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pulse) i pppliadrbrduighdhe 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 ;:hange material 8 cools rapidly to a temperature below
the glass transition temperature, which results in the portion of the phaée 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 of 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. This 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
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and medlodsefiforiing H@eanR. SAHDS£dnddlery 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 first electrode. The memory

element also has a second electrode in electrical communication with an u pper surface of the

phase change material layer.
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respectively, of an array 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 exemnplary method of fabricating the fifth exemplary

embodiment; and

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

embodiment of the invention.
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[0020] The phase change memory element 100 includes a substrate 10 having a first

dielectric layer 12 formed thereon, and a first electrode 14 fbrmed 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. 2A 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.



[ 0020] The phase change nenory el enment 100 includes a
substrate 10 having a first dielectric layer 12 forned
woOheraeengoand a first electrode 14 fornmed i n arPerasS2007/007188
within the first dielectric |ayer 12. The phase change
menory el ement 100 al so includes a nitride el enment 16
formed over the first electrode 14, and within a phase
change material |ayer 18 that surrounds the nitride

Th h h t | la 18 is
to021f' SJE: 2B ptriets oyral Secons ire1oE dha P %ehasz@haumsnemory
elemefd 80. 245 Pha&ReE, hﬁé‘ SRasERIRY drﬁ!n%m?ﬂ% nHQ e%’&fde element

a second el ectrode 22 for over t e nitri
16. Thenitade ¢lamentel aidcthe pbaserbangramateriallayér Iéhsere;fbaﬁcd over the first

electrdddA0G ARl £ Q%&@X@%g%?ﬂ%{%%% Hyér: Ilg s %ﬁe&éclzélr g té:rﬁgﬁgﬁc’mcatmn with

partial top-
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166C¥%: de el enent - 16 and the phase change materia

ver, flrst el ectrode 14 such
o] 155 R “ibibiape fipe meanary choment 100 has the
advantape of fdqoiingCless Buiica ttanal nthéte&f&et ERshinks Ies@‘b&%{) Qﬁ*ﬁ. c} ical phase
The first electrode 14 is forned Wt

Chang‘é}“&“é’ﬁyzs meRts hecpise ofadpdnced icentaghasea between Efcmt@]se ¢hange .
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curfreént- necessary to change t he

h ne_ of the illust
023 S, BT LT S ST S enions
phase ehmgp ey eleaimt é ad &IGd U)etypmanjn hawter plems eﬁarcgmhaehal layer with

@ p“’g‘?mﬁ%& }cglﬁ]s econd’ éhgs eg 232 gg%r[%g?m Fﬁ%?%}g BPtSabo“t >0 nm
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onvent i onal ase r element 1
changefaflrig) O ENECY Sondhil 338 o DR BRT Geethat ¢5al iyt 4P ) and
avolumkbm&)prlo naiedppeoMalatiip2ayi ng a di aneter of about
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[0024]v ol mymmfraabmetphase&hxng&&eﬂiasﬁy elthRnE YO0 SNETICR 225 SR IB could
N | TR L E TR I
thickness R JFIANd A) of elTs® Ehahgd mtdrf 15a8 183s ARk S RIRhY height h
(FIG. 4%{SAS the same as the programmable volume in the FIG. 1 phase change memory -
element 1. The phase change memory element 100 of FIGS. 2A and 2B has a programmable
volume nearly one quarter the programmable volume of the conventional phase change
memory element. The contact area is also reduced to one quarter of the contact area that the
conventional phase change material layers (e.g., phase change material layer 8 of FIGS. 1A
and 1B) have with first and second electrodes 2, 4 (FIGS. 1A and 1B). The reduction in the
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
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[0026] o {‘Rﬁé% BéHa%t@t% AR ARt 9F dabrivetifig thet phasichange
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[ rolTed t
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view, rqsgm;rvy:l)eloéaemtcrt@ﬂmtb sursd¢tnt ai MhEliftSrmethatd REueBre ¥0a is
required for of the ctlon
formed 8 ckoillel' 5L Frie-Bi B 57 ¢ RoubHeut it he redinecmigiayer -
12is typlbelly etshd:d ® (ﬁéate Wia24 (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 (TiAIN), titanium-tungsten (TiW),

platinum (Pt) or tungsten (W), among others.

{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



actions. Accordingly, while the actions bel ow are

descri bed as being perforned in a specific order, the
wonraEri2e@®o exenpl ary only and can be altered if PdegiSed007188

Al t hough the formation of a single phase change nenory

el ement 100 is shown, it should be appreciated that

t he phase change nenory el enent 100 can be one nenory

elenent in an array of menory el enents, which can be
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create vias

polymes$.ectrode 14 is formed. The first electrode 14 can be
formed of any suitable conductive material such as
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linear, 'ilfa’c Jé{l? 41 bQpegsh sloppd suchdhalch (98 sHrfaed ehthe pitride glpmest dobas a
greater $0rfhce 4104 MRH (B o aWobtbinAQirfabd, OQQH% Qtﬂ%? dfeﬁfe]'a‘(}%ggé ot her

materials. For exanple, the €l ement 16 cou f or med

[0030] Of BIYS. i4RSH PAB MhusEBESHE @!‘:po%ﬁfa?) & cc;ﬂ%rnlldl r& tclg)%}aﬂy conformal

SI|ICOﬂ nitrides;.alum na oxides; oxid

phase c{x@}ﬁ%palpgpjgarp@pwﬂ@ﬂgﬂls 1o (G |3édtqf itlee mm@re;laﬁngpt 16 to form the
phase L0 1 B AL DTSR 0L

Chalcoaeh@eﬁmtpm@les@hmfw et@nple, gmtnannmmmxhohp-tdﬂhnlumt gerghanium-

h
tellund%1 ﬁy@PyEt 2 a.gﬁlg;ha%)e( %ﬁraonlgc lg?attef?ﬂ%'fl}a?égﬁogﬂglﬁﬂg}IOf rmgﬁmgebeyTeq
(e.g., Gsi$@p’§¢s),a@a$b s TepGbbe oy, Sbilk,), ﬁﬁﬂﬁﬁsﬁt an e.95n,Sb,Te,,

oH 0 Sl s 16b are
Gaxseyﬂ%] y op b§b1ne gfg ﬁ%‘li}ﬁf f#gt@;éb% and (Lb%%ﬁaﬁi ®nitride
el rt| lLative t . sur.f )
{0031] egﬁegﬁl‘?; S@‘g"g’é gn ayfzr O'ﬁ@ g,ave ﬁgﬁu?sllc%echggleﬁa%gfé. 4B) in
the ransl afpa@dutsmﬂm tdhatiova 20@ﬁnsajheflgﬁ&1 @Gt ha) i theiraReLbfRIBBHE 25nm to
r eat face ar t han t hat of bott o
sboue 734y B8 FelhEBieflondtihc it T > o ' ool s 8B o abou
200A. BiredilldBrated sztsba:hmgd‘taatﬂﬁﬁlqsydrl 18ha8fa dakerf 8'fBbo@758m, a
ight d13bbiPdndn, 3832
height df about a cross sectlonal 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] ) Althoﬁgh, the FIG. 4A phasé change material 'léyer 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 bé lower than the first
surface 18a of the phase change material layer 18, as discussed below with respect to

FIG. 6A.



phase change material on the sidewalls 16b (FIG 3A)
of the nitride elenent 16 to formthe phase change
worb@Erizedo | ayer 18. The deposited phase changePautus2i0at07188

coul d be a chal cogenide material, such as, for

exanpl e, germani um anti nony-teil urium or

germani untel luride | ayer. Exenplary phase change

materials may al so i nclude, for exanple, GexSbyTez

e. b2Teb) Sh, GexTey, SbTe (e.g., Sb2Te3),

[0033f hait “P%i;ﬁw R SBE?‘#E%“ %Rw?é?}ge@%mhléw I8 nssdaiot
complé@ly$ehifind @rSmahdeslethex Gy Sb&%xa&g&, RIS BhanlgB Adbdrial layer 18

The ﬁhase change material |ayer 18 could have an

could piftiaily surgoundehe pitgde Flement By tq furthreraduegythesfolumbe of the phase
b : . o
chan A 5301, A0y g 1 A0 e
of the phasglchesge matefibQayA)8.i n t he range of about 25A to
about 200A. The illustrated phase change materi al
[0034] ay di1GB8 5 Aamd HRlillaneste thaldeposition wlf thetsenpndidiskicgit lagér 20 over

0 0] d.a s;sectign t hi ckness t. Qf ahaout
the on@iAthucsle s G FIGE SRS 485 The it ibetiedyer A0 1
subsecpubml}g pﬁﬁgﬁzddha dhe/Reveless, thé ﬁpp@'gﬁig@d:eel 8|a_td‘f€ptﬂ§é élf? gg‘gl]terial layer
can be ust e t i nt ended application
18. Thy %eﬁ%?ﬂ,e{‘f?f% ?% @@ﬁ%ﬁﬁ@%ﬁ%ﬂ&éewgmfﬁm%@w thegphase
changd'atteial 1yt 18 ad MeddeldBmbhite doSofth & Bg;ﬂha_tse cRarfde émory element
surface 16a of the nitride elenent 16, it is hot :
100 B3P et @8d2B)be |initing in any way. For exanple, the
first surface 16a of the nitride elenment 16 coul d be
[0035) ouetthawgh ifyseratadrasforning Asinglgahase chamgenamers.¢lemget, it should
be undeRk&Sd Mht thaYiffstrhBonPddIEHHRES ' hi
A T G0 T o A B ePehahehiudy (iR fkink dn any
way. ‘Ehgagkillegie theaart will mcogsize thada pbirality o pbess! ghasge meuredy
lemerd Lol ; npl: asg _chan
clene B Bl R o i 12 R e kB 2 s R e
could eqnégia Hrousgndserfopitlidnsrof phasecehan premenionyrelenfentshe  phase
change material layer 18, which may further reduce the
[0036]c ur rdsmhatecahenge natesialdyer b8 istthe attateghese thmmgphasaial with a
: ' Y, 0 | G5, DA and, 5B
fixed Iﬂ;% ust rdagtﬂésélhgecﬁégggp tb%g'ﬁt %19& Ct?fﬁgéalsﬁ é%ﬁto? i reTegé 7} gmorphous
state by gpssin@@hentimg culrene rinceswiteling theatatd bilibepahetchange material

l. 4 . .The second.dielectr.ic |layer 20 is ..
taver 1RO Flec PR R ERE ey BT b in B bttty and
consisteuey acwell 8acyflinglidsttme bamge imploeed ad the phase skfte nliRhg is reduced
second el ectrode 22 (FIGS. 2A and 2B) is subsequently
[0037]f or fibd tiaivkness hethpiphase cuapegmarmiabtdyat 18 ay @e idevdIl16b (FIG. 3A)
of the rg Iré(%@; %?mgllltefgec% ble6va.tri(3:d,f Qép@néiﬂg B Qﬁlg’ ges?rgg Qgglicrl%g?f t>(/) 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 chan ge material layer
18 on the sidewall 16b (FIG. 3A) of the nitride element 16 is illustrated as being uniform, it is

not intended to be limiting in any way.



100 (FIGS. 2A and 2B). [0035] Although illustrated as

form ng a single phase change nenory el enent, it
wehaeoriidedse under stood that the illustrati ons ardT/US2007/007188

descriptions are not intended to be limting in any

way. Those skilled in the art wll recognize that a

plurality of phase change nenory el enents are

typically fabricated on a single substrate

i my| ly. A Sj bstr at |'d cont ain o
(0039F 10 ARG AdFedingt pEe Pofseranis ‘BrmRgecik@sh JDiclues o anitigating
heat 1ds§08Rd mhi&ith R HBaABANE %oﬁ?énlﬁﬁhﬁlphhé’é/ﬁ{anég rﬂ;ﬁic}r @lemekl)lfseduring

active phasé change material with a fix rogr ama
the heating precess a3 dusate the heastcondncsion tiyongh therfirsisamlt second elestaides,

. . . ' heating,current .
o RSO T308 , A50 S WL e
changd mmpeeriall Biyen{® had thedirsieidsecondalemmdes 142S eheCdiddnge of heat loss is

- terial .  the switching stability and consistency as
mitigayeg, i f'é%%ﬁ?‘f%d%?@@f?ﬁ@%%’@@“i nproved as the phase
ta mxing is reduced [.0037] The thickpess of the
t0040 20 Ao laEF oY Seagire daogr i 1109 bates to the
self—al{gﬁhﬁnta ®#th vaitich E& Ifdﬂahé i:lﬂzgi‘ge hfa:f@ﬁﬂ tla]yér QS‘E& d&oyx@e{dl. Bbcause the
... d [ the desired a i cation 0 greatly )
rivide G TR g oSy b et K e bops ool loyer 15
is self-bBYRId hr Arifsh8lebird &l 1 PR &GB! B 497 nhibnt 8£the phase
(FIGS. 2A and 2B), the Programmbl e current

changematesiaklayes b withethe figh gleetedeptoepsarasdhitahereisareelectrical

ot h ] f . _
comm el R o Pl ol T SO BhkeR of REPREO Sh IS iteria
layer 18| wiHbthgHirsheleetridskifomay sitnplifietheipaseessing nge fatatoetiombf the overall

i |l FIG 3 of. the nitride
phase %@é%gﬁe@qc%?ley}l?ﬂ?dgﬁr ade%g}ggscé)lenicﬁeﬁs%ﬁ%?‘%ﬁkﬁuhi t"is not-
i nt d JL b ' way. [ 0039]. Anot her
fooe1], % SRS By Bel D0 DX ORREAOPL e chanse
memoryedlerner 200 auinstingatd imgachewtandeosish thEHavemjonr iSpgcifitaliyg FIGS. 6A

a8 R SR UL BRSNS T o f S Ropecivety, ot
phase dangeiotenomy telemoang B06 hevih ayhamm&aﬁﬁma%riel =l 3 Mrrﬁed on
. ' e high thernal ductivity; reduci ng the
sidewafis 8. 245 o ol Sien 2 [hate wrandplopliods 724, rrbgervely.
Althou}RB, thadeddnd di¢dtside 200 haes Gind sﬁlfﬁsthZQd?ﬁatlﬁplaaé’n tgtah‘ﬁ‘stt sr:lrface
t of, heat loss.is mitigated to further reduce e
2185 of I s bt e S oY A € G iAo BE VAHtag & B way. For
examplellthepasivl lBaRGR T8 1olve aERtt skPfdcE 8ba @8t fsQoWBEor higher than
| £ - allig_gnrrent with which the phase change nateri al

se
that of jihg fagst qusTace 2} 8B 9% feghaspehangs majasial 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

9



nitride elenments 16 are forned over the first
el ectrode 14, the phase change naterial |ayer 18 is
weebd7/1aédogned over the first el ectrode 14 whenPCT/US2007/007188
deposited. The self-alignnent of the phase change
material layer 18 with the first electrode 14 ensures
that there is an electrical communication with both
conmponents. The self al i gnnent of the phase change
. material | gyer mnth the first electrode 14 may
dlelectgicﬁiw 2}21 B? W 19 f?r&tﬁdlh?é‘i’?e@rfh%ﬁf%tﬁéecéf%? 4 and the

seconméé‘tﬁ)d%'l@ag ?\ﬁﬁgﬂi{syeﬁ% Wltiﬂi@gpectaﬁﬂF /33l 501 3BGHE ﬁﬁgde
hr oug Bﬁ)b [0041] FIGS. 6A an GBll strate a seco

elemeréﬂé fsP eeﬁqvbr@qcil mahave@f subsightially diblathigre shmmﬁymeh épedewn view
(FIG. é%g hﬁ?ﬂgts cfb%& %Eil @1@2&8 Poaq)c Eerv%t%ngqvegﬁggnX%Eeaplﬁsgf:hange

materiglrdepesitient TI‘hm adcond ceWcande 2213 wtbrraéd bw-tﬁk)ﬂ\ilﬂn&d €¢ment 216. The

ccond SERRGH 43 Py BRSSO R 5P S0E e S0own shpe

(FIG. "Hi)d&mﬁidg Sopetsidewa BFopbetber @téprdo‘d&agé BEaL hagéclﬁiﬂge fhaterial
econd el ectrode 222, respectively. At hou

deposieR. ohbe BRETIAREd 50 SO R ide $lemint L3 and awet:m elpefrode 222
are simfila® E@fho‘é@dﬁctfés&? Sbc%ér \{lﬁﬁ: ?es%écq ko BiGS %«Bﬁasﬁe meelement 216

materi al | ayer I nt ended to
and thg secgnd, elggiyo %‘%2 @%dﬂlrbﬁ éorrrteldenéé@ o wleqattemdes sztzlz although itis

notmt&méhQOB@ ﬁnan%ir{ﬂ \%Q face 222b that is |ower or

hi gher than t e first surface 218b of the

[0044]Phagf;6 B0 gRq BR! %&@alte h?e?/%&»aﬁﬁ& of I Q?esﬁaa%gé‘g%?er al Jayer 218

mat er i al Iayer I ghed o
over the glewallp 24651222k of thietmitrite @m«m 216246 tl&mfbcbrlrrbelsetmdwzzz

respec%eez%tr g‘ﬂgﬁhgs%% a%otgg en'af/ l% X 21 Oc%fi {' e ChaF Cgnal discussed

et emen i°88" Y es a
. above wayecsrizdlZodeGSedAcandMBa ’ﬁh&)pltasabhm%wmataml lhlm 24 8fcbtigtbe

formed L G GRS GRF SrE abdve SEEERS G B3 FIES upna 48
[0045)2 2 1 2, %p g@td'l 08 ﬁaayteé 3%&1 (R, gg:) gﬁ?%){b%%c{el}?géy SFL(E)S%E Lver the first
dielectﬁa hatyler: 211 med 4 bertiBth th\fifun elcbidod e THAIHE e BRIARE Ynemory -

e FpL bt S B Pl s

overall'Eh&: dfithsphab ehhngedteddy d1smbar108d THelpadhr bi@ace may also provide .
er 212. A nitride el ement 216

ielectric |la
for betieh heAfing S BRI birU PR EEvesHBE Bl g 2 Py iobHgaess of

the phagé Ednge eerRad eldfeslizpoussed above with respect to
FIGS. 3A and 3B, the nitride el enment 216 coul d be

[0046]f or AkHoligh ma\tﬁrﬂe&;&ﬁéra R b ad idisedtsk ad hdkgnSHAR §u.(f£cfe0m58 having
g%ggbvm view (FI G i havi ng_sl oped sidewal | s 216

a longey b thap- aé?“e‘ﬁldcw%% 6ot the éltﬁﬁ%glﬁn@ﬁh%bfeh%%a Fhgrter length

1, it is HEPRAGRNHED D bl bﬁltﬁ?gcﬁ%g%zsf.tffd?@ﬁaﬁﬁl%, iR SEUHRARYES 16¢ of the
the nitride element 216. The

nitride element 216 could have a length I’ that is equal to or greater than the length 1 of the

first surface 216b 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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second el ectrode 222 could also be forned to have a
substantially disk-l1ike top-down shape (FIG 7B)
woaavinge®b oped sidewal |s for better step cover age/usto07/007188

t he phase change naterial deposition. The materials
used to formthe nitride elenent 216 and the second
el ectrode 222 are sinmlar to those di scussed above
mﬁth respect to FIGS. 3A-5B. The nitride el enent 216

he second el ectrode 222 could be fornmed in situ

[0047], Wi t ﬁlf@%@bp althespgh the lenetipof & firsh swdree 122bof Han sacandplgeigode 222
is 1llust¥r?}e@ 8s {)&Hgtldn#% Hﬁnaﬂ)én Y)f a fsg%%] suEﬂa@ZZ%’%tqg ﬂo?ﬁtenﬂeﬁi to be

['ustrat osi t ase ange nat er|
limiting & aymy wag Bveevxampée shel swahﬂ su1221®a2222 2P thegecombelactrodedd®22 could

216 d th d,el
have a FugiEes Ry 10 ek SRl RS BEBe 7S syfare 332p of the sccond
‘electrod®222] Additionaky anhoaglytheatd%mak 2026 6148 8eLond@Y&tivdE 222 are

ct to FIGS. and 4B. The se change. nateri al
lllustraregéﬁveﬁéuéawaﬂb'e@@w ot 1o THERHEA i be LN ek B For
_.examprél %%Mll@@@ﬁ@ clti beiRENREhr $0hdvk Gther AbsiftackHA
[ 0045] The second dielectric layer 220 (FIG 6 ) T's

0048 submmue I1bsE8Re 2L FschiRy 85 Hals& Sharidk @hehd e@ dlaﬁ%o
[ : and gaﬁporstl on of thggfllrntgﬁlaect r“%g 214. Iryl ¥ i

should Iyﬁ gggerémﬁgbatmtr@qlwg dgg{;lp(upp@regm; 1q¢glgdeal to be limiting in
any wa31BHo8OLifbd Yo iRk ARAVIINE ,%% thdfY G nDi';‘l‘iJsQ 2hal & Rory

he overall size of t ase cha ge
elemenpOgre tyHieally faheicatediph a@engmylbatrsts sgn@hm@euslyf v sibgle sebstrate

d add
could 3R tbGdide o ShiBiRS BAURL RAPRERELAR ALERRs T oy
I
o0 55, 08 0G4l LU 55, SRl o
constrdctﬂdge ract@dgrde withhathisd @mmlatymﬁcmluaexﬁxﬁahwﬁw?m@n The plurality
of phase F%%{e eﬁl grre t 2;&#@% cque a ng?s%tc \z}\%%/eelpl rrr}alég?gﬁglp‘{ lgl formed
over siddveal BEION b F 866 Mot EbETIC cmyetr Beon rrhp decontl dimediri2 Lfyer 320 is

coul d Ve a Ien h t hat al at er
ormed i 8 G FesBetiE i 37 bevine st elitide Sehrdrd hea substrate
310. Aﬂiu(tjﬁddiﬂelﬁbﬁmglﬂls ?drﬁﬁ:d/kdﬁhé lsigeﬁllally 31&d CBHTE% ghaskRBange material
16a the nitride el enent ar .
layer 374, SePaR LA oS SUBILATET e eI s ent BL6 agd g gpird
dielecti®125BE8ZH fsGolified bativebil thel sec@ityel¥v@ibdebar2 exanpl e, the
sidewal | s 216a could be non-linear or have other

[0050] deSThe BIG e aarillO O’ AlendB 16 hay fiikt ardl dRonkurtdess Begrybhec,
of a first surface 222b _of the second el ectrode 222 is

respectiyefyysthestia dhalengl iR thofigé sufacars 180 iethgrier Brndheleagivd” of the

second SUFRACE1 22RBEweldr, it $s AdtinteRdQNAaR lirﬁjtﬂﬁg ih hﬁﬁ} Wa?g FoPe@Mple, the
way. For exanple, the second surface

first sugé%}]](pbé}og& h¥vse Ispgthdgpgey or equal to the length I’ of the second surface
316c. :

[0051] The phase change memory elements 300 illustrated in FIGS. 9A and 9B are
formed in a substantially similar fashion as the phase change memory element illustrated in
FIGS. 2A and 2B. The second dielectric layer 320, however, is formed prior to the formation
of the phase change material layer 318 and the nitride element 316. The second diele;:tric
layer is formed over the first dielectric layer 312 and first electrodes 314; the second

dielectric-layer is then selectively etched to create vias 340 having sloped sidewalls 320a.
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have a length that is equal to or greater than the
| ength of the first surface 222b of the second

wehertizede 222. Additionally, although the si deaaiuss07/007188
222a of the second el ectrode 222 are illustrated as
bei ng substantially linear, it is not intended to be
limting in any way. For exanple, the sidewalls 222a
coul d be non-linear or have other desired shapes.

0048 h illustrated as form ng a single phase
~C°nf°%H%.‘n°§] ﬂﬁ{@h&ou I ugaS?Gbangq mawBal 1§ deposiRdenshosdewall 320a
and bokfoat 346!13)drh6ﬁ’§6ff tAd VR348 né})dds%ﬁe%ﬁ{/él&' &%2(8126 gxiggfélt vias 342 within the

i nt ende [imting In any wa
‘phase ¢hpngg mateiigl layes éé@ nilhe nithide elanpmsrﬁjﬁu ary defosjthd swithin vias 342, and

e GRS TRIR L BLT B B, S PR ST St v

phase clowlgd neateriad llayet BoO8,saddgitlsin vids| selettitel 9 btdbB@sifto CRAIRNA dielectric
049] FIGS, 9A and 9B illustrate a

layer ?%F‘U r‘%ﬁoﬁ n%%sa%%? aned b%rmgpvg}geq@ﬁfagg@@gcmss-secuonal shape,

it is noc onsiidedad @6 linfitiag GOARARNEP, 1ok bXarfplb thE %a%)gﬂﬁp:'oﬁfcﬁ’have additional
nbodi ment of the invention. The plurality of phase

Cmss‘st‘?ﬁ’éﬂ&é shangs pipes femaReta8B®r- i ncl ude a phase change
g | ayer 318 fornmed over sidewalls 320a of a
roos21g o, S8 1ok i P flusiate gplyralify of fhasswhargeanemory gements 400

constrtcEln a2e8kdagicd VItHEFoRYE Exdn il | RInEL drithe lﬂ’%ﬁ{l 1 Lfhe
r e g

having first electrodes 31 over a substra
plurality;of phase:¢hangg memanetamat649Gincndracphese ¢hegs mimmll las_/er 418

formed3dR2 sRiewhile 4@6@519 &Q@Hg ﬁxe’l@ctu%{ ‘nglar i@ c%ll? form (%V%g a first

electrode 322 is orne over enen
electrodpd14 The figst Gleetred¢9r4lé1 drayenme@2ithia affasndiclebeicirysr 41 Dewhich is

50 |G 9A n
formedéc?xée‘i”& Gé,ﬁagé has e’fil Ség%nd o qrs & 4%2 3 doy e@ﬁ%’ﬁng%?!é’&lem 416
fonnedr@\sqndm phase yhangaen&tennaltlhm:r l4a B g Ahthirdfdidlb&rit l4yet 434/ isf ReMed

' e n the length 1' of the second
betweeg%??%%éngf%c{m ver, it is not intended to be

f f
00531, T4 885 T g R BRI 0 B B REC

correspbndig to e &amﬁmﬁd as tttefaan:ed 3dr06s a filifze bF thd1shabd @ﬁaﬁlgz matenal
an

n 0 |IIustrated in FIGS
v sEEAERETRIREY FHESRTL B T, bl St s Bt
correspohdinghasiee dibaege asmiEsited bﬁffﬁsﬂé sdrlfch oF El% Sdf] BhdlgGRarerial
- and 2B. The seco tric |ayer owever,
layer 4% ne3y F%{ézﬁe ferat e‘FStf?ﬁgFe‘a High 1104 lelstf%ﬁ%s tﬁﬁ Rbesehapgromaterial
Jayer 4p®hevihgh plape [301311)81 4188 (R & bl B0cahe FBNR k1348 de Lo lateral
se! lectric . layer is fornmed over the first
portion3 A4 arfied vy e SS3 Al 421 PR SePEg dielesis lyead2q HBhe
illustra®@@GMask change material layer 418 has a middle portion 418a that is deposited to coat

the area defined by diameter d and has a top surface 418a’ that has a hei ght 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

12



dielectric layer is then selectively etched to create
vias 340 having sl oped sidewal |l s 320a. Conf ornal or
weani7i1aédsy confortnal phase change material i SPCT/US2007/007188

deposited on the sidewall 320a and bottom 340a

portions of the vias 340, and selectively etched to

create vias 342 within the phase change nmaterial |ayer

318. The nitride elenments 316 are deposited within

vias 342, and the entire internediate structure is
planari@p@;mrliaztéhd diglectde laynd%cl isateposiesl dd2eckckvdlpemhed @V@Eate vias,

wherei'h@?cc |v tpolaa?gz H}a | ayer 318, and within vias

‘he third dielectric |ayer

324 342 are illustrated as having
(00351 ec ang uf IOA? g&ﬁl EEE ﬁ‘é@ﬁ%ﬁ@l“@ﬁ% pEphase Pangsgpemapeaigaents 500
constrictedia dcboidthdtgwith adiiih $RYipl{rgenfoaTRER of HRSinViRRBn3 e plurality

d have addjtional cross-sectional shapes other.
of Pha%ﬁfi‘ﬂ“%%’é‘?%@lﬁ Flsmenjsgxomprisg a phage eheage agtqual layer St&formed

over sideWAllW S0atof a%@:c&ﬂﬁﬁ@]e@@ﬁﬁ%r@ﬁ%ﬁ%{ formeddler fi? electrode 514.

constructed i n accordance
The phasgyiange memsy elesdngs/ 30t aromearTh elepmmad) tlte)phaﬁe qﬂ’raagememory

< .
cemerTBTRIE o PR oo 15 A0S AU poase change
materiajdayen§ 18 iheveeﬂaned @oltéysr5182,0xhivh iitedss thesuifate e of the lateral

he f des 414
portiont S8 € il LM Emitd o o J00nblcledfrode ?éi,;? 412, which is
0056 " RS 81 PRSI o PR el e e

over “a ni
memorp hmm Bao glmsnmteelrm HIGBayea add 8 1BARIGI [ 1T digheet &l ﬁase change
ween the second_ el ectrodes

r et
materift 358k € founi 00 Bt (RS eiaige st e by Bt Sdavarls 5150, 2
bottomhﬁbstnm '$18ts hindl NarsatpRitichsS18E BRI BY Gotred R iR LRLce 520b of
sur d ac % s _a surface of the phase change
i

- the secyit dIERE Tyt 52s mhirberolectivew faryy aroame s Hlgsestad in FIG. 11C.

A nitridehderpBiaSH 6GH EgRdNBRIGhH 1R tr&ah, dicheANHe HitQdEL Mtk 516 is formed
r pondi ng to the di aneter as neasured across
on the %‘g‘? ﬂj@é 18p apg ghebpftasm ew&wgélﬁﬁpéthemhasw@ngm@tmeamst 518.
the_second_ el ectrode 422. FIG 10A illustrates the
(00571 o RIS A Brffestiieeie alanaggatiomafghe aisfide elemshthigrand the phase

change PfdiériMayt1 8§23t BAd tHeﬁieEJ%lHEﬁj EX? cohll glefctr[ﬁé %I:Sr%&r I%Qt%nal layer

and two |ateral portions 4 or me
5227 foupethqugrithe laparizsd syrfaes 320 @n@l t@etsmcmdmeqcepdagecumheszz’ has

been de'pbhtéﬁt frRlrae;. ﬂ@ﬁ%%ﬂﬁ@&%e@h@él & chleégc?g' hhRad] to the second

ortion 418a that 1s de 0 coa
dlelectr&elﬁyﬁe%?p%ywraawbtn&l@ 13Kd Tﬂ)&sf,hlad tistectriny lfaa@eSQAlJ(MG t m is

'subseqmay aeﬁg,tggto_vg,eéé X&Q%q:@ 498 ¢ E&gece 418b' of the

| ateral portions the p ase change materi al

[065 8] | ayﬁ{e M- ll[AotQaiéJl gRﬁ)ngISg‘B ﬂ‘% JJ%%g setcElgr? %\ucrf% W g}/eater than the

el enents 400 are Por e provi
thickness w’ of the sidewalls 518b. The greater width w of the flared portions 518c allows
for a greater amount of surface area in proximity to the second electrode 522. Therefore, in
operation, the current density in the sidewalls 518b is significantly larger than the current
density in the flared portions 518c¢ to ensure only the sidewalls 518b comprise programmable
volume and switches state. The flared portions 518c isolate the programrhable 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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second dielectric |ayer 420, and patterning the
dielectric layer 420 such that several vias are

woéanomadessh conformal or substantially confor mabPCphas®7/007188
change material is deposited onto the sidewall and
bottomregions of the vias to formthe phase change
material |ayer 418 foll owed by the deposition of the
nitride elenents 416. The entire internmedi ate

str oul d bepl rized, and a third dielectric
L9059) ay 5HER Ut s\l cstiRrossseictys e YOG wbiskdnalides a memory
@0@ %Ta
it 06 Bt s 5L G AR LG B2 R RMED vt e
mventlﬁn@é éesm@ﬁ@ @bmmﬁy resipeetdn FIGE 0BA cld s fer gicphade clmange memory

elemerft‘c‘lﬁﬁrmgﬁo\% |fth exenpl ary enbodi nent of the
I nventi1 on rallty of phase change nennry

I 5 t I
o060 STREHIGEPS,SEURE 56y 80035, AR T ] e
more pranessor§ For a{m;ﬂe,rzrmﬂnmuarsyatefn [geherallg comprses alebntrdi@ocessing

umt(C?’Eﬁ%ﬁ cha e nmory el ement s.500 are nearly identical
& S B adhisH OGN & digitahaan PARRSSTIL | erstthe peperampmable
digital Eﬂg%de\ih% am&th](ﬁﬁnnﬁk%ﬁ‘éﬁﬁvathsdndﬁﬁ@ydlﬁplﬁf(ﬁb) @évit8906 over a bus
hase change, ngterlal | .ayer 518 have fl ared portions
904. TRY gpemegyicHit 101 SIS KA die GPH 2080 venls S4eyriFally
througP@hddtyblkolidrat is in proxim ty to a second
el ectrode 522. [0056] FIGS. 1ICI IE illustrate an

[0061]1EXEMDIBIMAs B O%Itexf SRfelnt hd P ns@@r %Bs?e?ﬁ 960 ﬁ'ﬁg%ﬁl%de

menory el enent 5 i | ‘ustrated i H A an
Penphfrrﬂlcsleﬂcs@swh 32 eqrprast diss KEHY ROMrdyiverflOe whigh almmramcate
with cﬁgrmda AR Ghed 9651&&%&;&6@” Y

has si élevva s 518D, bot t om pog\tgfglﬁhg&g@lt d(ﬁdlgﬁ)f ar etc)JIly
constrystnd: gsmgnBeaged ¢iragit, WIhB)h mdludesja mﬁmorm afray 903 Bavihgetleast one
phase ééﬁ?ect [ vei 61%1%?%9%& cfégﬁcféﬁé S thﬁll ent1 r ailf el S"ecp ﬂ'%mcmory circuit
901 maylk@ combined de thd proeedsof; T6r ¢xmuudpde ﬁﬁ’w 904G, n a SlhBE integrated circuit.

trench, such that.the nitride elenent 516 is fornmed on
[0062]t heT!9¢ dleaieel descriptBm amddirawingb ate amiypxmbe bmxcfal@iaumfstrmm of

r e Fl G, 1l
exermpREfpGARRAR, IR dcRlcve BUfoatihd eV itpbecht o By invention.
Modiﬁéalﬁ)n&md submtpllmmseo spantje pmbmctcmldlticmy @hd Sthicturegaah bdmade
QS d el e¢ rode recursor teri
withouf G1Bg B0m{he R BPGHLFecPr oF HiediiSoenl B CLiTT A cssgaly. the
inventiGnisendthebs emtsﬁtitbrﬁl Meﬁﬁgi Hfited GyTth® Forbgodng BéssriBa6M and drawings,
SLt t he FI 1ID s ure is selectively

but s oé'gpﬁ ‘?gyfﬂéﬁ'?ﬁow 8 th@éf‘i’p??f{ H’img&:ond dielectric |ayer

520 illustrated in FIG 1IE. The third dielectric

| ayer 524 (FIG 11 A) is subsequently deposited over

the entire FIG 1IE structure. [0058] The FIG 1IA

flared portions 518c have a cross-sectional width w

greater than the
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thi ckness w of the sidewalls 518b. The greater wi dth
w of the flared portions 518c allows for a greater
wanrnke@d surface area in proximty to the seeomaS2007/007188

el ectrode 522. Therefore, in operation, the current

density in the sidewalls 518b is significantly |arger

than the current density in the flared portions 518c

to ensure only the sidewalls 518b conprise

programmabl e vol unme and switches state. The flared

portions 5 18c isol ate t hChAMSanmabl e vol une (the

sidewal I s 518b) fromthe el ectrodes 522 to reduce heat

| os$VHao ig ¢leineddeastreadendbdRireiMo Bproadctédby Nettert BAAEOS the United

the current necessary to change the state of sidewalls
States 518b. [ 0059] FIG 12 illustrates a sinplified processor

Syst. em%aﬂyle@g}néﬂgbﬁﬂ,%m% menory circuit 901 having

a phase change nmenory el enents 100 constructed in
BLRC Rt ile A R ERIL] ™ hace Change memory
%%*2582“24;5[#%69961@%89f w&wé%érbséeﬁﬁg%w{?e g
i 32%%%13"@5 PR RGSEeT rediey SR
Sunvwgﬁﬁfﬁi “?| nl&ﬁ%@%@%@%?mﬁ ‘%&H@ch nlcroprocessor a

ic devices, which connunlcates mnth an
having, a&%wr/ %ﬁ% fn ¢lerBralrammEnisaiotyEh saiddirst derodehe

menory circuit 901 communi cates with the CPU 902 over

and s 904 typically through a nmenory controller. [006 1]
In the case of a conputer system the processor system
goecensyelegirads de elssiriogherramugisoiion widyanupger surfasepact

) dlscg&CD ROM drive 910, which al so conmunicate with
of said phasegpanggmatesinblager. ve 905 over the bus 904. Menory

circuit 901 is preferably constructed as an integrated
ci r’euilihe mgtherty sleroentddslamnk mheyeiarspidypHa®3chuage ng at

| east one phase change nenory el enent 100 according to
t he i myaserial dayer if fodeei paly, oven sidewatis yf cdid sutatil®l may
be conbined with the processor, for exanple CPU 900,
in a shateliad clemegr ated circuit. [0062] The above
description and.drawi ngs are only to be consi dered

i | Bus flhatmanoryfelanentplf etaimeiyvadidi® atfEst sibiaéh oG eve
the features and advantages of the present invention.

Modi f iresaitatiog raatelisledahédtis plaRs: thQ SRE&IFIcE oPEAgesS
conditions and structures can be nmade w t hout

depar phag dhaogs inheriapiayed. and scope of the present
i nvention. Accordingly, the invention is not to be

codsi UpeesbnasryRedniént of Blah@d, Mhetdif alfREQAPRAIOF said
description and draw-ngs,
insulating material element is below a first surface of said
phase change material layer.
5. The memory element of claim 4, wherein a first surface of said

second electrode is planar to a first surface-of said phase -

change material layer.
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but is only limted by the scope of the appended

cl ai ms. CLAIMS What is clainmed as new and desired to be
wonrai7acé@ad by Letters Patent of the United StaPes/uiSst07/007188

1. A nenory elenment conprising: a substrate supporting

a first electrode; an insulating material el enent

positioned over said first electrode; a phase change

mat eri al | ayer positioned over said first el ectrode

and surrounding said insulating material elenent, said

pha$e Thamgamomelement ofieleimnd, whéroinesaid phdsechbange

el ectrical comunication with said first el ectrode;

and a sebwnlifaine attrandk oiver salikfitst eleatrods) andBaidat i on

wi th an upper surface of said phase change nateri al

| ayer . indulafihg maesiial yleale@nBi1bcize € vaibim daid Wageei N sai d

phase change material |layer is forned only over

si dgwafrhé nincspeRnientof @Abind ¥, WREETH @lid FhRARAAnge3- . The
menory el enent” of claim1, wherein a firsf surface of

sai d i skl 1296 BERURL Al SLGRRbmbRP! anar to a first
surface of said phase change material |ayer. 4. The

o 154 el YOGHED S g5 ©

said i nsu owafirs

surfacg,,of ' change material layer. 5. The
mmnyeggﬁ£§&:%m4,wmmﬂnafimtswfmeof

i |l ectrode i s .pl t first, f fo
sai o pREOBYRLFaLhRRrol daf F1hot @ Sid bishHiaBiere enan
Ot encreatrspotdih Esterdd B BORRNa BREASE S e ndt | g

material. . el enent is |ocalized within said trench. 7.
The medd §F°8¥r‘riﬁ’é‘ﬁie‘?ff‘3°&‘|e%ﬁ’%di to jwacedn PEPEH IS e
change

said second electrode.
10. The memory element of claim 1, wherein said phase change
A material k}yér has a total volume of apbroxirriately 59X 104
nm°.

11. The memory element of claim 1, wherein said phase change
material layer has a diameter in the range of about 20nm to
about 200nm.

12.  The memory element of claim 1, wherein said phase change
material layer has a height in the range of about 25nm to abc;ut
75nm.

13. The memory element 'of claim 1, wherein said phase change
material layer has a cross-sectional thickness in the‘range of
about 25A to about 200A.

i4. The memory element of claim 1, wherein said phase change

material layer comprises a material selected from the group
16



material |ayer has first and second dianeters. 8. The
menory el enent of claim7, wherein said first and
weoeeowndeadd aneters are different. 9. The nenoryPerTARISENT/007188
of claim7, wherein said first dianeter corresponds to
a surface in proximty to said first el ectrode and
sai d second di aneter corresponds to a surface in
proximty to said second el ectrode. 10. The nenory
el ement of claim1, wherein said phase change materi al
| ayer 9PRsistng of germpsiupranmonytel Bitiumtgerpamum- X 104
nnB. 11. The nmenory el ement of claim1, wherein said
phase teHamdre G@beSgﬁ, In3ly dnS dsSoy BeafniSnTen t he
range of about 20nm to about 200nm 12. The nenory
el enerffa,Oe, 1d.ainBbGe, ApMShTk, GeSibhileaTe,Gdyab e anat er i al
| ayer has a height in the range of about 25nmto about
75nm . G&SbSETe. menory el enment of claim 1, wherein said
phase change nmaterial |ayer has a cross-sectional
t hiknesgendrytdiRylcon@eisk: about 25A to about 200A. 14.
The nmenory elenent of claim11, wherein said phase

CAA0GATTBE @Ehdky LIBkERICATR SRSnRnitRy Bl Sel ect ed

fromthe groupconsisting o ;
comprigﬁgyrani umantinmony-tel lurium germaniuntelluride,
GaSb, SbTe, 1nSb, InSe, I nxSbyTez, SnxSbyTez,

GaxSey,l&astrhB Sh . e, TexCGeySbzSk and
GeSbSeTe.  1B. A “ﬁ@?é@?ﬁ?@ﬁ%ﬁ?g. ng: a plurality

of me MOt 91'.3&@&@ form&d inI aeségéiat?onnewﬂﬁ rsrgirdyﬁrg"tl (%&%cr:]ttric
conpri siNng:
layer;

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

a phase change material layer positioned within said via and
having a lower surface in electrical communication with said first
electrode;

an insulating material element formed on at least sidewall
portions of said phase change material layer; and

a second electrode in electrical communication with an upper
surface of said phase change material layer.

16. Th_e memory array of claim 15, wherein said phase change
material layer is formed only over sidewalls of s'ajd insulating
material elemenf.

17. The memory array of claim 15, wherein a first surface of said

insulating material element is planar to a first surface of said

phase change material layer.
17



a substrate supporting a first dielectric layer; a

first electrode fornmed in association with said first
wdized7aecéaddc | ayer; a second dielectric |ayer facmd2007/007188

over said dielectric layer having a via to said first

el ectrode; a phase change material |ayer positioned

wWithin said via and having a | ower surface in

el ectrical comrunication with said first electrode; an

|n3gla%#n material element fornmed on at |east

si déwal ® %@f&% Aday Pl clainy 15w Bereinpafitst surfacerof pid ayer ;
and a second el ectrode in electrical comrunication
with atisypies matarfabelement Bas alhqiphidessdhamybeight ef 4 al

| ayer. 16. The nmenory array of -claim15, wherein said
phase Bisasuyéaceaf saidghascaghange mafeviahbgeonl y over
sidewal s of said insulating material elenent. 17. The
neb®r yThe maynoof achpofeldin 19hehatin said pHasé cBatigbace of
said insulating material elenment is planar to a first

sur f acearfiabRiyéet ip faedChAmg QnaRYVeY iddwilRYSFsaii8. The
menory array of claim15, wherein a first surface of

said |§¢ayﬁcame[&trmaﬂa?gﬂ al el ement has a height |ess
than a height of a first surface of said phase change

' ofl er inku
Mep@r i Bhe ﬂn@bﬁ%&aﬂ-gy 8BS0 Ner&ih s34 125 1&&:?%51??&§ra1

wherein said ase change .‘materi a ayer or ned

Wt hi ne1aeh 8 h dddita fﬁay gf&)?ddo%%%gv di el ectric

| ayer. 20. The nenory ar wherein said

|Q§plqglggmgﬁﬁg%hé&ﬁshﬁggﬂ; has a disk-1ike shape from

t op- downh Vi 8w, ®Sor system conprising: a

R REESSSE angnd

a memory device comprising at least one memory element, the
memory element comprising:
.a substrate supporting a first electrode;

an instlating material element positioned over said first
elect;ode;

a phase change material layer positioned over said first
electrode a;nd surfounding said insulating material element, said phase
change material having a lower surface in electrical communication
with said first electrode; and

a second electrode in electrical communication with an upper
surface of said phase change material layer.

22. The processor system of claim 21, wherein said phase change
material layer is formed only over sidewalls of said insulating

material element.
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a nmenory device conprising at | east one nenory

el emrent, the nenory el enent conprising: .a substrate
weupparéddng a first el ectrode; an insulating nRCEMIS2107/007188

el ement positioned over said first electrode; a phase

change material |ayer positioned over said first

el ectrode and surrounding said insulating materi al

el enent, said phase change naterial having a | ower

surface in electrical communication with said first

el 25t r'breprogessonsystesw nficleine 24 r whiereima Gise strfaceadf

comrmuni cation with an upper surface of said phase

changesanhimsniatihg neyarial eRZnent isebepowe adhsiosurfays b saiodf

claim?2 1, wherein said phase change material |ayer is

f or medpiit yhaemabduaydrs of said insulating materi al

el enment. 23. The processor systemof claim2l, wherein

a 34.1 Sthphobastr HfsterRbficlaiis ob A h&BinBiEtdcahael ement is
bel ow a first surface of said phase change materi al

| ayer -elg&rodyeiffd}ﬁféﬁgééfgai ﬁhﬁgbgh&éﬂm&ﬁm [£1 N

sai d second ectro or ne ver said-insulating

TRt 1 flor Gl ETBOE i chdlddciload W fiags 8T AR dhepecond

electrqge I's planar ?o a ace of "sai d phase

change rial layer. 25 ..The processor system of
claim :ﬁ %@&%%F%m%%f%mﬁﬁggnghange material | ayer

fo trench over sajd first electrode, and said
el hbeReser et faim 2 Ptk dians toni o
trench. 26.. The processor, system of claim 21, wherein
sai d iRaGratayer %?it’ﬁf‘db?%fﬁé?ﬂld f?fégelﬁcq(?qcs pndysalthet er
corresponding to a surface in proximty to said first
el ect rigitdatingimatesialelrmrent isdetabiced Bithinssd Bend-t o a
surface in proximty to said second - . )

26. The processor system of claim 21, wherein said insulating

material element has a first diameter corresponding to a surface
in prdximity to said first electrode and a second diameter
corresponding to a surface in proximity to said second
electrode.
27. A method of forming a memory element, the method
comprising the acts of:
forming a first electrode over a substrate;
forming an insulating material element over said first electrode;
forming a phase change material layer over said first electrode and
surrounding said insulating material element, said phase change material
having a lower surface in electrical communication with said first electrode;
and
fdrming a second electrode in electrical communication with an upper

surface of said phase change material layer.
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el ectrode. 27. A nethod of form ng a nenory el enent,
the method conprising the acts of: formng a first
wehertizede over a substrate; form ng an i nsul aPCIS2007/007188
material elenment over said first electrode; formng a
phase change material |ayer over said first el ectrode
and surrounding said insulating material elenent, said
phase change nmaterial having a | ower surface in
el ectrical communication with said first el ectrode;
and®f of ¥ Fgthed<d clpim 2. adherednsaid insalasingnaatial
conmuni cation with an upper surface of said phase
changeclpaiert is depositpd overigsaidrfiest plettode, ehd sdidiphm@y,
wherein said insulating material elenent is deposited
over seliadgé magdriadlayer isddenedonly oaisilgwatis of shidnge
material layer is fornmed only on sidewalls of said
i nsul ainsuigtingiratdral eleheaent . 29. The nmet hod of cl ai m
27, wherein said phase change material |ayer is

dep@si Tememdd oF@ldimi 17, Whefi€6did pHSe RRRSMaRrial
insulating material elenent is fornmed on a first

sur f aqaf,gfis a8pchittl 356 GRARAEL IRBLGId 3hd L:Q?I %Esﬁmﬂngon

sidewal I s of said phase change material [ayer. 30. The

et hodngferitl dbbaris RRETY AR dhRRARE sGATRAE, mter | al

| ayer is fornmed on s sal d seco &l ect r ode.

31. T ' . [ el i,d insul ating
ayer ek ARl 1GEPME of ol RaR st B3R
nmet ho . L,fn 27, wherein said first electrode is
fornegn?%ngﬂ@%glof a first dielectric layer. 33. The

BN S R T S
sec onqayer is formed on sidewalls of said second electrode.

31. The method of claim 27, wherein said insulating layer is etched
to have sloped sidewalls.

32. The method of claim 27, wherein said first electrode is formed
in a via of a first dielectric layer.

33. The method of claim 27, wherein said phase change material
layer is formed over sidewalls of vias formed in a second
dielectric layer formed over said first dielectric layer.

34. ‘The method of claim 33, wherein said phase change material
layer is formed over portions of a top surface of said second
dielectric layer.

35. The method of claim 27, wherein said phase change material
layer is formed to have a diameter in the range of about 20nm

to about 200nm.
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dielectric |ayer forned over said first dielectric
| ayer. 34. The nethod of claim 33, wherein said phase

wohertgesavyat eri al | ayer is fornmed over porti onsrof/ua2a00p007188

surface of said second dielectric |ayer. 35. The

met hod of claim 27, wherein said phase change materia
| ayer is fornmed to have a dianeter in the range of
about 20nmto about 200nm 36. The nethod of claim 27,
wherei n sai d phase change material |ayer has a hei ght
i n36.heThamgthodfof abrimt 272 Siherdim sad phasethange Bidterithe

nmet hod of claim 27, wherein said phase change materi al
| ayer lagear lansGriesght $e cHei rangd oft dboak268s td fbdubgShmnge of
about 25A to about 200A. 38. A nenory array

COBP! | Fhe@iethddRIf ¢l 37y whbreie 50d Yh&le Smatial €ast
one nenory el enent conprising: a substrate supporting

a 111 Shy&l 186 W P0&: seBffordal BBl G HB LA asb.ﬂr@%\t
f change

positi oned over said first el ectrode; a phase
mat er i @l phaysdoaposi ti oned over said first electrode
and at |east partially surrounding said insulating

materi al ) i d. phase change material having a
Io%%r §d?§g§§2$%mg%%%??flal comuni cation with said
fgfﬁ§d£|8 trode; %nd g s con electrode in electrical -
SO S SRR pleten B ER ! SoF Pemerg Pt phase
change material layer. 39. The nenory array of claim

COMPIISWE: wher ei n sai d phase change material |ayer

conpl etely surrounds sajd insulating material elenent.
a substrate supporting a first electrode;

an insulating material element positioned over said first
electrode;

a phase change material layer positioned over said first
electrode and at least partially surrounding said insulating material
element, said phase change material having a lower surface in
electrical communication with said first electrode; and

a second electrode in electrical communication with an upper
surface of said phase change material layer.

39. The memory array of claim 38, wherein said phase change
| material layer completely surrounds said insulating material

element.
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