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| NCREASI NG PHASE CHANGE MEMORY COLUWN LANDI NG MARG N

Background This invention relates generally to phase
waeb@ngss4menori es. Phase change nenory devi ces PSEURNaG/@42102

change materials, i.e., materials that may be

el ectrically switched between a generally anorphous

and a generally crystalline state, for electronic

MENER YA SINIG iPER SFOGH ADNEE (VR ORY COTIIMNL ANBING MARGIN

utilizes a phase change material that may be, in one

application, electricall wi t ched between a

structural state of genesiaéfg%r phous and generally

crystalline |local order or between different

detectable states of | ocal order across the entire

sp@bﬂ&iumlﬁi@nwéews g@mlbﬂelrﬂnamﬁpmmariw con‘pl etely
ha e c

m%@ﬁﬁeaqhgnge mglpglal c}]eghceél 8§ea@}aﬁe 8}ar1ilg? Fiigferia %%als that may

be cRARENy awhEheathtldene, gonedily ermsihabs hia gmntwy@amﬁé state,
sem - anor phous state repr esenti ng a resi st ance val ue,

for elepanonicanermotysappleatione @nariynd ofghemere ¢lesena wilizrs 2 phase change
maté%ka? g{a‘?%;ﬁ?aﬁ o%@%ap]glﬁ%tl&l? aetéerc\t[tgcjlaﬂ? scv?teﬁe%sbee%g a'c\ aﬁﬁﬁﬁﬁal%rtate of
gen@ﬂt}r ghowphdus abdezeatalle ciystalliirfldet bﬁiér byb&t@a&vdllﬁﬁgren’c detectable
electrlcal power. Brjef Description of t Dr a
Stateﬁ@é {pcal qrdp Tsa“é?ﬁsélf*ﬁ aﬁﬁ%%pecwwgwetqoamte i gwr%wfo gﬁ’éd
com‘? btyg‘ﬂhﬁtst . &St B8 RH{SG R Hrd bl s is a'ls%q{o% volatile
s arged, cross-sectio vi ew correspondi ng to
in thEt g\thee sét 1ateithe19ﬁ:rymﬂie@tsemi agstaiinepanorfphots, oesdm- amorphous
ccordance wi.th one re.3.a
sate eSSBS G B BB aF Ao B peecygnogher
prog%ﬁﬁﬁﬁ%’é%ht 34 BRevAhe FRRYERSh Bhfseidd pﬁ?ﬁ@dl dRRCS tHé IAtPRB(e.g.,
enbodi nent; Figure 4 a cross-sectional view at a
crystalliseyeamiplytialy eThsfstrtaisumatiecied by renaesdeg daeftiealwiomst.one
enbodi nent; Figure 5 is a cross-sectional view at a
subsequent st ageB?{efﬁ%&lHD%%h ldf%el[ﬁa%ﬁl%%r dance with one
enbodi nent ;
Figure 1 is an enlarged, cross-sectional view of one embodiment at an early stage

of manufacture;

Figure 2 is an enlarged, cross-sectional view corresponding to Figure 1 at a
subsequent stage of manufacture in accordance with one embodiment;

Figure 3 a cross-sectional view corresponding to Figure 2 at a subsequent stage of
manufacture in accordance with one embodiment;

Figure 4 a cross-sectional view at a subsequent stage of manufacture in accordance
with one embodiment;

Figure 5 is a cross-sectional view at a subsequent stage of manufacture in
accordance with one embodiment;

Figure 6 is a cross-sectional view at a subsequent stage of manufacture in
accordance with one embodiment; '

Figure 7 is a cross-sectional view of another embodiment at a stage corresponding

to the stage indicated by Figure 6;
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Figure 6 is a cross-sectional view at a subsequent
stage of manufacture in accordance with one
weedotsent ; Figure 7 is a cross-sectional vi emCDUS2006/042102
anot her enbodi rent at a stage corresponding to the
stage indicated by Figure 6;Figure 8 is an enl arged,
cr Bgpsus & it dnoerddrged, evosssedionslheew efrmatherentbodfmért ef the present

. resent invention . at ast e.c e ding to the
inveljofpal o Sge RSP T e TS IERF L ngrpure
cr Pfgr?;l 1604 4 QBS-sSbtiBNH] GRE &?ﬁ@ﬁtﬂidﬁl t‘o%Eﬂu‘a 9rét aﬁot%r

anot enbodi nent of the present 1nvention;
emedlgl@néoflbhe peesentdyemgmicadi ction of one errbodl rrent of

o EPERE D A B tion g bR, ohe Plae jovention.

|nvent|on the col umm | andi ng nargln of a phase change
memory may be i nmproveDetailddeD@otipigh | andi ng margin is
the margin for_ etching the damascene col umm groove to
defn %F@Ofd@éw:mtb FPINE 6wgeélﬁ@m§ %ﬂ@eh‘@e@ena HYEBiioTy therrolumn

I
tand B3 e P OBl RERHEI A e FEBSVRY. The MuiiBREi Sl margin
is thé nrar@d foratchighthenlamasrehy t:(liigmlnr@dltb\&ttb ralgﬁmthe fcoimn cones&ors
col con ons may be defined s forned
Wlth?‘l"?rcgﬂé‘ﬁmtght e BE@F °§?¥8§ RNl éﬂ‘%r ailly HHURREK 8T top
electBORGE td:ARYH. GABL AolurfP¥hntQidnGrd 1%Hn€c!l &1%%1 g‘?lda,% O"leﬂ;éﬁlgrnrg

cases, overetching may occur, wherein the vias e
insulatiog frateriab whbese dblymmnud:dtuoname}/ pe defindddyy ving foraad through the

over i e e R P e L Co LAl e g i e TPl o

t g sdnfe SRS biérdRhing HBAF sl whidfdth Gl 8as @{@éfﬂrtﬁ@ far downwardly
consequences may result ei ther fromthe etchi ng or

and yltigricdy) peastppdnto aelri@mgsst@pg thengese 9han«gv greatakintageriaht dince a
has
o R ERBRINTS R0 1S5RS ABER TR IR s B4} I

chenﬁi@é[lﬁwﬁkf&{sy corﬁbq&ncmaﬁfe@@eaﬂﬁr Yront the et‘dhhrlg'm ft@n @ubbgquent
gin_is increased so that, even if overetching
clealb%temﬁ Namely, oyrertelinm i) chiltogerige of @t&ehphféwb%n@e fipgnory layers

may eI MRHRISF }ﬁé'e@&uﬁé;ﬁttfw SRk gﬁﬁfapﬁ&wmgﬁﬁﬁg' ng nore

sensitive conmponent ereun n accordance wth
on&hus, advantageously, the column landing margin is increased so that, even if

overetching occurs, the overetching does not reach down to the region underlying the top
electrode, damaging more sensitive components thereunder. In accordance with one
embodiment of the present invention, column landing margin may be improved by
increasing the height of the top electrode. In another embodiment, column landing margin
may be improved by using a material as a hard mask over the top electrode that etches
substantially similarly to the material utilized to encapsulate the phase change memory
and through which the vias are formed.

Referring to Figure 1, in accordance with one embodiment of the present
invention, a substrate 10 may be overlaid by a row line conductor metal 12. The substrate
10 may be a semiconductor substrate or interlayer dielectric, as two examples. While the
metal 12 is referred to as a row line conductor metal, the terminology “row line” versus

“column line” is essentially arbitrary. Thus, the metal 12 may be any conductive line.
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enbodi nent of the present invention, colum | anding

margi n may be i nproved by increasing the height of the
w0 op7e5aect rode. | n anot her enbodi nent, col um PENTE2996/042102

margi n may be inproved by using a material as a hard

mask over the top electrode that etches substantially

Si r@vleatheynd:t@l t2hmayrht Erinet aqualrIOIf mstlatiog éayeapbiaml k. tTe lower

h d th h th
iP5 TS R G ARG g o e Of L GHED Ul B Rper
insuiling qiéy‘é? 6 nf2ly HeMBicRErSH Mo\ A BslenBm SRS IFRE %xzﬂn%z]le in one
may be overlaid by a row |ine conductor netal

embgdinent, deelayer W?Wlab be forgiedio€ oiddecansthe layst tamay cbr: formed of
oxide a5 BTexl B B5Y ki o Bcb Ao QPR St i 0 ppprived

herelidd€et.er m nol ogy "row |line" versus "colum line" is
essentially arbitrary. Thus, the netal

coBirEp b newaling by oA naiLe A oS Fisy hodorosdysbioh ipimately
SRR 16 ook A A TR A i
Curreat easiap throdgH the hhstetippierial I8sgenedates Qlehtaylelbh 1£ca@ﬂb’le bé

t hi cker_ and forma of fer ent or
changingdhe ghase pf 5p Qverkypg P ﬁtcm%gﬁén%t%r@? Hbﬁeth’F Bhased

char%] l%‘dtéﬂtidh% n@3thd M RYES chhfto g&gd@e for m9d of oxide.

, ayer 14 nay act a n etch stop in certain
et dhitagk ie pieﬁmd ()72 t@dayﬁr ilbelght irelwles dfet hase dimnge glatariab20, the

op AP T P BRI ke i R e e b Teess

compBifentivhioR h@v&l&ﬂﬁlﬁbn BRERAl2 | THe S ohint N1 d¥Wa3isIh§/06 achieved by
nitride. Current passing through the heater materi al

formigg geereas of éayersefalawh\medhen gchedpiingdho sarahmaghi-ng t he
2D Sl B0 SRR3R TRCPRRRL Bt Bl i

encdpﬁul@tuﬁﬂ@&@%@ ITh d)ﬁe elﬁbS@lﬁ@ﬁt itife ehehpsnemionefer L6 malyajeefbrmed of
16 that i1ncludes the phase change material 20, the top
nitrid¢.ect r ode 22, and the hard mask 24. The stack nmay be

gﬁ ett Qfﬁfm{%t% %Jr@? &%:@g&&aﬁ&% y&tbeé‘lggﬂ)é\%ﬁeﬂgpﬁed to an

an1s61m1m etgh to foemi stdevadl] dpagees. sNavhelghtha heritdreal mimchfsdirmm ng
subsgagq%pﬁg gcgncg/rga 51{1@11 gﬁ %]ga\; 2&@%&% %gﬁﬁqﬁcaﬁgg{ %s 0? the layer 225—h €

Referring to Figure 3, the cells 50 may be covered by an insulator 28. The
insulator 28 has pores 32 formed therein. The pore 32 and insulator 28’s upper surface are
then covered with a sacrificial light absorbing material (SLAM) 30. Finally, over the
sacrificial light absorbing materigl 30 may be defined a photoresist layer with patterned
photoresist portions 34 and intervening openings 36.

In some embodiments, the openings 36 define the location of grooves which will
extend down through the insulator 28 to the cells 50. The openings 36 may be of
substantially the same width so that the resulting grooves have substantially the same
depth.

Referring to Figure 4, grooves 35 have been formed in the regions exposed to
etching processes by the openings 36 between the photoresist portions 34. Note that the
width of each region 34 is substantially equal and that the depth of each groove 35 is
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encapsul ation | ayer 26. I n one enbodi nent, the
encapsul ation | ayer 26 may be fornmed of nitride. Then,

WO edogfosidamg to Figure 2, the encapsul ation | ayePCRESI00§042102
be subjected to an anisotropic etch to form si dewal
spacers. Nanely, the horizontal portions are

subsﬁzuimaﬂﬁaqﬂaahi :ylerselthmde atetinglHiglt dspectrampdtnetirss isisebject to a
ertic portio t he | ay 26. Referring tp. Fi ure
pect laﬂfwf‘%rslmt ¢ sl ﬁagﬂwélpe%v&agécts e Dt e s o PG, it i

advdi 'ﬂa}‘ébﬁ’sttgrmeaé tHAR iR ﬁﬁsﬁgtaﬁt@eﬂlgﬁtﬁe thed.ein. The pore 32
I nsul ator 28" s upper surface are then covered
Wi 45 can bacsednfin cFunge #i thh grayeod berignddavervatly(tsitlanells G0 and

sctualy oV e g 27 Hobb Fudinaask By A O S FE PRty os e

insuRPGHIBr 2% Hdte? 'h%i/ﬁ@fﬁhegéhnmcﬂlﬁﬁ a{a\fﬁferchpmub k%128t 28, the
In some enbodi nments, & nings 36 define the

mask g¢ and the layer g8 @m/@slaUW rcatdl remowsd: dheivensint thersidegrallispacers
26 ar l%ym%i? a &1%6%&1%’( %rlp eéﬁgéll}rd; th\%%tcfp Sot%?l%@t'tl\n?gﬁ e’tﬁg;}er{s}%ﬁ&ethe

slde@an) @ya&srs%wﬁa}smbﬁﬁrammahhaw ingceanm vdentﬂne hﬁefnsasklzngmd the
to Flgure 4, g@looves 35 have been fornmed

msu}aéfg.?ér?ge ek eldus onewg smvg disiesb das wsulgipr ehang H@ﬁk Ayare oxide,
toresist portions 34. Note that the
Whﬂ\%\/?hd%)ﬁ)t%gggg% enrlfcgiggfléon 34 is substantially equal and
t hafaihtaminethe bldeWaHa apzh:eg;rlﬁqarewﬂés adslmdmal enitinallindirepmaitgin.

The Fesguse i B SUVGUPaEE b PRFLEDF AR SHRSADS AL tifdop
electibdlt fQ £fa thben@PEiiNIRIRE étﬁ&é %r&hﬁ) daRk hox%?et&ﬁlﬁ% does not

resutlng groove, 1t |savanaeoustomae
adeaﬂy hﬁ“ecv\bghﬂmheawpleﬁchyd@ %os@lmprotme&dml@ge@ée &aMehZO

e e 1 Ve tioahitout M diGes Bece e SR il Sifeh] fin qper

wo1di"ﬁbé’caﬁ§§dﬁf tBé pieSerite @€ t12fsidhRl1SpaErdTBd, @id @luds 14dlgng margin is
i nsul ator 28 or a material havi ng the sane etching

extrespely darger It sppscrot aeatich i sprg giveretshinzm e depaisk opthegyefection
el I I . vo o
a8 o AP S GOURL e p PR SRR i o
the faeittRatithd spaoets haremhade ofa differedehmertinMbamthetinatlator 28 and the
erial, the sidewall spacers 26 nay renain
mateéki‘ﬁﬁ%"‘&rf?’fﬁ‘lelhﬁrqrﬁﬁ -even when the hard mask 24 and

£ Ny the same etch that forms the grooves 35 in the memory region, a via 38 is

formed in the periphery region. This via 38 is ultimately filled with metal to make a
contact down to the row line conductor metal 12. Some of the sacrificial light absorbing
material 30 remains in Figure 4 because the etching has stopped. However, the via 38
may be deeper than the grooves 35 because of the different width of the opening 38
compared to the openings 36 in the photoresist 34. Thus, the trench 38 has a first region
which is etched by virtue of the trench 38 provided in the resist 34 and a second region 39
which involves preferentially removing the sacrificial light absorbing material 30 relative
to the surrounding layer 28. In other words, the etchant is selective of the sacrificial light
absorbing material 30 relative to the layer 28.

As shown in Figure 5, continued etching removes the rest of the sacrificial light

absorbing material 30 and etches through the insulating layer 14 that may be formed of
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i nsul ator 28 are etched. Thus, in one enbodi nent, the
i nsul ator 28 and mask 24 are oxide, while the spacers
WQeooans34mi tri de. Mai ntaining the sidewall spacRCBHUB06/042102
provi des additional colum |anding margin. The
presence of the sidewall spacers 26 protects the
nitride fsoe; ar@@urdem/amhsn ah ctdhethstopaiebeutilized ot this ﬁm ﬂtﬂ@s the

der| de | 20. t
rem 8 AT A0 Arur ly peeer 20 foraed o Bppe SR Gl daver 14
in séthe EMBodiiRhRC trad 1&/@@!4@&? RLAR Y@ stefPfor TesavefidinCiadht
arrows Mindicate the eftective colum | andi ng margin.

absqrhmsmmrlah@tchs because of the presence of the

ot P YARERELI TR g, 08 it 2 F e RE M i o

condamaﬁrehﬁmriagw czlaymh e eapire. wﬁe t:diﬁu@ﬂixﬂ:t @@tétlﬂMQaﬁﬁ}Oé)C‘ceﬁﬂ down
y the si dewal | spacers 26. presence_of th

to ﬂ@.f@@vlmewog@%@ rl@etqlal% 331da'51119é’§ éwtrOWfSlgrwés ip besupiad byrpyerlying
e QR
con BRGS0 SRR oot L ofTEE S o
40 f@4ned in thdmmmz&t Th]esb rstgha]fmmaysoM&uxgcamwah tiStopreldchede 24
mam)r%/ JEF%I on, a via 38 is fornmed in the periphery
in sqragPBROJITRNE: via 38 is ultimately filled with netal to
e r duedet of B
%Aecggrrcrlg{gcﬁ)@? ngg‘é‘@raltc |Irc(:71|5§1Ce %%tﬂg%gg?bl ng rrg e%?’gesent
inveaﬁon,artwnoriayarmop:elgurceiembm&em hielizetic fii srgnmggbodlments the

t Ho he via, 38 d t
top GrgBBES2 st Rirbed o Mhiedtnstel e rirdpn gl ity be°
advaRARSRLACInIBnGONPA 8 chelchHRi@PEROS fo? @xz!uﬁplte Necause the nitride

phot or esi st 34. Thus, thé trench 38 has a first region
helpgikt bind itlee metehions, igduging epatantinating qfrcéml@hgesngiep ridigi rdieigledl metal
S ' > O _
endl AR BB A SRR e A Ly e

relampﬂm l’ageﬂsHHbWe&ér Sthrtindbyereplovidetlesseulun@uiadding margin.
| ayer In other words, the etchant is selective of

Since %%mn#anépw MITEHHXLES ¥ B VAgcatetisetien. throshogphie pesctrode
22, thQ 1rLo§1§ 111(@1 &is 48t o etéfﬁﬁ du'ﬂl it&ﬂf far ?f%olu Hrd{)bvﬁi\?{/gi tly to

I ng r noves the res e sacr I al
ultinslgrdamage thsttoha]icagenﬁ& layt ZQt ches t hr ough the

| at.in 14 t hat _may. be. for don'
it e GOt e R el oD RIS s 24 914 Stifedymetal
suchtﬂ'tﬁarﬁﬁlﬁgﬁtrﬁﬁ ehgRniRCALBARIA IO §iRRE. Ak alB&ult, good

dewal | acers 26 formed of thé same material as the
adhelsay@p t11640ha cogenide layer 20 may be achieved without contamination problems.

Then, a different metal 22a may be added on top of the electrode 22 to provide additional
column landing margin. The additional metal 22a may be a lower stress film which can be
made significantly thicker. Examples of suitable materials for the metal 22a include
titanium, titanium aluminum, aluminum, aluminum silicon, and aluminum silicon copper.
Otherwise, the process may be as described before. That is, the techniques described in
Figures 1-6 may be applied to Figure 7. However, in some embodiments, those techniques
may be unnecessary and the column landing margin supplied by the combined electrode
22, 22a height is sufficient to overcome any problems due to overetching.

Referring to Figure 8, in accordance with still another embodiment, the hard mask

24 may include a nitride underlayer 44. Then, as shown in Figure 5, when the nitride layer
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in sone enbodi nents. The layer 14 may act as an etch
stop for the sacrificial |ight absorbing materi al
wetoh/osHihal |y, referring to Figure 6, the vi aBCBESZNE042102
38 may then be filled with a conductive material 40,
42, such as copper. The conductive material 42 may
14 ieettisxnicthcbmah, the tdpheeatmde D2 mtanainmﬁmoetowd byethe bvéerlimmlitride layer

4. Tt s of R WP ot BHRDe 1561 Ehrsccbriinghd sptpood of
Slgnﬁ}bgﬁ‘ﬂlﬂ/ a@hﬁlg otftﬁ?e t%ﬁleléeﬂ?odéoﬁldUCt ors 40 formed in the

I nsul at or hese signals may comunicate with the
t o;Reédrsng fmaﬂéy ®4F1gmre Soimeaceordentierneithy still mhnr@mbgdnmnt the

niteife BG4 ety B B GROAC i e 1R S S REHIEGY 1R hBrbing

matdFRY 3D e ﬂéhidvbé 510 addiflo0 BRhREHAM it Bichingth6cce@Pthrough the
el ectrode 22 may be forned of a nitrided metal.

insulsitqrr ide et th@sme hmy, secedar/maelaige dthond thecs@iwal&ltspwerm% may be
ofth%@?ﬁ%gl%‘?gnﬁ o%{thgé)def‘\%ﬁf srPngé’%%' A 8? RUSE, 8

PTG i ng

co M@Tﬁﬂﬁﬁﬁmg)ﬂf hé chdledgenige 20 de alterhtke ﬁaﬁe for pRakeroe tiad matenal may
tends. to _be a high stress material and, therefore,

be aggosaplishehby a@,%blyg vltagspofeagials fo theicanducers 4Dpng maa%r@.l &,
ther R Ehrind H YB1p PttRAA So R Y e 138 L g

Whenethe ivo]dadgedjotamd:ial imreaten ¢hamithe ﬂmasshbhievoéﬂag«nsta‘fcbhi@méﬂlpry ¢lement

re |jkel i's th t overet woul, tend far
o By Ficg e A Chious i GAIFAGR G in osponte to the

appli%@asjo@ﬁg@ﬁétgﬁld@ﬁﬁ& n%? reshitys heelt2 5%? MR @RRegEMBNLG. a

relative thin top el ectrode a nitrided netal,
su dhlsdseatmg anp alterihe medwrpstatei or phisgraf alnmcrhainspgcmd@ 20.dAltering

e st S SgRp b Ay A0 DGRy st o memor

matdi RNl 1ha trésiarRe @b HRMBaterld) @by /e dHefdded g&l’lferlﬁg tt@) phdgeiof the
may be added on top of the el ectrode rovi de

menmpdy mates el Megraiynateaisbimay alea bgireferrgghto %oﬁoprpgr@ﬁ@pab#‘eteawtwe
matéefd My be a lower stress filmwhich can be made
significantly thicker. Exanples of suitable materials
f o r[n tliee'rmt"azltata 2@enhorg matkerial nfagrbedman hﬁbmﬁoumalemiiamumhous
alum numsilicon, and al um num ?I|IC
statec%]'gﬁg Ithe set” state, memory material may be in an a crystalline or semi-crystalline
state. The resistance of memory material in the amorphous or semi-amorphous state may
be greater than the resistance of memory material in the crystalline or semi-crystalline
state. It is to be appreciated that the association of reset and set with amorphous and
crystalline states, respectively, is a convention and that at least an opposite convention
may be adopted.

Using electrical current, memory material may be heated to a relatively higher
temperature to amorphosize memory material and "reset" memory material (e.g., program
memory material to a logic "0" value). Heating the volume of memory material to a
relatively lower crystallization temperature may crystallize memory material and "set"
memory material (e.g., program memory material to a logic "1" value). Various
resistances of memory material may be achieved to store information by varying the

amount of current flow and duration through the volume of memory material.
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O herwi se, the process may be as descri bed before.
That is, the techniques described in Figures 1-6 may
wheooappd47ed to Figure 7. However, in sone enmboPCTERL086/042102
t hose techni ques nay be unnecessary and the col um
| andi ng margin supplied by the conbined el ectrode 22,
22 d unging i Figeres U, faipoitemt oftasysieer H0ie ascopdqnce tithrem ahlwdiment
to overetching. .Referri to.Flgure 8 |n accordance
OF g TRt PR HERT b oRTIRINT00 FHFE DR dReR Pl So Grepes such as.
for dxagipude é)@rsﬁhﬁlfdi Pal YENGkRA gmA),%apﬂ;b B pordéh] & tbiith
~Figure 5, when the nitride |ayerl4 is etched through,
wirel¢ss capnpilel cx Web thbleton wisplassrislephaiteet pegtran ingfent messaging
ver k.yi ni.tride |ayer, 44. T the .et of l.ayer 1
o FAE SR DS ERG oyt Ot Stpet Pty TP nit o
tranbrn @hd/Bpadeiat ifognationcaindlésglyetSBichOS O mbyiBe 114 in any of the
el ectrode 24. Referring finally to Figure 9, in

folloydiag syapies anwvirplesstlpeal agpaeterk BB SN histern, ervereless ppisanal area
0] I I .
netigfk S EAHB R BT et ARG Mok ol AP ot invcption
is ndayinaickdi ih itlois @dspedtchi ng and t his etchi ng proceeds
through the insulator 14. At fhe sanme ti si_nge e
i nsgdﬁfﬁ’ff’osroo_l’&a%ﬁ’&{‘ldﬁ@ cOpigRNRE Pl BBt O ievie Hee a
key%a???ig%%é gfiaﬁb rar%ﬁpaceésstnli@nﬁ deraht) sypag ﬁ{(fen%@%Z @?%’, Al %0

Programm ng of e chal’cogeni
wiredédss anterfive Si0abepled tpérmbeticf vialebuset5ér iAabattery S§Emay be used in

acc li she | ving.voltage tentials.to the.
son@ araannls 46 P et PP uiOlys 3o i breSend iRl i ot
limiw@l th 38Bo PR Raingdify Q% 21l b theS@EBRPordANI Ce and nenory
el ement. Wien the voltage potential is greater than

t h&anfreBerhdl OomgnoFarapfess, Hf exdiep!aeing oy nelre FEeHOPBY essprefigital
.an electrical curr f.l 0 r
sies il PG AR HRATL AT MRS hlFoc pie g e

mesRepic® Bhnsihifed 8006k BYBYYste@BI000 MeEmbigailiongayodlsd bigtionally be used to
chal cogeni de 20. This heating may alter the nenory
storg ingtractions ivd ke Grciipd by pantobises hdurmg thappaptionok gygtem 500,
I ' . t
ond BAR R0 FF R 0 e JEDALGEA P b oA Ry o of i
différbwet tyeesi o tnameey 0 Fot vempid, ednadry 589 niay cahipeise dnypiype of random

altering th hase of the ry material. l}%%r
Aot TERIORT, eIl B TISYATBr PLH  BORONE sy AR Blegiory end/or
a méBSyShil 8 MR8l @beushdll Hegn.'reset” state, nenory

mat érial nmay be in an anorphous or sem -anorphous

I/0O device 520 may be used by a user to generate a message. System 500 may use
wireless interface 540 to transmit and receive messages to and from a wireless
communication network with a radio frequency (RF) signal. Examples of wireless
interface 540 may include an antenna or a wireless transceiver, although the scope of the
present invention is not limited in this respect.

References throughout this specification to “one embodiment” or “an embodiment”
mean that a particular feature, structure, or characteristic described in connection with the
embodiment is included in at least one implementation encompassed within the present
invention. Thus, appearances of the phrase “one embodiment” or “in an embodiment” are

not necessarily referring to the same embodiment. Furthermore, the particular features,

structures, or characteristics may be instituted in other suitable forms other than the



state and in the "set" state, nenory material may be
in an a crystalline or sem-crystalline state. The
wo ea7ssaEmce of menory material in the anor phouBCDUS2006/042102
sem - anor phous state nay be greater than the
resi stance of nenory material in the crystalline or
partgaiar embydinet illustratedted all suchgoings ey b preaipatsed wittah the

1.the ssociatiog of reset and set w th anorphous and
claips OF fhepresat appHegion.  espectively, is a convention and

t halhad the $ASEnERvARRAHAE BenQRYE el WHHRYpRELAIPRIEInumber of
Using electrical current, nmenory material nmay be

embodiments, thwse skilledin thelaxt willghpreciaterpyeregows modifications and

o RERRGELES. TETS ol B B0 B o5 S mocisgetins

and Waiateons afigall willtin tthetryOsphianafscopRrattlis pedsent ialerdtdna
relatively |ower crystallization tenperature my
crystallize nenory material and "set"” nenory materia
(e.g., programnenory material to a logic "1" val ue).
Various resistances of nenory material may be achi eved
to store information by varying the anount of current
fl ow and duration through the volunme of nenory
material.Turning to Figure 10, a portion of a system
500 in accordance with an enbodi nent of the present
invention is described. System 500 nmay be used in
wi rel ess devices such as, for exanple, a persona
digital assistant (PDA), a |aptop or portable conputer
Wth wireless capability, a web tablet, a wreless
t el ephone, a pager, an instant nessagi ng device, a
digital nusic player, a digital canera, or other
devices that may be adapted to transmt and/or receive
information wirelessly. System 500 may be used in any
of the followi ng systens: a wireless |ocal area
network (WLAN) system a wirel ess personal area
network (WPAN) system a cellular network, although
the scope of the present invention is not limted in
this respect. System 500 may include a controller 510,
an input/output (1/0 device 520 (e.g. a keypad,
di splay), static random access nenory (SRAM 560, a
menory 530, and a wireless interface 540 coupled to
each other via a bus 550. A battery 580 nay be used in
some enbodi nents. It should be noted that the scope of
the present invention is not
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limted to enbodi nents having any or all of these
conponents. Controller 510 may conprise, for exanple,
WO@R@®708534n0r e m croprocessors, digital signal PCT/US2006/042102

processors, mcrocontrollers, or the |like. Menory 530

may be used to store nessages transmtted to or by
sysWeahiSeRimddrory 530 may al so optionally be used to

st o]1re in trgcti ons that are executed by controller 510
durfing th@eBRd oMPENNgf syst em 500, and may be used to
store USBfmidahPhaddiiBhde PSRoFBYitRE cRIEYIHRR rBMte@4]19n8%n

nore different types of nenory. For exanple, nenory

elecgnde pregr seidrepricegenzdeymatprial, sid elaptdertn ineluding arfisptang seepnd

olatile a_non-vol atile nmenory such as a flash
COH%&WEP%Wgﬁgﬁgg&éhhgﬁgpﬁhsuch as nenory di scussed

herein. 1/0O device 520 may be used by a user to

generate_a nmessage. System 500 nmay use W rel ess

i nt2er f ackhezashedot dlaipshincluging formmg ke figst sangbistivelayers in
confab QIR st EFUER a0 BUAR AN BRI bltiBe B0 0 o

540 may include an antenna or a w rel ess transceiver,

al t hough_t he sc of the present invention is, not

i it ed W_mqﬁh%do ‘?fﬁvéfﬁgé mchuing Brviss e kst BeRduptiylayer, over
the BREECoHAERTd 190kr! &F a RRR SR AL! inQlide AifkigT0Odi ment

nean that a Pparticular feature, structure, or
characteristic described in connection with the

enbodi o i ncl uded. i n, at | east e.l | e tation

encompaceapadiartefe! sPbdng SRRpets B Catpeae e ora
firstaRiRRAdsS @ forMingt tE sedhaeendiRNPe RFBOGH P Gf safdf first Ryéof a

enbodi nent” are not necessarily referrlng to the sane

secangiibigkmash greaten than spiddiret thickeespar t i cul ar f eat ur es,
structures, or characteristics may be instituted in
ot her suitable forns other than theparticul ar

ensodi nenmetdoldwshipakiad: and al | such forns nmay be
enconpassed within the clains of the present
appl i catPEne ewhleogenidepatedtlcorsicd by p&inskas been

describ %gvé’ijirfgrbafdeéﬁgﬁkflfﬂe ﬁa%eh%ﬁrﬁ%a{&‘f% wih a sidewall spacer;

enbodi nents, those ed I1n the ar appreci ate
andnumer ous nodi fications and variations therefrom It is

i ntended that the. nded cl.ai cover .all, such .
modi {1 CAPYBRE AHEF APV R PrRiSHa RRving FEbangally the
smn%?%hk%gﬁﬂgﬂ§ﬁgggsﬁﬁn&gks present invention.Wiat is
| | S.

6. The method of claim 5 including forming said fill material and said mask of

the same material.

7. The method of claim 6 including forming said fill material and said mask of
a first material and forming said sidewall spacer of a second material different from said

first material.

8. The method of claim 7 including forming said fill material and said mask of

oxide.
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1. A nethod conprising: formng a phase change nenory
with a chal cogeni de naterial and an el ectrode over

W@ a00d/osdaad cogeni de material, said el ectrode i neCT/UB2096/642102
first and second conductive | ayer of different
materials. 2. The nethod of claim21 including form ng
t hed.f i r skhecnettiod of clainl dyetydingfocmitgeatd sidawallsspiacker of nitride.
chal cogeni de material, of a material including
nitride. 3. The nethod of claim2 including form ng

t hejgsecong manswet éwﬁl 5 MldinPNehided\8id skt ov%pa@yﬂddcﬁee
| ayer, of a material that does not 1nclude nitrid

elemmqée ard Fooalingf saisl eanduativierebdctrdiln gvdronidichglcogemide mgﬂerlal
conductive |ayer of a first thickness and formng the
second conductive layer, on top of said first |ayer,

of 14, secm%éthwkmml Hfﬁl@hﬁ[ngtfbﬁﬁl gai Wa fhiré15h said fill material
t hi ckness. 5. A nethod gﬁ)rl sing: formng a

andéﬁan&%wm&w&mﬂuﬁw estfop§s a mask; covering said
chal cogeni de material and sai d mask with a sidewall
spacer; and covering said sidewall spacer with a fill
matlér i alTheawéthed sfuddsitralit inﬁ]uld)hgtfﬁﬁnﬁlg AEpasdivdtion layer over said
haracteristics as, said 6. The method of claimb5

man%SéHl RASHy 2} Ry sipeng femﬂé? of avpteripldiffgrent Gamdhemmaterighs used

as Sglﬁqﬂp@gf@u ﬁrsbllﬁmas?( The met hod of claim®6 including
formng said fill material and said nmask of a first

materl al and form ng said sidewall spacer of a second

diff f. id. f . .
retod dbeeneiiod o aiby (Ramatydigditing Supdpheh Siidddnaterial
1'em@ﬂﬂ% sal %d@”ﬁ%ll@fle&ﬁiggg@lcﬁsldé@‘ﬁl éﬁﬁ&&%ﬁbs@éntféll? e t8hed.

including formng said sidewal |l spacer of nhitride
The method of claim5 including formng said mask over

a qgnd UGtheYSethod of claim 11 including forming a nitride layer under said file

material and forming said mask with a nitride.

15. A semiconductor structure comprising:
a phase change material;
a mask over said phase change material;
a fill material over said mask; and
said mask and said fill material having substantially the same etch

characteristics.

16. The structure of claim 15 where said mask and said fill material are made

of the same material.

17. The structure of claim 16 wherein said mask and said fill material are

formed of oxide.

18.  The structure of claim 15 including a passivation layer over said mask.

10



10

15

20

25

30

el ectrode and form ng said conductive el ectrode over
sai d chal cogenide material. 11. The nethod of claim 10
WO p@bosi4smg form ng a via through said fill mateeT/ab20a61042102
t hrough said mask to said conductive el ectrode. 12.
The method of claim 11 including formng a passivation
| ayléx oVEre smicthreraSdainsH wheasissaidapdssinatiaylayerbefomped of a
. formed of a material different fromthe materials used
nitride. said fill material and said mask. 13. The nethod of
claim 1l including etching a via through said fill
material, renoving said mask while | eaving said
si ddval | Theptmeturssefdaiont 3 inklugingreetiddveadl spacer ofilseidmeashead said
ha%f chain1gl.lncluding formng a nitride |ayer under
P %a‘fh& Fiia"hdterial and fornmi ng said mask with a
nitride. 15. A sem conductor structure conprising: a

phase change material; a mask over said ghase change
matZdr i al Thegstiuriure pfealaim i inekidingsaiedeciradk betasen spad ghask and
- Ld fill material having substantially the
Smdggﬁéag?%ﬁggﬁg?%%teristics. 16. The structure of claim
15 where said nmask and said fill material are made of
the same _material. 17. The structure of claim 16
wheei n i upREO LIS Wherpin saidepleqtiods 1ssioemedpiniang layers of
dist¥f Bterid®: The structure of claim 15 including a
s pass?&gtgon | ayer over said mask.19. The structure of
claim 18 wherein said passivation layer is fornmed of a
ni tyride., .20, The structure of claim 1% inclu
sié %ﬁﬁ%

. Ing a .
dnal ITHESHBENTS Keig g 9454 magséngﬁgwggmde and
the G&ESTIsBld lageks dJdiGo8 tlcHRE Witgqef clai m 15 including an
el ectrode between said mask and
24, The structure of claim 15 wherein said mask includes a layer of oxide and a

layer of nitride.

25.  The structure of claim 24 wherein said mask includes a layer of oxide over

a layer of nitride.

26. A system comprising:
a processor;
a static random access memory coupled to said processor; and
a memory coupled to said processor including an electrode and a phase
change material, said electrode over said phase change material, said electrode including
two layers, a first layer including nitride and a second layer not including nitride, said first

layer being in contact with said phase change material.

27. The system of claim 26 wherein said second léyer is thicker than said first

layer.

11



sai d phase change material. 22. The structure of claim

2 1 wherein said electrode is fornmed of two |ayers of
waleaviossar4 mat eri al s. 23. The structure of cl ai PERRS2006/042102

wherein one of said layers includes nitride and the

other of said |ayers does not include nitride. 24. The

st et urregtysienueiplaim Jhiselbiling saiod dnaetkesitenclingbsough an
: ' . r of. nitride. 25. The
lnmg%¥ﬁ%¥ﬂ%g8§$g§ﬁgﬁgwghE@%@?%FNESaid mask includes a

| ayer of oxide over a layer of nitride. 26. A system

conprising: a processor; a static random access nenory

c o[% ed s sysern qfchiwsiorhereingaid firsitayey indudssditartion aluminum
nitrRi@l d processor including an el ectrode and a phase

change material, said el ectrode over said phase change

material, said electrode including two |ayers, a first

Iaéﬁr i Iudingﬂgjitide %nd,a second | ayer not
i ncPudi ﬁgleﬁwﬁ clainyi g whereip spigyfisst lpyarpge higheosttesclyer than
Smdwg&nmqug.phase change material. 27. The system of
claim 26 wherein said second |ayer is thicker than
said first layer.28. The system of claim 27 including
a conductor extending through an insulator and maki ng
contact with said el ectrode. 29. The system of claim
28 wherein said first layer includes titanium alum num
nitride. 30. The system of claim29 wherein said first
| ayer is a higher stress |ayer than said second | ayer.
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