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pulse) is applied through the conventional phase change memory.element 1 to melt at least a

portion of the phase change material 8 covering the first electrode 2 for a first period of time,
The current is removed and the phase é:hangc material 8 cools rapidly to a temperature below
the glass transition temperature, which results in thé portion of the phas'e change material 8
covering the first electrode 2 having the amorphous phase. To obtain a crystalline state (FIG.
1A), a lower current write pulse (a set pulse) is applied to the conventional phase change
memory element 1 for a second period of time (typically longer in duration than the first
period of time and crystallization time 6f amorphous phase change material} to heat the
amorphous portion of the phase change material 8 to a temperature below its melting point,
but above its crystallization temperature. Thés causes the amorphous portion of the phase
change material 8 to re-crystallize to the crystalline phase that is maintained once the current

is removed and the conventional phase change memory element 1 is cooled. The phase
1
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exenpl ary enbodi nents provided below with reference to the

acconpanyi ng draw ngs iBREBFEUMMARY OF THE INVENTION
[0006] ' Exemplary embodiments of the invention provide phase change memory elements

and methods of forming the same. An exemplary memory element includes a substrate
supporting a first electrode. An insulating material element is positioned over the first
electrode, and a phase change material layer is formed over the first electrode and
surrounding the insulating material element such that the phase change material layer has a
lower surface that is in electrical communication with the ficst electrode. The memory
element also has a second electrode in electrical communication’ with an upper surface of the

phase change material layer.



[0008] FIGS. 1A-1B illustrate a conventional phase change nenory

el ement ; WwBGePHELde». 2A-2B illustrate partial cross-secppi@boodnsriss
partial top-down views, respectively, of a phase change nenory

el enent constructed in accordance with an exenplary enbodi nent of the
invention; [0010]FIGS. 3A-5B illustrate partial cross-sectional and
partial top-down views of an exenplary nmethod of fabricating the
phase change nenory el enment of FIGS. 2A and 2B; [0011] FI GS. 6A-6B
illustrate partial cr BBIBERESGRIPTIONOFITHE BPBAWENGS/i ews,
respectively, of a phase change nenory el enent constructed in

accor daod wi The forepciogdndxéhepladvantages @dd features bf thednventientwillihecome

0012 A L1J ustrat ar.ti.al _gross-ssecti,onal and . .
bar ¢ BrorEaped o g Slhitid «BRBRIR of SRR St Rae R Rrevided elow with
phase refesange tontecyorapaiyeng deiviigsGh. widéh.and 6B; [0013] FI GS. 9A-9B
I 1]ystrate partial cross-sedtional and partial top-down views, °

r espe¢o0083| y, FIGS.am-dBr illyispita aeoffetional fHaee yheige Mihéry@@éaddtuct ed in

accordance with-a third exenplary enmbodi nent of the invention;

(0014]6009%. 1PAGS. AR iUabtidt afial tioss-sevtioBsl HAGiat®d1abp-ABGn R, al

t op- down Vi ews, . o
respectively, of a phase change memory element constructed in accordance with an

exemplary-embodiment of the invention;

[0010] FIGS. 3A-5B illusirate partial cross-sectional and partial top-down views of an
exemplary method of fabricating the phase change memory element of FIGS. 2A and 2B;

[0011] FIGS. 6A-6B illustrate partial cross-sectional and partial top-down views,
respectively, of a phase change memory element constructed in accordance with a second

exemplary embodiment of the invention;

- [0012f FIGS. 7A-8B illustrate partial cross-sectional and partial top-down views of an
exemplary method of fabricating the phase change memory element of FIGS. 6A and 6B;

[0013] FIGS. 9A-9B illustrate partial cross-sectional and partial top-down views,
respectively, of an array phase change memory elements constructed in accordance with a

third exemplary embodiment of the invention;

{0014] FIGS. 10A-10B illustrate partial cross-sectional and partial top-down views,
respectively, of an amray phase change memory elements constructed in accordance with a

fourth exemplary embodiment of the invention;

{0015] FIGS. 11A-11E illustrate partial cross-sectional and partial top-down views of an
array phase change memory elements constructed in accordance with a fifth exemplary
embodiment of the invention and an exemplary method of fabricating the fifth exemplary

embodiment; and

[0016] FIG. 12 is a block diagram of a processor systern having a memory device
Incorporating a phase change memory element constructed in accordance with an exemplary

embodiment of the invention.



respectively, of an array phase change nenory el enents constructed in
accor danogowdimzgeshour t h exenpl ary enbodi ment of the i npeniuisemy/07188
[0O015]FIGS. I1A-11E illustrate partial cross-sectional and parti al

t op-down views of an array phase change nenory el enents constructed
in accordance with a fifth exenplary enbodi nent of the invention and
an exenplary nethod of fabricating the fifth exenplary enbodi nent;

and [0016]FIG 12 is bl ock di agram of a rocessor system having a
menory devi ce incorpyié' MQ%&QM&Q K@lm‘éonstruct ed
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scope of the invention. [0018] The term"substrate" used in the
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supportive materials as is known in the art.

[0019] The invention is now explained with reference to the fi gures, which illustrate
exemplary embodiments and throughout which like reference numbers indicate like features.

FIGS. 2A and 2B illustrate an exemplary embodiment of a phase change memory element

100 constructed in accordance with the invention.

[0020] The phase change memory element 100 includes a substrate 10 having a first
dielectric layer 12 formed thereon, and a first electrode 14 formed in a via 24 within the first
dielectric layer 12. The phase change memory element 100 also includes a nitride element 16
formed over the first electrode 14, and within a phase change material layer 18 that surrounds
the nitride element 16. The phase change material layer 18 is itself surrounded by a second
dielectric layer 20. The FIG. ZA phase change memory element 100 also includes a second
electrode 22 formed over the nitride element 16 and in electrical communication with the

phase change material layer 18.



exenpl ary enbodi nents and t hroughout which like reference nunbers

i ndi cat e wbkgo7fiegdonr es. FIGS. 2A and 28 illustrate an exempksioyoo7iss
enbodi ment of a phase change nenory el ement 100 constructed in
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contact area and the programmable volume of the phase change material results in a reduction

in the amount of current and power necessary to reset the phase change material layer 18.

For example, the current necessary to reset the phase change material layer 18 having a
5



For exanple, the current necessary to reset the phase change nateri al
| ayer 18 Wavhdraizesoo WO 2007/ 1266901" CT/ US2007/ 007188 conpagiustdo®aoats
1.2 X 103 m2 and volune of 5.9 X 104 nnB is approxi mtely 0.5mA as
conpared to the 2mA necessary to reset the phase change naterial of a
conventional phase change nenory el enent, and the power consunption
Is al so reduced to one fourth of that of a conventional phase change
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16b t[‘ﬁoh"ﬁ{r O‘ﬁds'.‘ SaSeRsB illustrate a partial cross-sectional view and a partial top-down
view, reggectivcly, of an intermediate structure 100a. The intermediate structure 100a is
' formed by providing a first dielectric layer 12 over a substrate 10. The first cllielectric layer -
12 is typically etched to create vias 24 (FIG. 2B) within which a first electrode 14 is formed,
The first electrode 14 can be formed of any suitable conductive material, such as
titanium-nitride (TiN), titanium-aluminum-nitride (T1AIN), titanium-tungsten (TiW),
platinum (Pt) or tungsten (W), among othefs.

" [0028] A nitride element precursor layer is formed and etched to produce a nitride
element 16. The nitride element 16 could be patterned to have a substantially disk-like
top-down shape (see FIG. 3B} having sloped sidewall regions 16b to improve the step

6



WO 2007/ 126690PCT/ US2007/ 007188 coverage of the phase change

materi al WeReElzb@p. di scussed bel ow. Al though el enent i’@T)U%ZJO@/W‘ﬁ@h
as a nitride, it could be forned of other materials. For exanple, the

el enent 16 could be forned of any insulating material such as, but
limted to, silicon nitrides; alum na oxides; oxides; high
tenperature polynmers; low dielectric materials; insulating glass;- or
~insulating polyners. [0029] . It should be noted that the disk-Ilike
t op- dGRMETSER pheseechange mpterial ém:tionﬁdmglsn@i bélatwe nsléltbuig elrment 16 is

| eBndd b A WY Jéﬁfdﬁé(@mnﬁurwﬁ efinfte fgokgggr'ﬁ}ﬂ&%i iéhe 1R Ruf

trian ar
bel ow fomadaﬁmwnnmatﬁima&na] tch Iam,lﬂudlmh&d thesiliainadtrides] albhmashanas

side [e..on tiona that the sjdewalls. of the

o o1 St Pty R ha Aibfectriiapdetis? o SiaRp aldircdeitingne
first pelya(ﬁrg.ode 14, linear, non-linear, bowed, sloped such that a top
surface of the nitride elenent 16 has a greater surface area than

t hat @8029] bot XteRbEIUHedRR:d Bht @ams&tm@&oﬁlﬂawm%aﬁmpﬁe nifP3 Qie%&éﬁ% 16 %A
and 4B i) lﬂ&ﬁrgéat t he deposition of a conformal i partiall

conf okt a\wg‘éﬂ&rﬁ&w‘ﬁw &Pf@ﬁ@nﬁiedmmmemml@co haye at he
nitri REFRSHcul®, 6:%&1% e Qimﬁsﬁgérag& %s%&'h@iqvé' PR eéen%ct 513'1%@ 9.
cou e t

dep05|te hase chan erla cogeni de ma

such Eshopldralsobmpat eg thes ihparloppsh sidewaits A 91 arel enly optiowel, and that the sidewalls

ger ma

rcl USEH‘@F“%‘?“;X‘*?#S@ 18RI oIRGB ST SR A as 0,

(e. g. linsgomuplinearfgyved, sloped lsmbt;amaztop Snri8ip/dighe nitddSeleien; 16 h&bie,

Agl nS Qﬁ%ﬂéqg T. h hase change

Mat er ?Pé% fayer coéﬁﬁa?tea%gﬁoou %?En FJegggsL%elg B in the

range bouty |n t he

of ab([)ﬁgogSnm to g oﬁr@ %%Sh%g%ﬂghc& gglg)ns gt atc%gﬁélu% RF & ﬁ}éusagy °°t‘1§'ﬁgﬁ

4A) i nhaSh@harmmatoﬁalammhe SEEJW&IG léb&IG 300 Af thhetridd elahent Eotofbas ehe

chang r er f abou hei ght of

about %EEEM iz‘at:%l%:éfglolsé sect aqpo nﬁe’d&?ﬁ% ansf“%“fﬁ?gfn‘ls;‘ﬁﬁ’

str ucchaicm@mda medtenial, stch aspfor bxmpledgdtﬁxaﬁimm-ahmenjﬂ-wm:itﬂ@dr gbfﬁrlaﬁﬁﬁn-

for e S n be ad sted r th i nt ended

ool | LB bt B F IR RTe SRhes mTialhioH A toH 3 doh SR o SpiFes

18 haea 8, GeSH TSN rGas, GfTe), BoTe (.5, SbARSY, Iigh, Indd, II§,ISb§PéJ S68bhg, of

t he n r ctg ﬁé@pﬁw g%n§% i nt ended to be Ilmtlng in any way.

For oZamy s GBS des e nip e HEent 16 coul d be

| 0\,Ner (}Og?gcu??gcél{fgé urtac t?xggg@a: 1 80 %a‘s.r% ﬁg 23& d% dqaalg‘ngtrer gl(Fllic? y4B) in
the range of about 20nm to about 200nm, a height h (FIG. 4A) in the range of about 25nm to
about 75um, and a cross-sectional thickness t (FIG. 4A) in the range of about 25A to about
200A. The illustrated phase change material layer 18 has a diameter d of about 750m, a

=

m..

height of about 50nm, and a cross-sectional thickness t of about 50A. The structure

parameters are not limited to the above-described values; for example, the parameters can be

adjusted for the intended application.

[0032]  Although, the FIG. 4A phase change matefial layer 18 has a first surface 18a that
is planar to a first surface 16a of the nitride element 16, it is not intended to be limiting in any
way. For example, the first surface 16a of the nitride element 16 could be lower than the first

surface 18a of the phase change material layer 18, as discussed below with respect to
FIG. 6A.



WD 2007/ 126690PCT7US2007/ 007188 [0033] 1t should al so be noted that

the phaseyphara@esdwpt eri al layer 18 need not conpletely potiRsddod7 s
nitride el enment 16. For exanple, the phase change material |ayer 18

could partially surround the nitride elenment 16 to further reduce the
vol une of the phase change material |ayer 18, which may further
reduce the current necessary to switch the state of the phase change
material | ayer qE0034 J]FIGS. 5A and 5B illustrate the deposition of
t he secl®833! di &t @lmuﬂ alsp by @ptedGhathe phase changermatetialleyarrld riceti st r at ed

in FI G§ | aye seguen

ol anars 7 e g AP 86 L1 € cBle e i o038 G  her 15
mat er i eduld pgrtially Surrdinel the mdride eleatdnt b6l & B2thefHte@tce e v@luinéa) the phase
subse entI d o .n cha terial er and

i 01 b flspial e 16 el e R B sBE e peeiliup SyBeh esese
2A antbf2hy phise@BahN mbetighlavéd 1%t rated as formng a single phase,
change nmenory el ement, it should be understood that the illustrations

and dg90B4Pt | FISSAFR AAISE nheetiste thd @epsitioh B tHe \@chil &ebécwa ye 0 Kver
skil | eﬂ%' n.the art will recognize that a plurality of phase change

menor yf PR screilusaated in FIG3.44 and 48 eé‘*@ﬁ@@%‘ﬁﬁé@ﬁé?@ is
si mul ts@B%thlbéhH pRn#iRd 8 (BaRIEY GHBe 6 rguﬁ?&g X é’] aterial layer

mllions phase change nenory el enehts ase c ange
mat er i 18 Thesepongeleatrq ?a@?ﬁﬁﬁezemdézﬂahm@eeqm@y rf@nme.ﬁ aver thefphasel

progr ‘ r
oo e Ralkgial (el [\Pnd B ReaiBbyd £ © il HabO Bl ey Fiifin
the stl0dFEES1heaphaBd change material |ayer 18 involves a reduced

vol unme of phase change material, the switching stability and
consi PRHEY asﬁlﬂpmghalblsaytﬂdr asgormmgtar single pinsh ehingsrmosodryadlemen, jfishowd

Nt er 131 HOBSAaR HEHE Rl G o s Bt aRe Gy FalBSE AR any
el eme lrwa}i ol lvmn shﬁledam thechrt demdglén'?e dra;:] 8 bhx;gl'gy ioﬁ gga@mhhhgeambmry to

: rea
o an R KR Pl BB R oR SRS R 3R BRI FpesBpb it
pr ogr annbbdontdu thestndsrorssi bestdfphaser dangamembheelpmegrsanmabl e vol une,

thereby resulting in the reduction of the programm ng current
requi 16363t . [The PBpdet clmhgmtmitdnml fayeelB ishht acivelphaghchdnge biuteriah @4t f

the p change t er. al FI G 3A) of

the hiGErdEogramaT: Tanfs el b sil Aoy alG G rarse o o1 piombpbs

I nt endedtie by phsirg ahéadting culrea ySined/switching the state of the phase change material
layer 18 involves a reduced volume of phase change material, the switching stability and

consistency as well as cycling lifetime can be improved as the phase state mixing is reduced

[0037]1 The thickness of the phase change material layer 18 on the sidewall 16b (FIG. 3A)
of the nitride element 16 can be varied, depending on the desired application, to greatly
reduce the contact area between phase change material layer 18 and the first and second
electrodes 14, 22 (FIGS. 2A and 2B), the programmable current cross-section area, and the
programmable volume, thereby resulting in the reduction of the programming current

requirement.

[0038] It should be noted that although the thickness of the phase change material layer
' 18 on the sidewall 16b (FIG. 3A) of the nitride element 16 is lllustrated as being uniform, it is

not intended to be limiting in any way.



WO 2007/ 126690PCT/ US2007/ 007188 [ 0039] Anot her advant age of the phase

change neganyoRlement 100 relates to mtigating heat | egsmsiiweooriss
majority of heat |oss in conventional phase change nenory el enents

during the heating process is due to the heat conduction through the
first and second el ectrodes, which have high thermal conductivity; by
reduci ng the contact area between the phase change material |ayer 18
and the first and second el ectrodes 14, 22, the.anount of heat | oss

is ni ti083%kd tﬁenqth@rtaﬁié’nnﬁag@ of tiemhesqrhengamamary clameshiD :[emesapmnganng
" anot a eI at e

he : oaf PREPAERR G e BRI CRAEROHR Tkl GMaRRE el ofefirdls utnk,

deposi theﬂeatn@qn'acme is ﬂnae i the ihdat cehda.mmhshrﬂ:ﬁglaﬂ& ﬂr@traimrkeemﬂ elédft&)cfek r St

el ectr h has teri.al 18 is self- a d over

The 1 PEn btte bEB BRI cRRRRAS S CleSting BleGionfionpitg iine

phase chbﬁg:g@lam‘taﬁfdyaf 18 an@ thelfrstrid ket bR diédtides I £,C12, q@emﬂdhr@ B§ Héa%oss is

that ther eﬁléfﬁ?%b‘r‘el ec rical comunication with both component s.

sel f - dM herirg %Q%P%%@WWPEI | ayer 18 with the fi rst

el ectr sinplify the proceSS| ng and fabrication of the
over al [ﬁg‘gWas e Yh aRgLehadGniags of theph ai@@’“&ﬁ&’% glegepnt 40 elafes to the

thr oughllignmehPRAEIWHIEP thdSphR0En£iZe 'xﬂajtéiﬁaﬁ £ 18 iSRpRNtkE W{ﬂ%” the

enbodi nrent of a phase change 'nenory el enent 200 construc

accor duisice elgments ke arqﬁ%nnpg@mer thp figstrelesapis 14, the pigise ghangerruatedal layer 18
i1l ustig ?élﬁaﬁ%r[%@lréw}eﬂh&ﬁ&% S25dd ﬁf‘@l’leﬁ’ rﬁ;‘ﬂs@é&j PRI A%B&eg.%f%%gm

Vi ew, respe 1 vel ase C nory e errent
phase Wwﬁgf@aﬁm et 18 afy@rthﬁmtﬁhptm@b bhensore whdt|tker2 16an ele@fiealof a

nit r| 23@1‘ , ivelvy. .

Al 't hougﬁ&llt he secon %Bﬁl @ﬁxﬁ%&éﬁﬂ%ﬁﬂhﬁ%ﬁ%ﬂ éﬁosf tﬁlr? @%’%‘Eﬁ tnﬁat?nal

pl anarlayem 18 wiilr e foat cﬁlacteoc&:IBkmajr sﬂrﬂ;&:fptimsmomsang anditeiceton bfthe overall

218, |s not intende ting in an of exanple, the

secon S PEy eIy Sl tﬁgge“?rflﬂgfo VIS é"céj’%‘éﬁ‘é’ [ha’[ is l-ower or

hlgher o t surface .218b has h e

mat er |[a¢maye éA g%*n ULISaR A "ﬂ‘fff‘%’f‘?%fy f & g f%gg%e change

seldf ﬁiﬁfg@@(ﬂmﬁlﬂ A00aonkiesed inSacE&ﬁanceZﬂﬂml tmfinfrémmmhfspbctﬁcﬂlﬁ hrmas &A6

and the ectrode 222 respecti y. [ Q042]. The phase c

moror PR LHtS88 Paf G SrE Rt ERE Vet 08 Rt o PR A SRR B e 2

over a@hssmﬂiangé ey em%k;dgaeo afafnng heéeemhﬁ m:%ﬁﬁl fagmlm fohﬁé&fyﬂ A

secon i e ayer [ or over t irst dielectric |ayer

212 aftf® éfﬁi@%a&?af’ﬁé oftride elempent 816, Haepon e’@&@?@%@ respegyely-

i1l USW&io@gﬁﬁhéX&ﬁhﬂaﬂébtﬂﬁbmd h@§ aﬁ"@é! Rl 220b R if planald 130G KBface

Phase gglg g&emine ry, el enent éqo illustrated in FIGS. 6A and 63. The

first 4 rAkas Shages merial lrwy dde ibipdiot iptendsd e he Mmting imasy way. sfor

el ect epatfpR]theisscdiid slBSkroMd P dultehdvieaSirst surface 222b that is lower or higher than
that of the first surface 218b of the phase change material layer 218. The phase change

material layer 218 is self-aligned over the sidewalls 216a, 222a of the nitride element 216 and
the second electrode 222, respectively.

[0042] The phase change memory element 200 also includes a first dielectric layer 212
formed over a substrate 210, and has a first electrode 214 formed therein, A second dielectric

layer 220 is formed over the first dielectric layer 212 and portions of the first electrode 214.

[0043] FIGS. 7A-8B illustrate an exemplary method of fabricating the FIG. 6A and 6B
phase change memory element 200 illustrated in FIGS. 6A and 6B. The first dielectric layer.
212 is formed over a substrate 210. The first electrode 214 is formed within the first
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WD 2007/ 126690PCT/ US2007/ 007188 di el ectric layer 212. A nitride

el ement A% 2h@r/ik6go9ed between the first el ectrode 214 apdriResoseeasyd
el ectrode 222. As discussed above with respect to FIGS. 3A and 3B,

the nitride elenent 216 could be fornmed to have a substantially

di sk-1i ke shape (froma top-down view (FIG 7B)) having sl oped
sidewal | s 216a for better step coverage of the phase change materi al
deposition. The second el ectrode 222 is fornmed over the nitride

el e ritielpgtgic 1ayes 243 draitideselemente iis farmeddetivern the Birst slartdde dlandthe
subst %I@{:éslﬁ# é&%ctﬁid%@b'. K diORiSN b oY R %ﬁﬁ} llﬁgﬂeghto?ﬁh W A Z?% PRE g%tride

si dewa etter step coverage o ase change matert a
deposiefément ZEheonkl ter foained trs bavet substamialhedisk-like dieapel (Gveni topldovandiew

e ST S i AT T B R R SR e

e: '?(f:] t rmﬁm?&pﬁﬁubm_ ﬂrfre fsgﬁogﬁ@lécgoaf o2 %’behn&ﬂ@vd@@ﬁé ﬁlﬂiﬂ&%gﬁ%ﬁ%lgs The
a ou | I S oL L Nte o,pe Il imtin LN any way. .
and ség?%dtrém??%tléﬁ soplsiAleq b o to h@f-ep%&béfaeﬁ%mg@% teRrovashspe
218 OoVEIG!T®) lﬁvﬁ@’@gﬁ&l ﬁé&@ﬂls&%@lﬁe@r sﬁheg%oﬁér’é%é gleth‘élggxmmﬁ%gré hal he

second el ectrode 22 respectively. The phasé change mater ayer

218 cdopesitenf Chamateskaluispd fofemm te nidids clemsod 2] Gl theweeindredenpode 222
FI GS. aftfhiffihe tPnodldisHIASE b SRADAE 1 IREE K o d WL ER2 Mh SR RSl bIR
e sane di 0] .

to have t mensi ons di scussetl above -with réspec
and 4BndtiposespihelesteodmR2itaild be formeday eitu 320 pBip@itediy)g step, although it is

subseglggg#télﬁ?gﬁg)??@ﬂg?gye{n ‘Qg first dielectric |ayer 212 and a

portion Ct70de " ¥14. The phase change nmenory el enent

200 ( A) ' ol - whirch may, furiher
Feduc o), BRSs o4 HE SAMN Bl ot ABRASH! bl Ul R 08 a1
pl anapveutht azewatly 2465 @2@2 of ileaiiridecilerhatt 226 ahd it seoopdieiectrgle 222,

b , i . _and add t.a.th | | ,rpbustness, af th
oo RO R b BB B R HPRIY BAERL B
216 i sbovd wishrasdpect ta FIGSY #AGnHI4Rt Tisa/piaae ehah}b ndiaridl m@eang Bgsld be
shoct Brrpifinave B e dineB S8R 06 el B uifh epdeh TS AR wB ror

h d f 16 itride el t 21 d
T e PP R R
first delediaebay2d Bl afd 4 pertivn td‘fitﬁefiﬁ;lk elEEtli‘ét de%-lgl. ’H&féctj:h}a%;@ﬂfdnlg{b! nhes?ddriaough

el.enen are | ustrate as :

t he si dewal f the njtrid |

bei ngegeﬁ‘tf'é’f éﬁ‘? f’%[%a 99\) ihﬁéérs}‘é’ﬁti‘mff’glyrl%%n# Rtacgerhics may further redyes teany
way. boéralsHEtfethe piie ShilahéHoRléiamefWod. e bieRe Riy 418Y Srovide |
ot her _desired shapes., W) 2007/ 126690PCT/ US2007/ 007188

[ 0047%; bettephandling dugge gHbsegReEntINGRRSIBE stery iapd add tn theawersfpbuesinas ef
seconeheRhifRed ERAPe 2édnory element 200.
[0046]} Although the nitride element 216 is illustrated as having first surface 216b having

a longer length 1 than.a second surface 216¢ of the nitride element 216 having a shorter length

I’, it is not intended to be limiting in any way. For example, the second surface 216¢ of the
nitride element 216 could have a length I’ that is equal to or greater than the length 1 of the
first surface 2160 of the nitride element 216, Additionally, although the sidewalls 216a of the
nitride element 216 are illustrated as being substantially linear, it is not intended to be
limiting in any way. For example, the sidewalls 216a could be non-linear or have other

desired shapes.
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is illustrated as being |onger than a length of a second surface
222c, it wdPlhakddbended to be limting in any way. Forpw@mogooﬁgge
second surface 222c of the second el ectrode 222 could have a |l ength
that is equal to or greater than the length of the first surface 222b
of the second 'electrode 222. Additionally, although the sidewalls
222a of the second el ectrode 222 are illustrated as being
substantially linear, it is not intended to be limting in any way.
For . &4}l e, Sindilaiydelthtlghtha demptiubiia Hiest sunfiadei 2280 10f the deavmd etdterde 222

Changds HERERGE af bhaRISHSs en phicn S5ERlpePBet S12% Nk Aot BTG

il ustlmtmg)nsﬂamaﬂesﬁf ¢mpﬂé1&ha§&oﬁ@§uﬁfame@nde of tHe seeord élbéti'dﬂﬁ m i
way. Those skilled in the art wil] recognize that a plurality o

phase Navehifaeteihat i capalier grepier thanihe etk ehibp %ftsl%’éfa%z%z%‘?fr@? gecond

subst eRlRodd 4.t ARGRIRAYY aﬁhﬁb@g!he s§1é'9¢§11§ 8% &nﬁé gedaaate?ec&oa@ o] a&ds
ormlllonsofpasecang menory el ements. [0 FI'GS. 9A and

i |1 usiliustieted ap |bgingl subgtapti Ghismgtiniendsd yo b1= bmamgneﬂw way. For
const rH&hﬁj‘éTﬁg i ural? §§c 1&*Ee%oh'ﬂn egrm%'oa{ddﬁ{ﬁéﬂ%gﬁ t of the

i nVﬁnt I'on hase change nenory elenents 300 include
cebondtufll e ﬁtﬁéﬁ%@%ﬁé%% foikhlag BLARR (AR iploe Wimoty df 008, i

f or medhanlé be anflérstsbd dhailth@ﬂhmﬁaﬂlwand desriptionngrefriof itesleddo bolieytitg in
f

G condry ¥k, InBRPSURA! iy 8 R LSl B RRbun? Se el QAT ilInbi}®
el ect elgeeni2ie typi¢aiynfatiricated oh heingld subsizate Ismmmne&jsﬂiy aAckizgle babistrate

di el ect | 324 js faryed th trod 322
000 corE el Ra s loEh on PhafE bt ARG S S cond surf aces

316b, r. ive h 1.o0f the fir sur e
Sion 1B, ERRE A %0 ¥ itirere £ otufiey FEBhabe shitesyppbtyf dfniits 506
hﬁme¥66nstmbted]§n aa&oﬁggﬁmﬁadl zé tlgrm&nginryleng:oﬂﬁnanpfwnvaafonemh lerality
t he | ESt SUL’1 ace ou er or glgua ég I he

| engt RT PhasgEhEs BEREGRYS 5{9??*3‘ 3 f@*& %edﬂﬁgfé A¥Hgd é fanmed,

el gnf: Bir%‘r ﬁ&Hiavl | dlls| 3295 bﬂhséédr?dlﬁl@&tn?ﬁaﬁﬁ d26. BTﬁé sechad dRledttic lliiyer 320 is
supstanti a simlar asnl on _as e as e nenoriel enen

il usf?rateédw)r‘éha Eretgielootrig fayep g12 ?ﬁ‘émggé“é @?Sg@t AtpEmed uer afz‘éstfate
howevelg. h&u&ﬂfe@&n&it‘ A6 it Soridid Jn%ggitdbﬂau@hsahﬁ thdgisRe CRAkSnaterial

mat eri al gg/er 318 and the nitride el enent 316. The second_ dielectric
| ayer laver 3 bf-nd Feennst eleqtendei 322;is doraied Qver e niffide element 346 ppd & third

el ect pRalRsiShder 312Lis BRI WBEES He'sbbord&irddss 8EN sel ectively
etched to create vias 340 having sl oped sidewal k 320a. WO

2007/ %&ﬁs@?o PG B2 N h%&ééﬁn@w@waés Rt zﬂfargeb&ld éﬁrf‘a@&sf anahzmase

change material is deposited.on the sidewall O0a and bottom 3

porti mgeqswebh &vherein ﬂmbng@d@%@ Brst puréace 346k Pﬁeﬂwer fé%éh%lewaé eﬁtile
Wit h| a t e?@f@&fmzp

are dep03| tglg @nﬂg‘?%@ mé,eée{:r’ljé@%‘ e %%lllrnyﬁ?m%%% Fate stru tl%’?t@e

i s pl Ginshsiace B‘m&e:oybtm aleagthrloares ogoqua) fethedenaty’ aidhe secred prrdane
changg gaterial layer 318,.and.within vias selectively etched into
the third dielectric layer 324. Al though the vias 342 are illustrated

as ha)@ a regl ﬁme'cﬁan ﬂéﬁo?ﬁ@i{:ﬁ@ﬁk@boém eaﬁnmggéwaﬂa epded to

be |i g ina or ex the via 42 cou have
addi t fcmrmki ig a@gbstmllymmﬂas faakms s theeghashclmnge oteanygy lelament (05RREAIGS.

188\ 20 n S% ruc eJ(]j Elﬁ% I:I}EI cor J{Hn%iéﬁl\?\}ricﬁagérﬁ aﬁlﬁwée\‘%g’pr%?ar Yy Ogcll ﬁ'lgﬁﬁ}%?tlﬁn

t he i ofewrtphase chbinge plateréd ldyer 618 pinmlm nitnsgdegementily. Theseond diEtric

of . LoEpisdomne Sve A Ry Eean SN LR TR a1 e el 207

dielectric layer is then selectively efched to create vias 340 having sloped sidewalls 320a.
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[ 0053] The FIG 10B phase change nmaterial |ayer 418 has a first

di amet er doGaHSaRpndi ng to the diameter as neasured acp@ppsioHb7ifce
of the phase change material |ayer 418 nearest the first el ectrode

414. The phase change material has a second dianeter d' correspondi ng
to the dianeter as neasured across a surface of the phase change
material |ayer 418 nearest the second el ectrode 422. FIG 10A
illustrates the phase change material |ayer 418 having a pl anar

port i drionfoBaaltdrpartiadlyfoonfrchab phasetchengde matbrisll 1@6&@2&&1 o thd stew &l SZGRI

Py or 30005 R i ar g sl o6 asbienyely Biohd Fyciome adas g it the

ni ddl qam@er EHa) ge fleBesriall yfer BS8 d@ﬁ@si&;wemmﬁ@@tmtat@d@g'o@ﬁedi@ﬁmm ¥42, and
di anet has_a top surface 418a' that has a ight less than a

top ng? sriire dntgmmcctipte shucEy srpdmnapiged.| Eh%sm%eleﬁtr@dﬂs %Has@fmdg@er the .
mterllﬂhsé@aﬁgeﬁﬂaﬁenaﬁ%%éhﬁ E'vﬁtm&%gasg §§an ayer Ztaﬁh%%z&&ﬁc

400 are formed by providing t e’ seco
pat t erlayai§2¢h &ldiougle ther vias 343 ame iMadratadods haking astevienglhlax/qmss-mcaonal shape,

forne Y

i's degossﬁoggn%@; g%ﬁghg?gpgaf%}}aﬁ%%bfgf omélgg#%nsgggz £ ﬂ'é aﬁ% fﬁfg[‘?%ar‘m
t he pm—scmmshmeoimtthaamtax@ﬂaﬁ ol | oned by the deposition of the
nitride elenents 416. - The entire internedi ate structure could be WO

2007/ 108690 PCFIGS200Y Axd 708 8llystmatea pineality anphae change mémbsodements ager

424 | a sele tched to,create vi.as, wherei
sécon%og%eh%? gq’gc‘%g %Sﬁ‘eﬂ’é%h %ﬁ@%ﬁyﬁu@mﬁiﬁ gﬁl&e ipygntiqn. L;&e‘r ate
a plu rpdxh‘ahly aﬁphp&taﬂmngh mmrmmmtﬁng]mehae E@E?ﬁﬁ;ﬁhg&lﬁﬁwﬂm Iayer_l_ ?1 18
accor t h, - odj ne o the iI.nvention e
pl ur al ?’F'QF cfvef) ﬁ‘gg‘é’ajﬁg‘% X&“"@?‘F@?ﬁd}g‘ Og Bi¥rhi 18 fornesipyee 2 figgnge
mat er iefdctrbéy 214.518e fifk ewdcmdes 414&@ ForbdedSYyeHih & fﬁ@tQﬂel@ém% 1%%6 aMg, which is
di el e(%trl c, layer 520 and forned over a first electrode

rmed over a substrate 410. A second electrode 422 is formed over a mtnde element 416

formed over the phase change material layer 418. A third dieleciric layer 424 is formed

between the second electrodes 422,

[0053]  The FIG. 10B phase change material layer 418 has a first diameter d
corresponding to the diameter as measured across a surface of the phase change material
layer 418 nearest the first electrode 414. The phase change material has a second diameter d’
corresponding to the diameter as measured across a surface of the phase change material
layer 418 nearest the second electrode 422‘. FIG. 10A illustrates the phase chan ge material
layer 418 having a planar portion 418a that is formed over the first electrode and: two lateral
portions 418b formed over the sidewalls 420a of a second dielectric layer 420. - The
illustrated phase change material layer 418 has a middle portion 418a that is deposited to coat

' the area defined by diameter d and bas a top surface 418a’ that has a height less than a top
surface 418b’ of the lateral portions 418b of the phase change material layer 418,

[0054] The FIG. 10A phase change memory elements 400 are formed by providing the

- second dielectric layer 420, and patterning the dielectric layer 420 such that several vias are
formed. A conformal or substantially conformal phase change material is deposited onto the
sidewall and bottom regions of the vias to form the phase change material layer 418 followed

by the deposition of the nitride elements 416. The entire intermediate structure could be
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The phase change nenory el enents sob are nearly identical to the

phase chwggdm;g?%ga( el ements 400 illustrated in FIGS. 1PAras8e7EBiss

however, si 518b of the phase change material |ayer 518 have
flared portions 518c, which increase the surface area of the | ateral
portion 518b that is in proximty to a second el ectrode 522.

[0056] FIGS. 11C-11E illustrate an exenplary nethod of fabricating the
phase change nenory elenment 500 illustrated in FIGS. 11A and 11B.

FI G arizbd) 9hi AURR] AiMOASE1BARDE ifefl! i ;
t hat ﬁ? phéaﬁe chaqrégre mat er i aal%l ayelrs r&g%(gﬂﬁggn g%&%‘%ﬁ&“&%@%ﬁéﬁﬁag’m

por t i 3rhezeinsecond eleorpdenbds predasnehsc (FI G -11B) formed over a first
surface 520b of the second dielectric |ayer 520, which collectively
f or m A0@3dnchFIGS. §1A and | BB dinstaaters piuralitCof phase chinge mrineoryelenscrgs 560

forme o1 b 1gled g t bt ki nmen 16 s forned
on thgoé\%tg%\t/\é/aallflge%&fga and t?gg{?%lo{@%ﬂlﬁ %g'F %Ibglaling%g?gpl?ﬁ%‘%ﬁﬂa@e@ﬁﬁﬁeﬁ
mﬁt er PhphisgycbangsliBempOOSIZIENS. SO0 crk:ﬁpiriisd: a@h&atcﬁangdmm}eﬁénaﬂé’xﬁlistfﬁnﬁéd g
the nitri 16:and t.he se nge.Matertal |l.ayer 518 .. an
the aosulE BBk oL B3R ieBe PSR dl ATL B a cur 2 Berosinid

f or me@he phasetdhan gd mBficry eldnfuts 50D0rd 36arlyGASRdAN & M8 PARE PafEd MeASry =
precursor ?Z@[Oﬂas be n[bg sited, the FIG 11D structure iS .
sel ecf“f%“f ¢ Bﬁ“act%‘f f ﬁ)ﬁ?i@é a1 OF; howeveretidawalls 248b«afthe phasy ghange
520 i hlavsid Byefls i haveGardd Bortiohs 5186, rvﬁﬁéﬂ RlcRfakE Ell% é‘:ﬁ’%@i&r are 8 dhE 1€teral

11A) is subseguently deposited over the entire E structure.

[ 0058PeiOnALED that is i progHMiEYa 3 saeendeleetrodni22a cross- secti onal wi dt h
w gre%%r th?@@e thickness w of 'the sidewal |s 518b. The greater

wi dt hERBP8 ¢ -dA 6l Yo Hlusaate appaemplary mesthodroffabnicating thenphssmehasie

sur f agRnit P aledknP 500¢i1MiskiitelGn FIGS SEIZO Bsh ?illﬁ.fi:i@.dﬂéz'ﬁﬁl%sﬂ@@é ﬁ%@%bfﬂf&

operation, the current &aShéql n the sidewalls 518b Is significant
a;

| ar gefatarishlaypeS B formed saetnbiat theinhasarhapgameterishlayeohis 185 Sidewalle fith.@

only [ | 5 | : '
o < TR BRI R B BB TR 20 ok el oo P e e B0 of
si dewkdre|sscaighsleeirisiayarS20) whichselectbzly foommduch, #sdHusttasbintFG, HeC.

changs e fomelt 36 ity SAEHER S8 e ERSR s b prmes
[ 00599ihE sidevalls|Si 82 and v otwmpditibh Sd8pohihe phase duscnm@aal apercIis.
I ncludes a nmenory circuit 901 having a phase change nenory el enents

100 cl®9stT uctie. it ADdHustratesthe planatizative ofthenitiidmelamenteiiGrand ek plizsy e
with A Q... Phase change nory el enent. 100,
200, SBREE iR bS8 o] Beptiof 0P feshAE PR b Serct i e
can b¥2dymesdstemthepihoatizeg sorfecoof2thimdmcepthe seoadekcirbdy prewasyl 522 &aLB
conp . r y.conprise entra 0CesSSi unit (CP
s07 iy RSB 13 ADULGOIRE LSRR e Bt et PSR o e wbimd
pr ogrdikeatricdayhirg20adlludtoedinddd@. d¢B, Thbitioh dielsativ lepdrae4\@id @mD is
I nput /out put_.(1./ O) .device, 906,.0 us 904. The nenory circuit 901
commsr'ﬁg_é%(ﬁ]ggﬂ ?%C}Sftﬁcgowﬁhﬁﬁﬁmﬁ’tﬁb E&g 8BSy pi cal |y through a menory
'Cont r[‘abl.i §]f " The FIG, 11 A flared portions 518c have a c;rdssusectional width w greater than the
thickness w’ of the sidewalls 518b. The greater width w of the flared portions 518¢ allows

for a greater amount of surface area in proximity to the second electrode 522. Therefore, in
operation, the current dengity in the sidewalls 518b is significantly larger than the current
density in the flared portions 518¢ to ensure only the sidewalls S18b comprise programmable
volume and switches state. The flared portions 518c isolate the program;hable volume (the
sidewalls 518b) from the electrodes 522 to reduce heat loss to the electrode 522, which may
further reduce the current necessary to change the state of sidewalls 518b.
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[0061] In the case of a conputer system the processor system 900 may
i ncl ude pRH2BARE0o devi ces such as a conpact disc (CD) PBMySideyeo795k0,
whi ch al so conmuni cate with CPU 902 and hard drive 905 over the bus
904. Menory circuit 901 is preferably constructed as an integrated
circuit, which includes a nenory array 903 having at | east one phase
change nmenory el ement 100 according to the invention. |If desired, the
menory circuit 901 may be conbined with the processor, for exanple
CPU 9d0059In aFGnld Blustratega aineplifidd pracassor syela] Qﬂmvhibh\imzldtMGrrhﬁnbxyn

and .. _qnl be consi dered trative. of exe Iar
eboa et 981 slie hnked helr B §leBlonts TRt bl asP OB it
I nventihvsntioMasl dbsctibed abownelith udxpettito FIGH S2AA 1BPRY. fphasdéiangs fnemory
condi t ons g 38{)%@) é‘gn be made without departing fromthe
Spiri tc 3@ p@t ﬁ ent invention. Accordingly, the invention
is no das bei n imted by the foregoing descript.ion
and digéﬁoﬂ %ﬁﬁﬁﬁg ?gmcg?eqsmxsgfdnw Ogwiich cople 81y tisiempiistniingione or

cl ai ”Enore%e%%rs \Whedxdntpl6,| A oBsliterSsystedn, gbndIRIPENm: xﬁgﬁ%n&ﬁrﬁ%dc%hﬂg
a substrate suggortl ng a flrst el ectrode and a dielectric | ayer,

t opro3t{PLRE82o1uck 45 g TRicraprogessar; ¢ digitabsianal Prefsatst orsaﬁ%ramgremm@led
di el egjy qte@ lclg%/ BEvibR! A8 AR AR LAY %nﬂlaﬁq utl RRATPOPELREe 906 over a%us

phase c materi al el enent positione er sal topnost surface of

sai d Bﬁﬁs mqrwwcmf,&%l cpmmyaieattsvith thetGPY 802 ebverinwtdMaypica)lya
| ower tﬁ*ﬁﬁé‘? ﬁ%érﬁb 'cSﬁ&B‘l&al comruni cation with said first el ectrode;
ro

a secon ectrical communication with an upper surface

Fi 17 RORIRS L BRAR SFH (e BRRE e F0Eeosor syl B0t UK ARIIER O 0

bstant space Cchange
mat er patipedraindavices sm!dasi aenrhpect dise (€D RGM dyivier®d 0i which pissctonwingdicatai d

f t I h

mt or PA GPE R ng ik AAES0s SR MPRE o MRS il o 1€ ApERAP

bei ngcenﬂlsic&ﬂasahlnytegiawlbmrduit eduibdi mt:ihé&s a m%mo}'jn errae Pl avdhearedst ofie
wherein a to f ace,,of S|d|n terial is

|
C | o naphass B RehotfBTREh: P AQERARE B it et 6 o circuit

901 may be combined with the processor, for example CPU 900, in a single integrated circuit.

[0062] The above descriptidn and drawings are only to be considered illustrative of
exemplary embodiments, which achieve the features and advantages of the present invention.
Modification and substitutions to specific process conditions and structures can be made
without departing from the spirit and scope of the present invention. Accordingly, the
invention is not to be considered as being limited by the foregoing description and drawings,

but is only limited by the scope of the appended claims.
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3. The menory elenment of claim1l, wherein said phase change materi al
el ement has first and second dianeters. 4. The nenory el enent of
claim3, wherein said first and second dianeters are different. 5.
The nenory el enment of claim 3, wherein said first dianmeter
corresponds to a surface in proximty to said first el ectrode and

sai d second di aneter corresponds to @ aysisace in proximty to said
second el ectrode. 15 6. The nenory elenent of claiml, wherein said
phase change material elenment has a total volune of approximtely 5.9
X 104 nn8B. ry element of claim1l1, wherein said phase
change mat ervl’yné?tlse?elglr%eﬁn Shas a diameter in the range of about 20 nmto
about 200 nm 8. The nenory elenent of claim1l, wherein said phase
change material elenent has a height in the range of about 25 nmto
about 75 nml- 9. ATREMeERBleenl ORIBBING clai m 1, wherein said phase
change materi aI | ange
of about 25 A to%fggﬁ%tte Q%@ %gﬁf&%&%&?%ﬁ%ﬁ?@%@ﬁgﬂ E?er Qt&pﬂi’nﬂgg ein
sai d phase shﬁa@e)frsmﬁeﬁrsmlecmiodm a topnfost svefico bf siddickciral lage beimged
fromthe group con @ ernanlurrantlrmnytellurlum

ger mani umt &P Slﬁ""r‘%“&ﬁ @%‘0 gthefinsh I nSe, 1n"SbyTez, SnxSbyTez,
CaxSeyTez, |nSbGs, hﬁ@aéﬁg@ma@ﬁm%&t pbSNGRIRZBKa1a RehniR BB of 11.
A menory array conprisingT a plurality of nenory el enents, at |east
one nenory ehidfisitelatnge.issidmnaseachanpsmateriel dempaiheying adowet guface in

di el eotri ¢ | ANELY Qubbltkaflioii 98 chaLIBodd) 2ssoci ation with said

first dieleé
a second electrode in electrical communication with an upper surface of

said phase change material element; and

insulating material filling substantially all of an interior space of said
phase change material element, said insulating material being in contact with said
first and second electrodes, the upper surface of the phase change material
element and a topmost surface of the insulating material being substantially planar

to each other.

2. The memory element of claim 1, wherein a topmost surface of said
insulating material is planar to a topmost surface of said phase change material

element.

3. The memory element of claim 1, wherein said phase change material

element has first and second diameters.

4, The memory element of claim 3, wherein said first and second diameters

are different.

5. The memory element of claim 3, wherein said first diameter corresponds
to a surface in proximity to said first electrode and said second diameter

corresponds to a surface in proximity to said second electrode.
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a second dielectric layer formed over said first dielectric |ayer
having a via to said first el ectrode; a phase change materi al

| ayer positioned wthin said via such that exterior sidewalls of said
phase change material |ayer are in contact with sidewalls of said
via, said phase change nmaterial |ayer having a | ower surface in

el ectrical conmmunication with said first el ectrode; an
insulating material elenment filling substantially all of an interior
space of saifd phalile mﬂmg@lmmnéaf@lmm bywhereingaidathasy dhangomeatgdel with a

top surface rst ele hd via, said
i nsul ating ﬁg h?saeo arlré’ YRR gl%g “@%&%’@g’sgﬂ on throughout; and

a second el ect rode in electrical commnication with an upper surface

of said phase change nmaterial |ayer and in contact with said
i nsul ating rat er P meqreqréplement of claie L hasely saidmligsehapgemaienal

wherein @ Telcien Hid AdiGmRler aseh%%%kﬁﬁdﬂ@o%{ﬁrdbﬂhtﬁo‘%ﬂﬁm i's planar

to a first surface o sal ange material |ayer 13. The
menory array of claim11, vvherel n said insulating materlal el enent

hasadlskllke e fro d 14. A t
conpri sing: %a prglh ; OIYE?H’J?“ OPVW"H‘ kre%?n&@‘élp@ essqolrgﬁtr%ésl .
| east one W%Ieﬂ{e)ﬁtﬁéseim$htlﬁnﬁe RIS DELEEISENHh t& SHBRK | '7§hﬂ19

substrate supporting a first electrode and a first dielectric Iayer
a top surface of said first electrode and a top surface of said flrst

dielectric layer . bein subtan |, I
i nsul ati ng ter ilglle n?ﬁg% enbegi Pf?l%%ég” %mts‘% %%&ccotﬁﬁg Ipaten?lh
top surface eRinenthab 4 drbsd-sceliendl koclaessiaithe 1ang¢|bﬁztbongzsrﬁtte roalA. el emant
havi ng a sane conposition throughout;
10.  The memory element of claim 1, wherein said phase change material
element is formed of a material selected from the group consisting of germanium-
antimony-tellurium, germanium-telluride, GaSb, SbTe, InSb, InSe, In,Sb,Te;,

Sn,SbyTe,, GaySeyTe,, InSbGe, AgInSbTe, GeSnSbTe, TexGe,Sb,Sk and
GeSbSeTe.

11. A memory array comprising:

a phurality of memory elements, at least one memory element comprising:

a substrate supporting a first dielectric layer;

a first electrode formed in association with said first dielectric layer;

a second dielectric layer formed over said first dielectric layer having a via
to said first electrode;

a phase change material layer positioned within said via such that exterior
sidewalls of said phase change material layer are in contact with sidewalls of said
via, said phase change material layer having a lower surface in electrical
communication with said first electrode;

an insulating material element filling substantially all of an interior space

of said phase change material layer and being in contact with a top surface of said

16



a phase change material |ayer positioned over said top surface of
said first electrode and surrounding said insulating materi al

el enent, said phase change material |ayer having a | ower surface in
contact with said first electrode and interior sidewalls in contact

with said insulating material elenent; a second dielectric
llayer in comfr@GlechbidiBaigd saldl vid) sARMBS ISR msaiisl cRihdHe heAARNE Same
material |ayer; and a second electrode in contact with an upper

surface of semgophentretghagkantiteri al | ayer and said insul ating

terial el I | : h
Second el octr ode SR Esnert i fPahE BBl AREh o dhb 8 Reite 47

el enent and skidplihstdhaggsmberibbhyslsadenton®e with sailGnsuldtingnhatedsls or
system of claim 14, wherein said insulating material elenent has a
first di amelmedbrresponding to a surface in proximty to said first
el ectrode and a second di aneter corresponding to a surface in
proximty to said second electrode. 16. The nenory el enent of claim
1, wherein tlle pHheeahapgeayaf dainall 1, alyeeinarflryt speatd el said igslatmgnds

the insulatin terial. .17. Th r | e t of claiml, .wherein
the second &t %{E? Sggleebﬁtpéa&a%tc’t%ﬁrsgeﬁﬁn%p%g?aﬁgg@“wﬂ% S 1fknge
materi al el enent only where the bottomobst surface of the second

el ectrode and the upper surface of the phase _chan?e. mat eri al el enent
meet. 18. The ndlromenedrgatay obélainh Al wisreinseid dhsylating ngtersal eleimgntt er

is less than.the, 0 dianet er 19. The nmenory array of claim 11,
wherein a tg‘ﬁ%gksﬁ?%?gg@gfﬁqm%%edoﬁ’ﬂla‘élgwbhange material elenent and a
topnost surface of the insulating material elenent are substantially

pl anar to each other. 20. The processor system of claim 15, wherein
the first dildnet éyPioseseiySIREEPIIBINE:cond di aret er .

a processor; and

a memory device comprising at least one memory element, the memory
element comprising;

a substrate supporting a first electrode and a first dielectric layer, a top
surface of said first electrode and a top surface of said first dielectric layer being
substantially planar to each other;

an insulating material element positioned over and in contact with said top
surface of said first electrode, said insulating material element having a same
composition throughout;

a phase change material layer positioned over said top surface of said first
electrode and surrounding said insulating material element, said phase change
material layer having a lower surface in contact with said first electrode and
interior sidewalls in contact with said insulating material element;

a second dielectric layer in contact with exterior sidewalls of said phase
change material layer; and

a second electrode in contact with an upper surface of said phase change
material layer and said insulating material element along a plane where the
bottommost surface of the second electrode and topmost surfaces of the phase

change material element and insulating material element meet.
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15.  The processor system of claim 14, wherein said insulating material
element has a first diameter corresponding to a surface in proximity to said first
electrode and a second diameter corresponding to a surface in proximity to said

second electrode.

16.  The memory element of claim 1, wherein the phase change material layer

only partially surrounds the insulating material.

17.  The memory element of claim 1, wherein the second electrode contacts the
upper surface of the phase change material element only where the bottommost
surface of the second electrode and the upper surface of the phase change material

element meet.

18.  The memory element of claim 5, wherein the first diameter is less than the

second diameter.

19.  The memory array of claim 11, wherein a topmost surface of the phase
change material element and a topmost surface of the insulating material element
are substantially planar to each other.

20.  The processor system of claim 15, wherein the first diameter is less than

 the second diameter.
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