appended clains. Ih~ 15 CLAIMS What is clained is: Il 1. Aresistive
menory device conprising: a first electrode; an interfacial adhesion heating
| ayer having a first surface coupled to said first electrode; a resistance
changing material having a first surface coupled to a second surface of
said interfacial adhesion heating |ayer; and a second el ectrode coupled to a
second surface of said resistance changing material. 2. The resistive
menory device of claiml1l, wherein said interfacial adhesion
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heating |layer is fornmed of at |east one material selected fromthe group
consisting of TaN, Ti AIN, AlPdRe, Hffe5, TiN Sn, PBTe, Bi 7Te3, A12C3, A-C,
Ti OXNY, Ti Al XOY, Si OXNY, and Ti OX. 3. The resistive nenory device of claim
2, wherein said TaNis an Nrich TaN, and said TiAINis an N-rich Ti ALN. 4.
The resistive nenory device of claim1, wherein said first surface of said
interfacial adhesion heating layer is also coupled to a dielectric |ayer. 5.
The resistive nenory device of clai GIAAIM8erein said dielectric |ayer
conprises at |least one of an oxide, a silicon nitride, an alum na oxide, a
high tenperature polyner, an insulating glass, and an insul ating polyner.
6. The resi $HaVR MBARAYs:device of claim 1, wherein said interfacial adhesion
heating layer is about 5 angstrons to about 50 angstrons thick. 7. The
resistive menory device of claim1, wherein said resistance changing

mat eri al co ris 858 GST ma Y .8. The resistive nenory device of

1. 16
claimi, t her cfSWPVesrP%O’Xr 3P§€°m88ﬂa%rct| ve layer coupled to said first

el ect rode and a safFPeRcgongductive |ayer coupled to said second el ectrode.

9. The resistive nenory device of claim1, wherein said first el ectrode and
sai d second el ecar mmfacmﬂmdhes@némaﬁr@syerdxamngfa firstt smnfacerequipled tdsaidt i t ani um

al um num ni ﬁri{%g t(i taniumtungsten, platinum and tungsten. 10. A resistive
menory devi B ﬂf) ®sing: a first electrode; at |east one dielectric

material |ayer hawdsReinddcloR@iigHateNAhatiab@ frkt'sttfacelRpleddad@isecond
surface of said interfacial adhesion heating layer; and
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;Te3, Al,03, A-C, TiOxNy,
TiAlLOy, SiOxNy, 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.

5. The resistive memory device of claim 4, wherein said dielectric layer
comprises at least one of an oxide, a silicon nitride, an alumina oxide, a high

tempefature polymer, an insulating glass, and an insulating polymer.

6. The resistive memory device of claim 1, wherein said interfacial adhesion

heating layer is about 5 angstroms to about 50 angstroms thick.

7. The resistive memory device of claim 1, wherein said resistance changing
material comprises a GST material.
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an interfacial adhesion heating |ayer within said opening and in contact
wth said first electrode; a GST material |layer within said opening and in
contact with said interfacial adhesion heating |ayer; and a second

el ectrode in contact with said GST material. 11. The resistive nenory device
of claim 10, wherein said second electrode is arranged within said opening.
12. The resistive nenory device of claim 10, wherein said interfacial
adhesion heating layer is forned of at | east one material selected fromthe

group consigtin of . i ri.ch. Ti Al PdRe. Hf Te5, Ti Ni Sn, PBTe,
Bi 2Te3, A1203, gA“@ CS%WI%%V%? cgf%%whﬁ?\%‘”ﬁﬁ’r&in?g ifEFS?The resistive

menory devisadadtivell@teficdibledddasard firssdedrodebid b 8&doall cafirtvemyeheat i ng | ayer
is about 5 angstrons to about 50 angstrons thick. 14. The resistive nenory

devi ce of cqoupled tosaidpesond glestipde. i nterfaci al adhesion heating layer is al so
coupled to a dielectric layer. 17 15. A resistive nenory device conprising:
a first electrode; an interfacial adhesion heating |ayer having a first

surface in %ont alle rebibtive Manoryfdeikk of tlRalh 1 pdRereadatll fiRkt eleétesdealndadhesi on
heating | ayer forned of at |east one material selected fromthe group

consi sti ng 8id spaend gectrode campeiseat legst e of titaniprgrnitrigTidtanBPTe3, and A1203,
A-C, Ti OXNy, i AL Oy., - S émﬁ{[ k | . terial having a first surface
i n contact a\/lvl ‘rﬁa{lqsﬁgclz%hg Uy g@%s%k’%%q@"f%%gﬁgg{e& adhesi on heating | ayer;
andl a second electrode in contact wth a second surface of said GST
material. 16. The resistive nenory device of claim 15, wherein said first
el ectrode i). A resistive memory devicé 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.

11.  The resistive memory device of claim 10, wherein said second electrode is

arranged within said opening.

12.  The resistive memory device of claim 10, wherein said interfacial adhesion
heating layer is formed of at least one material selected from the group consisting
of N-rich TaN, N-rich TiAIN, AIPdRe, HfTes, TiNiSn, PBTe, Bi;Tes, Al,O3, A-C,
TiOxNy, TiAlOy, SiOxNy, and TiOx.

13.  The resistive memory device of claim 10, wherein said interfacial adhesion

heating layer is about 5 angstroms to about 50 angstroms thick.

14.  The resistive memory device of claim 10, wherein said interfacial adhesion

heating layer is also coupled to a dielectric layer.
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surrounded by a dielectric layer and said interfacial adhesion heating |ayer
is also coupled to said dielectric layer. 17. The resistive nenory device
of claim 16, wherein said dielectric layer conprises at |east one of an
oxide, a silicon nitride, an alum na oxide, a high tenperature polyner, an
insul ating glass, and an insulating polyner. 18. The resistive nenory device
of claim17, wherein said dielectric |ayer conprises SiN. 19. The resistive
menory devi ce of claim 15, wherein said interfacial adhesion heating |ayer

is about 5 gngstAg&%ﬁtvgﬁﬁe%p&%dg\qc@m £ thick. 20. A nethod of formng a
menory el enent, ‘the netho g‘g yr

conprisrn mng a first electrode; formng
an interfaci al adfissélegtrddeati ng | ayer having a first surface coupled to the
first electrode; formng a_resistance changing materjal |ayer having a first
surface coupl ed aniptepfagiakadhgsion heating layer havng A fisst suidacs in gapf@st With heat i ng

I X d ) - f f th
o2t st ance S sl raRinfer il AARsEAYGAGEE s Tom iR RULLAES O or e
a di el ect r imatedylaelected fiotimhe gasuplootisistinglof TaN, dli AN, AlPdRA/METeen heat i ng

| ayer, said_resistance. changing material layer. and said _second el ectrode.
25 “The" et DR PEIEADia 2 SGAGCS f-Gal 0 diebOr ONRy@nd dgpr 1 sos at | east
one of an oxi de, [ DL l.ym ! I erature
polymer, an i nsau %’?{é}d&&gﬂgg\'ghé gn Stéﬂﬂ?‘%slgI%g@?ﬁg%lgggffleﬁg?&k%cte$ﬁg met hod of
cl ai m 20, vhiliaierfasial sihesibe héamigdhydneaidi ng | ayer, said resistance changing

material |ayer, and said second el ectrode are fornmed in _a stack
a second electrode 1n 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.

17.  The resistive memory device of claim 16, wherein said dielectric layer
comprises at least one of an oxide, a silicon nitride, an alumina oxide, a high

temperature polymer, an insulating glass, and an insulating polymer.

18.  The resistive memory device of claim 17, wherein said dielectric layer

comprises SiN.

19.  The resistive memory device of claim 15, wherein said interfacial adhesion

heating layer is about 5 angstroms to about 50 angstroms thick.

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

forming a first electrode;

forming an interfacial adhesion heating layer having 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.
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by depositing and etching an interfacial heating |ayer material, a

resi stance changing naterial, and a second el ectrode nmaterial. 24. The

nmet hod of claim 20, wherein the interfacial adhesion heating |ayer is
formed of at |east one material selected fromthe group consisting of TaN,
Ti AIN, Al PdRe, Hf Te5, Ti N Sn, PBTe, Bi 2Te3, A1203, A-C, Ti OXNY, Ti Al xOy,

Si OXNY, and TiOx. 25. The nmethod of claim 20, further conprising formng a
dielectric layer around said first electrode, wherein said first surface of

Taver. 26, e tnantion ofeae 200 ng Bl gtReB RoE RBHAR iBuRfuy o < 7T ©

i nterfaci al intétHots hdtesivadichiigy lafdiesaid fesitdnbé ChangmE MiteidlQater Sandigilt r ons to
about 50 angstrons. 27. The nmethod of claim20, wherein said resistance

changi ng natesppdelectesiepri ses a GST material. 19

22.  The method of claim 21, wherein said dielectric layer comprises at least
one of an oxide, a silicon nitride, an alumina oxide, a high temperature polymer,

an insulating glass, and an insulating polymer.

23.  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.

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, Bi;Tes, Al,03, A-C, TiOxNy, TiAlkOy, SiOxNy,
and TiOy.

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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