TI TLE MEMORY DEVI CES AND METHODS OF FORM NG THE SAME PRI ORI TY CLAIM Thi s

application clains the benefit of the filing date of United States Patent
Appl i cat iwo 288va2adesNunber 12/ 195,510, filed August 21, P008;S2600/0541EMORY
DEVI CES AND METHODS OF FORM NG THE SAME". TECHNI CAL FI ELD Enbodi nents of

the present invention relate to nenory devices and nethods of fabricating
the sane. In particular, the present invention relates to nenory devices

having laterally constricted phase changgmsteri als or el ectrodes of

different w dths, WREERIORVHEVIVERANDMETADDYOF FURNIENG qRIFSSAMEL | ons or
narrow el ectrodes are on opposing sides of the menory device and to the

fabrication of such nenory devices. BACKGROUND Phase change random access
menory (PCRAM refers to a non-vol at} vi ce capabl e of recording
and readi ng data according to an app‘%@&ﬁ?goé%ﬁﬁ In a PCRAM devi ce a

vol ume of phase chapg h@d @hindsIhdiRpest dfekk MRigeRfoft Ukited Ratsmaes to form
a single menory cell. Phase change materials are used in el ectronic nenory
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t han one val ue rical Tesistivi r exanpl e, when the phase
change material is in a crystalline state its resistance is |low, and when
it is in an anorphous state its resistance is _high. In a PCRAM devi ce, a
programmi ¥y current is passed thr oudFERECGHHEEL hange material to induce a

phase change. Thisg BBQ&{;@H?%%@Ehjw‘z‘és%x‘?trlhv&'ﬁﬂﬁfé‘étgfo @%Emacﬁvﬁé ﬁﬁl%%thﬁ s drhe

el ectrical resistance o se change nateria amount o
generated i s fabo@oing ittersamet dnpémmdarg the preseigisvengion releaesftoxrmdwmﬂumsdnﬁvmg

material. As the volune of material is d creased. th i ng, current
fequired to i R ORETERLERASE ALARgE mafesals R ERaRalss of il ML VhEE e
programm ng CpfRMbortiSns' THCEM ] BEsBITREAS otarBRAleBBR& RS 6ﬂoxﬁio§ﬁgqﬁ1@§ g@ses.
Since each menory cell utilizes a programm ng current, and ere are

mllions &f nbaoremoretitscqrmd tPERANedTef sugh mgmypey davigeal | ener gy input is
required to operate thedevice. It is desirable to reduce the anount of
programm ng current required to induce the

BACKGROUND

Phase change random access memory (PCRAM) refers to a non-volatile memory

device capable of recording and reading data according to an applied current. Ina

20  PCRAM device a volume of phase change material is deposited between two electrodes to
form a single memory cell. Phase change materials are used in electronic memory
applications because of their ability to electrically switch between an amorphous and
crystalline state. These materials selectively exhibit more than one value of electrical
resistivity. For example, when the phase change material is in a crystalline state its

25  resistance is low, and when it is in an amorphous state its resistance is high.

In a PCRAM device, a programming current is passed through the phase change
material to induce a phase change. This programming current generates heat as a result of
the electrical resistance of the phase change material. The amount of heat generated is
proportional to the current density in a fixed volume of material. As the volume of

30  material is decreased the programming current required to induce the phase change also
decreases. Furthermore, as the programming current is reduced the amount of heat
generated also decreases.

Since each memory cell utilizes a programming current, and there are millions of

memory cells per PCRAM device, a large overall energy input is required to operate the



phase change and, in so doing, reduce the total energy requirenents of the
device. Additionally, there is an increasing need to produce ever-snaller
menory dewoeenyo22ssnenory devi ces are condensed, the relpafrivseoodiosiiance

bet ween nei ghboring nenory cells is |essened, resulting in cells of
extrenely close proximty. It is theorized that cells in such close
proximty wll be subject to increased thermal influence from adj acent
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operating with reduced ene a i bl e thermal cross-tal
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i sol ati ng phase change nenory cells. Adjacent phase change nenory cells are
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the invention; FIGs. 6-14 are cross-sectional views illustrating the

fabrication ofhangfe [FtsoRY carsvitalls sgrot pregented, itFs pessiblesthotthe phase elpage gwtariabnal
views illustrating.d r i 0} 11 68 M stk . FIGs.
22-24 are cr o‘gfts secs:t%bg%éa hv{)rge\?\té Vﬁ{}(fh Jutnteat [ n hxecg%ﬁr ?cartgliflsoér: 0 ( ie menory
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fabrication q{ F Jﬂ)gﬁ
t would be desirdble to form a device capable of operating with reduced energy draw and
negligible thermal cross-talk despite minimal scale and high cell density.
U.S. Patent Application Publication No. 20070181932 to Happ et al. describes a
method of thermally isolating phase change memory cells. Adjacent phase change
20  memory cells are separated from one another by first and second insulating materials. The

phase change materials in the phase change memory cells have an hourglass or tapered

shape.

BRIEF DESCRIPTION OF DRAWINGS
25 FIGs. 1-5 are cross-sectional views of memory devices in accordance with
embodiments of the invention;
FIGs. 6-14 are cross-sectional views illustrating the fabrication of the memory
device of FIG. 1;
FIGs. 15-21 are cross-sectional views illustrating the fabrication of the memory
30 device of FIG. 2;
FIGs. 22-24 are cross-sectional views illustrating the fabrication of the memory

device of FIG. 3; and



device of FIG 4. MODES FOR CARRYI NG QUT THE | NVENTION A plurality of
menory cells having an increased di stance between programabl e vol unes of
adj acent weroryo2ewsl s i s di scl osed. The plurality of nemomysec@blos4isny be
utilized in a nmenory device, such as & PCRAM devi ce. The PCRAM devi ce may

i ncl ude a phase change material as the electrically switchable
(progranmabl e) material. The phase change material may be configured in the
PCRAM devi ce as a PIRSES-26aREfosiBEGIohal vidlSilBRtatinBiheifitGc8ASH 3hé ARn@Bt ance
bet ween adj acent programabl e vol unes, thermal cross-tal k between the
menory cel | s deyiceedli . To increase this distance, the |ocation of the
programmabl e volunes 2 of the adjacent nenory cells 4 on the nenory devices
6, 6', 6", 6'" are vertically staggered or offset relative to one another,
as illustrated in FIG. IMODESEORTARRYIGEIOUT THREINWVESTEONWhase change
material el enment 8B di sposed between two el ectrodes, such as between a

bott om el 8ct r ode 10 PHEdIY of Bsmereealls haeng on ingreasedeligipnge Setwesn prograspailenged
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pr ogr anmabl e widizedrin £2memogrdevivessuchhdi aPERAMraemicey Thel ACRAMEadeviee npayandludet e
the top electrode 12. I n one enpodi nent, the ase chan mat er.i.al el enent
8B may i ncl udkPESF Haggamalpn P geqtgwﬁw@weww%?q@rq%%gﬁ?) materigly Jb¢r at ed
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constriction in the vertical rection of the nmenory cell 4. The Taterally
constrictldd posateiigreleidentely berdasiog thedlisitncabeiweer ndjacsat progtahemgbhawdumbange

materi al el enent 8B and,the bottom el ectrode 10 or. top electrode 12,  as
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el enent 8B, al@cdtﬂoh%iHe@{r@%ialhﬂlaﬁE Bluntes2H i adjdeent!n¥rgoralcblys £omnek mephid(
portion 14 may substantially correspond to the programmble volune 2 of the

menory cel | 4devicgs furftthed’” atetysticaBn staggerided ofisetirplpiie to ne angtherpasallusirated
bottom el ectr. N r : Y M gt h
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material at the lateral]y constricted portion thereof that electrjcally
swi t ches bet we¥MEROR 618G 8RERddn 3 arrey- yRBY HRY PhROsHmitieeikeRPS: Beirrent i s

applied to t r}ﬁogrammable volume 2 of one memory cell 4 may be proximate the bottom electrode 10

while the programmable volume 2 of another, adjacent memory cell 4 may be proximate
the top electrode 12.

20 In one embodiment, the phase change material element 8B may include a laterally
constricted portion 14 thereof, as illustrated in FIGs. 1-3. The phase change material
element 8B includes a narrowing or constriction in the vertical direction of the memory
cell 4. The laterally constricted portion 14 may be located at an interface of the phase
change material element 8B and the bottom electrode 10 or top electrode 12, as illustrated

25 inFIG. 1, or at a location within the phase change material element 8B, as illustrated in
FIGs. 2 and 3. The laterally constricted portion 14 may substantially correspond to the
programmable volume 2 of the memory cell 4. In another embodiment, which is
illustrated in FIG. 4, bottom electrode 52, 54 or top electrode 58, 60 may have a smaller
width than the width of the phase change material element 8B.

30 As used herein, the term “programmable volume” means and includes a portion of
the phase change material at the laterally constricted portion thereof that electrically
switches between an amorphous state and crystalline state when a current is applied to the

phase change material. The programmable volume may be in direct or indirect contact



phase change material. The programmabl e volume nmay be in direct or indirect
contactwith the bottomor top electrode of the nenory cell. If the phase
change mavennalo2ewes not include a laterally constrict eg#cparstooons4iBer eof ,
the term "programmuabl e vol ume” neans &and includes a portion of the phase
change material in contact vvith the bott om or top el ectrode. As used
herein, the terns "bottom" "top," "upper,” and "lower" are relative terns

and describe pasithd Kkom dF t6PE18EHIAB of he@ndihtrs LEIRL I theiMRsdNatst hiSriATRIGeS Yot
device is forned. The ternms "top" or "upper” refer to a position distant

from the subsinchdea laerally panstristodeportinathere!l, te terrro‘mg'ram@ablﬁ vplyme” mm i on
in close proxéﬂﬁfn ;}Jg)?u &ﬁﬁé SilSe c}f%g%"% éeml ﬁ%@m%ét%@h tﬂ9b§ X308l &y, the

phrases ' bottome op e 4eQred Vit Ve PSP BRd nean
and incl ude télectfcmleatl on of a conductive material of the electrode with
respect to the substrate. "Bottom el ectrode" describes an el ectrode which

29
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(G), germanium (Ge),” arsenic (As), silver (Ag), indium(ln), tin (S
ant i nony {(8b) tergoani r(lmn)qndIlma@ﬂe(tﬁmbocatmn&ﬁatchml&hw matednd ofulne e{wtl)ode patﬂll adi um

Pd cobal t ( atl ns t .The chal c en| de
Compound may Berat e Hont HeiRiR: BRGHES S slrEbER M R FEIRE S, hese
el enents. By e¥ulsktraROWhild ftbp bloGrRIBRIES to A@edtidak GRURTE HBtaL QRO rABY
i nclude the follow ng conbinati ons of elenents: Ge-Te, In-Se, Sb-Te, Sb-Se,

Ga- Sb, Ge-Sh, |n- SBs uses heeein, sbe phaase Sphasp change Mnterial” meansandinicludes &h- Te,
o Sb- So. To. QR Rend & R oAl ool T gni s B hosfite il o,
Ge- Sb- Te-Pd, Tee GtatcbgerGon oSthe phaddich&itye rigerial nily-bbaxygser (B); Séfud ¢S), selenium
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arsenic (As), silver (Ag), indium (In), tin (Sn), antimony (Sb), gold (Au), lead (Pb),
bismuth (Bi), aluminum (Al), palladium (Pd), cobalt (Co), platinum (Pt), or combinations
20  thereof. The chalcogenide compound may be a binary, ternary, or quaternary compound
or alloy of these elements. By way of non-limiting example, the chalcogenide compound
may include the following combinations of elements:
Ge-Te, In-Se, Sb-Te, Sb-Se, Ga-Sb, Ge-Sb, In-Sb, As-Te, Al-Te, Si-Sb, Ge-Sb-Te,
Te-Ge-As, In-Sb-Te, Te-Sn-Se, Ge-Se-Ga, Bi-Se-Sb, Ga-Se-Te, Sn-Sb-Te, In-Sb-Ge,
25  Ge-Sb-Se, In-Sb-Se, Te-Ge-Sb-S, Te-Ge-Sn-O, Te-Ge-Sn-Au, Pd-Te-Ge-Sn,
In-Se-Ti-Co, Ge-Sb-Te-Pd, Ge-Sb-Te-Co, Sb-Te-Bi-Se, Ag-In-Sb-Te, Ge-Sb-Se-Te,
Ge-Sn-Sb-Te, Ge-Te-Sn-Ni, Ge-Te-Sn-Pd, or Ge-Te-Sn-Pt.
The stoichiometry of the elements in the above-mentioned chalcogenide
compounds is not limited. As such, any known stoichiometry of elements in the
30  above-mentioned chalcogenide compounds may be used. In one embodiment the
chalcogenide compound is a compound of Ge, Sb, and Te (a GST material), such as

Ge,Sb, Tes, GegSbsy Tesq (also known as GejSbyTe;), Gej4SbygTese (also known as
Gelssze4), Ge4oSb9Te51, Ge448b5Te51, Ge288b27Te45, Gesgsb19T€23, Ge17Sb27T656, or



chal cogeni de conmpound is a conmpound of Ge, Sb, and Te (a GST material),
such as Ge2Sh2Te , Ge8Sb32Te56 (al so known as Ge] Sb4Te7), Ge) Sbh28Te56

(al so knowo 2a8/0G2(65b2Ted), CGe40Sb Te5], Ge44Sb5Te i, CeP8BhBRZNOAH54182
Ge58Sh] 9Te23, Ge] 7Sh27Te56, or Ge30Sb FTeb53. In anot her enbodi nent, the
chal cogeni de conpound is Te8[ Gel Sh2S2 or Sbh2Te3. The progranmabl e vol unes
2 of the adjacent nenory cells 4 are vertically offset relative to one
anot her, as s@eysb,iTesf I Ianotherbmbddah@f, (BOEHaNDEeMaY concR@l TG Shot Wwres 2
of adjacent nenory cells 4 are positioned on opposite sides of the nenory
devices 6, 6'Sb8e 6'". As shown in further detail in FIG 5, the nenory

cells 4 have a bit+f0- 'g g'! I C i and
a space s. The bi tTI{leoHrgét |a§e§&g§m§fojl %ftt{fﬁéed]%%eg%%%xgﬁb%p%\ggrﬁ%& (%‘gg%%%l e
vol umes 2 of wmtitiaeeninermomhey acslohd id FIGha-hebghid ahothsr whe ptoppghinalie t he

phase change material, and the space s is the horizontal  di s{fance between
the cent er o‘fOI%?Sa%%ﬁﬁdJW‘i}n%lcFlés ‘yare pesitipfed nagpeite fidyd Pl NG BFMAEY 6,
6, 6".’ 6" C&R‘% OS5, é”%’d.egggﬁvcv@nilntﬂlﬁb&%'eﬁhtin ?I . ,%%@&&'&8@4 have a
approximately 20 nmito approxinately 40 nm and the’ space s  may range from
appr oxi mat el ybiR®-bimlistanappr ternmd destancé)Ql, aheigByh, \way a spacaenThe hit-to-biy disteaogp! e,
when the space.s, is approximately 20 nm the height h is fromapproxi.mmtely
20 1m o appr ol P EEREERS T PR BEbE o s 4oL A HemonCeRIE ) e SEieas
the square ropfsRf1chfiR of tte PhascBhaNRYmAErid) Ol thd Wpabd\Dis S REzBntal distindeS 20 nm
and his 30 nm d is approximately 36 nm In contrast, the bit-to-bit

di st ance I of beawesmriheernitasniaf adjasmaimperderyicelds 4.i As thigiszh of emorodgvasesahé’es”,

vol unes of adj,acent ry cells . are.on the sane vertical ane, as one
another, 1 s chspaSaeeRE, b e el b’ BT ALEI At PR3Pt srmn o

vol unes of t hgpaskieeRt40mRTeRd/he 8pdcs s mdy rafdedFornapdexiniafel 2@ aRent i onal
menory device where s is 20 nmand his 30 nm the bit-to-bit distance d is
20 nm The emipexiapely 49mm.nBy pago€pen-limjtEg axampleayhecthg spaceiséed in

conjunction w 0 i B i i _

Cobrioation tirbRSARKE AR he hEGHNHER HIRMNELy 20 PR GORARKOY dpm, |\
fol | owi quqestmeq tit-iochit cgstam!dedhis calpelaictl s thdatyairt ot sf(glma%). rmt\eaycg] types,
hor ough des CRITKTOHETBHEGL Rdgs S}t ReUgFe o EPITRVEHSHDHE T Jo U o
ordinary skile bftd-BR difdncdMi bf 2 HAHRASIANMBA ddviie, Bhash ﬂi‘i@@%&greﬁi;lm%lklg

present invention nmay be practiced w thout eriploying these specifi
details. |n addirhésord adjshent desery ptliscre gr teisaeel vértea iptand eegne another, is equal

to the horizontal distance between the programmable volumes of the adjacent memory

20 cells. In other words, in a conventional memory device where s is 20 nm and h is 30 nm,
the bit-to-bit distance d is 20 nm.

The embodiments of the present invention may be practiced in conjunction with
conventional techniques employed in semiconductor fabrication to produce the desired
memory devices 6, 6, 6", 6"'. While the following description provides specific details,

25  such as material types, material dimensions and processing conditions in order to provide
a thorough description of embodiments of the present invention, a person of ordinary skill
in the art will understand that the embodiments of the present invention may be practiced
without employing these specific details. In addition, the description provided herein does
not form a complete process flow for manufacturing a PCRAM device, and the PCRAM

30  device described below does not form a complete semiconductor device. Only those
process acts and structures necessary to understand the embodiments of the present
invention are described in detail below. Additional acts to form a complete semiconductor

device including the PCRAM device may be performed by conventional techniques.



not forma conplete process flow for manufacturing a PCRAM devi ce, and the

PCRAM devi ce descri bed bel ow does not forma conpl ete sem conductor devi ce.
Only thoswopnomoes®sact s and structures necessary to undecstspeotbas?

enbodi ments of the present invention are described in detail bel ow

Addi tional acts to forma conplete sem conductor device including the PCRAM
devi ce may be perforned by conventional techniques.The illustrations

presented herein arge MAktrARANrebdtddherGh balnoVin8a tdbe R4 PRGE bEEAr PCRAM
devices, but are nerely idealized representati ons which are enpl oyed to

descri be enbopiriapard (FFAMdevises duhare imepady idealized represgaiatipusrivhigihare employed

|1 ustrations, af.c. Rt QL AWML r35AEsen "n%‘n%kslnaé‘déirllo%?@q% ifmatdhat petween
figures may retain the sane RUTer cal d1e5|gnat|on. o’formthe nenory

devi ces 6, 6'drafinto &cale. Rl&iBehoiddofantates cbmamda bivesRighes ma$ tetsialthee@dmepl ug”
inthe dielectric material 13, as illustrated in FIGs. 1-4. The dielectric
material 3 meym@cakdssigBaiaqn om a suitable insulative or dielectric

material, such as ' i}l degc I .t | e,
the dielectric natg(ﬁllﬂgﬁll tggm%qf%ﬁegvg{eggh%’ @ﬁﬁ%ﬁg%&%@%&%@&}g}%@% , Where
z is 1 or 2, $E&VEdSplhg’tmnhaditletitie maveriad t 3rad didtrathe imEIGsQVB. $hd Bkklecitie
dielectric materi.al. 13 and.the bottom el ectrode 10,. .be farned, over a
substrate (noPPEHBVI)makkiifred gowr%ﬁal? BRHROG Gricilertiomatenal S1oBas 8k hor

bul k subst r at ;inGl 4di-i8. By\aYeIr nBh-1REMAEARAE He JTBL&FE RlateriABl HagFLIET €1 N,
the term "bul k substrate" includes not only silicon wafers, but al’so

si i con- o i nladre ehance8OVI) (SUHEVDAXSHO,, véicks Tisr-ayi2: BEGHH sikicop 68e Jor
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si |'i con- ger mapd fofhedeVoia BhbsiateqAdt! showh RSB d Ronwhtibm kliBd PABSERAE Beothdihe
substrate nmay be doped or undoped. To formthe bottomelectrode 10 as a

pl ug, the di ebudksylstatgenciiding a 3erpfpenpicopdiotes mpaerial.oAs Byombhgpsat. thertesn “Gk ch
are filled w s {] i t . »10. The
conductive ma e?%%fﬂ ‘féﬁgg‘%&ﬁlé’i‘ é@gqﬁ%ﬁlﬁ bvlﬁsersg%%nt;ﬁ'sﬁ@ Cé)hpot@ 6@%&\??8{ int al um
nitride (IBaN)subRiates siligsi-@nsapphire (SOSANubsthates, epitaginl Layemiof kiliden ¢nla Bjse or
titaniumalum numnitride (Ti AAN).. The bottom el ectrqde 10 may,%ge formed by
a convent i onaffena%ﬁg?tﬁ HN{aieRfing eher seraisoniuicly o pRIAS eciTonicdpaFiale Bl 45 on

(CVD) or physg‘,iﬁ&aln-geﬁaa{imﬂ?g&ﬁfaﬁﬂuﬁﬂ SRR arseBRiet &19RG R phb i ko %@%ﬁl%}s‘{rﬁte
material overlying the dielectric terial 13 may be ‘renmoved, such as by
CWP. Al t er natigebgdopeler oudighadt Ty éormethe botédm electrdie 1ot apng thectislediec 10 may
be forned

material 13 may be patterned to form apertures, which are filled with the conductive

20  material of the bottom electrode 10. The conductive material may include, but is not
limited to, W, Ni, tantalum nitride (TalN), Pt, tungsten nitride (WN), Au, titanium nitride
(TiN), or titanium aluminum nitride (TiAIN). The bottom electrode 10 may be formed by
a conventional deposition technique, such as by chemical vapor deposition (CVD) or
physical vapor deposition (PVD). Portions of the conductive material overlying the

25  dielectric material 13 may be removed, such as by CMP.

Alternatively, the conductive material of the bottom electrode 10 may be formed
as a layer or other three-dimensional configuration over the dielectric material 13, as
illustrated in FIG. 6. FIG. 6 illustrates the conductive material of the bottom electrode 10
configured as a layer, along with a patterned phase change material element 8A and a

30  patterned mask material 16A. As described in detail below, after forming the conductive
material of the top electrode 12 as a layer, the bottom electrode 10 and the top
electrode 12 may be etched in situ by conventional photolithography techniques to form

the memory cells 4. While the majority of the drawings herein illustrate forming the



as a layer or other three-dinensional configuration over the dielectric
material 13, as illustrated in FIG 6. FIG 6 illustrates the conductive
mat eri al wb 20tv2basst om el ectrode 10 configured as a | ayect/msk@agsast h a
patterned phase change material el ement 8A and a patterned nmask nmateri al
16A. As described in detail below, after form ng the conductive material of
the top el ectrode 12 as a layer, the bottomelectrode 10 and the top

el ectrode 12 gadubeveahabied of the Bottdmidlectods/ F¥si aqiad inphodieleta agttanny3,
techniques to formthe nenory cells 4. Wile the majority of the dr awi ngs

her ei n i | | ust pddidorpbembedimenid aissaniemiplatedshasein e copdygiye putarishisdpaedesde 10

as a plug in dielectric material 13, additional enbodi nents are

cont enpl at ed erein the conductive material is forned as a layer. To form
t he menory devi ce o ddrnFthEmeinory bevighasfFIGhanbephmt elidngt nftemay8 hayber med
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However, other deposition t novvn Inthe art e used. The
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ran. A mask terial 16 ma a ove e chan terial 8.

The mask mat g&’?%ﬂlq‘fé kpgyn thﬁa’éH%s'é’:'ﬁo%S J %p&g%@sq gerfﬁ"[‘tg’f‘?lga %Yn}EFVﬁﬁy be
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i ncluding, but not limted to, anorphous carbon or transparent carbon, or

silicon oxi dePhaspehange materalf i@rfa%p%trﬁmg@ dangg m@m#&y\ ﬁﬁl\ﬁeplarahﬁf({fht of
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about 5 nmt such as e pat erne change
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circul ar, rectan&ula ellllgltlc The trenches 18 may be
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using a singl @mﬁ%&r@n&ﬁrﬂ&ﬁl drisRlcBn @m@ €%he ?é{féhleﬁ%h@é BhfRiMerd @A’Tﬁe%khave a
material 16 and then the phase change material 8. Dependi ng on

mat eri al s uselrightioé fremstbontallenm &t abpt bﬁﬁﬂnmdpm@@%ﬁhmgm@dﬂmf f®may be

etched using a%ogl{ ¥ nm to about 50 nm, such as about 25 nm. The patterned phase change material

20  8A may have any geometrical cross-sectional shape, such as circular, rectangular, or
elliptical, for example. The trenches 18 may be formed by etching the mask material 16
and the phase change material 8 using a single etch or multiple etches, such as by etching
the mask material 16 and then the phase change material 8. Depending on the materials
used, the mask material 16 and the phase change material 8 may be etched using a dry

25  etch process, a wet etch process, or combinations thereof. The etching of the mask
material 16 and the phase change material 8 may be conducted using conventional etch
chemistries, which are not described in detail herein. The etch chemistry may be selected
by a person of ordinary skill in the art based on the materials used. By way of
non-limiting example, the mask material 16 and the phase change material 8 may be

30  etched by reactive-ion etching or plasma etching. The etchant may be any one of CF,,
CHF3, CHyF;, CyFg, CCly, Cly, or C4Fs. In one embodiment the etchant is CF,.

The patterned mask material 16A may be selectively removed or trimmed, as

llustrated in FIG. 9. The vertical thickness and lateral width of the trimmed mask



etch process, a wet etch process, or conbinations thereof. The etching of
the mask material 16 and the phase change material 8 nmay be conducted using
convent i omal20mieweshem stries, which are not described iPoTdst@vlos41ez ei n.
The etch chem stry nay be sel ected by8a person of ordinary skill in the art
based on the materials used. By way of non-limting exanple, the mask
material 16 and the phase change nmaterial 8 may be etched by reactive-ion
etching or plasRBaEteBhigbe EagceatslRm to B YrddRus cleRe & Width. THEJidiEid2F2,
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exposed surfaces of the laterally constricted phase change
change material 8B may have a decreased width compared to a second end 21 of the

laterally constricted phase change material 8B.

20 The trimmed mask material 16B may be removed using a conventional etchant,
which may be selected based on the material used. An insulating material 20 may be
formed conformally over exposed surfaces of the laterally constricted phase change
material 8B, the dielectric material 13, and the bottom electrode 10, as shown in FIG. 11.
The insulating material 20 may be any material known in the art to have dielectric

25  properties and to be capable of being deposited conformally. The insulating material 20
may be deposited by any known deposition technique, such as atomic layer deposition
(“ALD”), which may be used for conformal deposition. The insulating material 20 may
be, for example, an ALD oxide, an ALD nitride, or silicon oxynitride. Horizontal portions
of the insulating material 20, such as those disposed on an upper surface of the bottom

30  electrode 10 and on an upper surface of the laterally constricted phase change material 8B,
may be removed, as shown in FIG. 12. These horizontal portions may be removed by
conventional techniques, which are not described in detail herein. Removing these

horizontal portions of the insulating material 20 may expose an upper surface of the



material 8B, the dielectric material 13, and the bottom el ectrode 10, as
shown in FIG 11. The insulating material 20 may be any material known in
the art twohawe2eiesl ectric properties and to be capabl erafi/usesmgsdeposi t ed
conformally. The insulating material 20 nmay be deposited by any known
deposition technique, such as atomc |ayer deposition ("ALD'), which may be
used for conformal deposition. The insulating material 20 may be, for
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20  cells. The spaces 30 may be filled with the fill phase change material 24 by a
conventional technique. Portions of the fill phase change material 24 overlying the
insulating material 20 and the laterally constricted phase change material 8B may be
removed by conventional techniques, such as by chemical mechanical planarization
(“CMP”), to expose the fill phase change material 24 and the insulating material 20.

25  Since the spaces 30 have sloping sidewalls, the fill phase change material 24 formed in the
spaces 30 also has sloping sidewalls and the laterally constricted portion 14.

The top electrode 12 may then be formed overlying the exposed surfaces of the
insulating material 20, the laterally constricted phase change material 8B, and the fill
phase change material 24, as shown in FIG. 14. The top electrode 12 may be formed from

30  one of the conductive materials previously described for use as the bottom electrode 10.
The top electrode 12 and underlying portions of the insulating material 20 may be etched
by conventional photolithography techniques to expose portions of the dielectric

material 13, forming the memory cells 4 shown in FIG. 1. By way of non-limiting



conventional technique. Portions of the fill phase change material 24
overlying the insulating material 20 and the laterally constricted phase
change mawvennal028Bsmay be renmoved by conventional technipquasomowshisas by

chem cal nechanical planarization ("QUWP"), to expose the fill phase change
material 24 and the insulating material 20. Since the spaces 30 have
sloping sidewalls, the fill phase change material 24 forned in the spaces

30 al so has skepiplg apheevelst mathd beshbdhemal by agdies biérabe@pRRiird@214ad The
top el ectrode 12 may then be formed overlyi nlg t he exposed surfaces of the
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portions 14 correspon progr amabl e vo of the menory cells 4.
The | at er | ycamststediphbedhpigeseatetivd 8Geandalieefill phas8 Bhangy ntagerial 24 sdvapeverthdt 1 s

a reverse imge of the_shape of. the fill phase chan material 24. Sipce
the |ateral | yPRFREEReSOf 8@%%@@6&%%&*&&5@?%&dl%@cgﬁ&’ewenth nm%wag@gle

change mat er i fliudds ParK4RNGhERGYIRRES SSHARSH@f opposing orientations, the
bit-to-bit distance d between thé progranmabl e vol unmes 2 of adjacent nenory
cells 4 is maxi m z&dforfcthé oremorhdevieero o Fide 2, the niisk ofatgrials] 6,2he pHase change
material 16, }ngt%rigl%%l% b%rtltgrrr]lge?ectrode 10, and the dielectric material 13 may be formed as
20  shownin FIG. 7. These materials may be formed as previously described in regard to
FIG. 7. The mask material 16 and the phase change material § may be patterned, as
shown in FIG. 15. Patterning of the mask material 16 and the phase change material 8
may be conducted as previously described in regard to FIG. 8, except that a portion of the
phase change material 8C remains over a top surface of the bottom electrode 10 and the
25  dielectric material 13 in addition to the patterned phase change material 8A. As such, the
bottom electrode 10 and the dielectric material 13 are not exposed. The partial removal of
the phase change material 8§ may be accomplished by conventional etching techniques,
which are not described in detail herein. Patterning of the mask material 16 and phase
change material 8 produces openings 28, which are defined by a bottom surface of the
30  phase change material 8C and substantially vertical sidewalls of the patterned phase
change material 8A. The patterned mask material 16A may be trimmed, as shown in
FIG. 16. Trimming of the mask material 16 may be accomplished as previously described

in regard to FIG. 9. The trimmed mask material 16B may be used as an etch mask to



material 8, the bottomelectrode 10, and the dielectric material 13 may be
formed as shown in FIG 7. These materials nmay be forned as previously
descri bedwonoreegared to FIG 7. The mask nmaterial 16 andrchaspiasssishange
material 8 may be patterned, as showniin FIG 15. Patterning of the nmask
material 16 and the phase change material 8 nmay be conducted as previously
described in regard to FIG 8, except that a portion of the phase change
mat eri al 8C r giigt 1c@1\r>eétc1aﬂfegﬂ tt&uéd gieee BHankd Bakeihl DA RbRERINLAsErall) and the
dielectric material 13 in addition to the patterned phase change materi al
8A. As such, edstristsdibascethargerrawerial §Bawhichiserrependscie Pheseghangeinzterid ar e not
exposed. The
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of the horiz On%gels A ?rrl;{yl boencsonglict aes plrgvslgllls?};[ cliesgibed in regard to FIG. 13. Another phase

20  change material 32 may be formed over the exposed surfaces of the laterally constricted

phase change material 8B, the insulating material 20, and the fill phase change
material 24, as shown in FIG. 21. The another phase change material 32 may be one of
the materials previously described and may be the same or different than the phase change
material 8 or fill phase change material 24. The another phase change material 32 may
25  form a substantially planar layer over the laterally constricted phase change material 8B,
the insulating material 20, and the fill phase change material 24.
The top electrode 12 may then be formed overlying the another phase change
material 32. The top electrode 12 may be formed as previously described in regard to
FIG. 14. As shown in FIG. 2, the top electrode 12 and underlying portions of the
30  insulating material 20, the another phase change material 32, and the phase change
material 8C may be etched by conventional techniques to expose portions of the dielectric
material 13 and form the memory cells 4. The adjacent memory cells 4 may be separated

by an air gap 26. Alternatively, the air gap 26 may be filled with an insulative material



material 20 may be conducted as previously described in regard to FIG 12.
The spaces 3 1 may be filled with the fill phase change naterial 24, as
shown i n WoGoRAM22d4651 | i ng t he spaces 31lmay be conducted asTprseawosEBY
described in regard to FIG 13. Another phase change material 32 may be
formed over the exposed surfaces of the laterally constricted phase change
material 8B, the insulating material 20, and the fill phase change materi al
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8B and the fifht pRRRSRafIANAGiAMBLE] 1R ImAR nhEMR] 86 WRNIOBle!sBbnd pRYBHaSdploaRe "
shapes of opposing orientations, the bit-to-bit distance d between ’I[) he
pr ogr ammabl e Matiliredgo pattem dhjtmtemtandtoroslsctioded ), 42 imssifratn aisecodd embodiment,
a first photomask process is utilized to pattern at least a portion of the phase change
20  material 8 and the mask material 16 while the second photomask process is utilized to
pattern the bottom and top electrodes 10, 12 in situ. Since fabrication of a conventional
memory device (in which the programmable volumes of adjacent memory cells are on the
same vertical plane as one another) also utilizes two photomask processes, one photomask
process to pattern the bottom electrode and the other photomask process to pattern the
25  memory cell and the top electrode, fabrication of the memory devices 6, 6' may be
accomplished without utilizing additional process acts.
To form the memory device 6" of FIG. 3, plugs of the bottom electrode 10 may be
formed in the dielectric material 13 as previously described in regard to FIG. 7.
Additional dielectric material 34 may then be formed over the dielectric material 13 and
30  the bottom electrode 10, and alternating wide apertures 36 and partially constricted wide
apertures 38 formed therein, as shown in FIG. 22. The wide apertures 36 and partially

constricted wide apertures 38 may be formed over the bottom electrode 10. The wide

apertures 36 and partially constricted wide apertures 38 may be formed using conventional



The nenory devices 6, 6' of FIGs. 1 and 2 may be fabricated using two
phot omask processes. In one enbodinent, a first photomask process is
utilized wo 2paizesss t he phase change material 8 and t hepomals2emssisal 16
whil e the second photonmask process ist3utilized to pattern the bottom and
top electrodes 10, 12 in situ. In a second enbodinent, a first photomask
process is utilized to pattern at |east a portion of the phase change

mat erial 8 anghdthifh Tedhaigued follbwalby & dbhQciseeend BYYQRakN-RERGRSS 1S
utilized to pglEter n@ﬁégybottodr% and top %I e%:yﬁ%%d%g 10, 22 a|9n situ. Since
fabrication ofxamploavessk (myighowmaybedised ©epréduse fie wide epestupescigraadmatype

vol unmes of adj acent ry.cells.are.on the s vertical | ane as _one
hnother) Cal oot s TRl if i B0 oR ol ErRd T ol aRtmB IO BrdBe e o
pattern the baibtsaﬁe@dmideﬁ&aom tha ®afiall@ Eordiitt gl apsrae&Sss. Mhepalthern t he
menory cell and the top el ectrode, fabrication of the nenory devices 6, 6

may be acconpibepdiglnpensaistedivide pperivgesaddit theavaresh poiatmgy he substargallydhen t he
menory devi ce_§g". of OS ci: Y f ormed
in the diel ec?a%eca%%{@%%&tggwgg 9 ?%1\1}%%%65 Ib% g'gg]gﬂl%e%&?ﬁ%re;e{%gpg’ %SFI G 7.
Addi tional di pdréici of the Amk®@w hpdrtudeb 40ayayt eewidbgedfto forada veed] shélf42ivalles ividth

material 13 and the bottom el ectrode 10, and alternating w de apertures 36
and parti al | yolcobritom Rarden of the ligreating nago s apsrareRst mavteaam substaaisdlin i n

FIG 22. The Mﬁa‘?ﬁc@@%}lghﬁ%kiﬁggﬁggtd?gﬁdpgﬁ%'% %9%%51%81?42‘%2 g?&ﬁ&éﬂkges 38

may be formed over the botto The w de apertur 36 an
parti al | yl(conkterallytoedstuictde parpien tl 4 teethe P8rtiaby chystrictadrmeide apdrtuges 38.
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portion of the narrow apertures 40 may be subsequently w dened to formthe

partial |y conghatolghegiaphydechaispes. ubhesvigth of BHer aipdrtionef themarparapedires/40 may
constricted w rture .at .thei.r_w.d el bstantially
The sare o 1HE B BEIr et Dreaifu s ot 888 36 B L SRR
exanpl e, & t ogpepick B8 reectivety. MBd fody tRPRide Wp&surd 3 ayEhe Widthé fAdedtiiOndrmm a
| ateral shelf 42 while a width of _a bottom portion of the alternatin

nar row aper t uFRSEULES 4REipybevarienedy b be aiRrnaingaawrPeEe AmpY be w&&enﬁ%gy the

w de apertur eﬁaﬁ&&(ﬂ?ﬁsh&%&ﬁ}h@ke SO ?q%?tufEQMO lﬁ{a.?éﬁieqlgt fv?ﬁl'b% WighRla lAllﬁérnaggely,

constricted porti e partially constricte e apertures
Al ternati vel ythose maask dpedtres o i) anvayt todewadehetl mayrtediled witra awifhpdr t ur es
40 0 Lhe di el oLl ol TRhSH) AneiRnSY Pt A% AhEeLLR LGN 1) SLERL T 0des 10
20  subjected to an anisotropic etch while those narrow apertures 40 that are not to be widened
are protected by the mask or sacrificial material. The mask or sacrificial material may
subsequently be removed by conventional techniques. To form the partially constricted
wide apertures 38, a top portion of the alternating narrow apertures 40 may be widened to
form the lateral shelf 42 while a width of a bottom portion of the alternating narrow
25  apertures 40 may remain substantially unaffected while masking the wide apertures 38.
The lateral shelf 42 may provide the laterally constricted portion 14 to the partially
constricted wide apertures 38. The phase change material 8 may be deposited in the wide
apertures 36 and the partially constricted wide apertures 38, as shown in FIG. 23. The
phase change material 8 may be one of the materials previously described and may be
30  deposited in the wide apertures 36 and the partially constricted wide apertures 38 by

conventional techniques. Portions of the phase change material 8 overlying the dielectric

material 13 may be removed, such as by CMP.



phot ol i t hography techniques. The width of all or a portion of the narrow
apertures 40 may then be increased, producing the w de apertures 36 and the
parti al | ywoanswmemsed w de apertures 38, respectively. PaTfuseomibasn de
apertures 36, the width of alternating narrow apertures 40 may be w dened.
The al ternating narrow apertures 40 may be w dened by maski ng (not shown)
those narrow apertures 40 that are not to be wi dened. Alternatively, those

narrow apertures 4Rt AainAkRe 3Rt 4endid8oe dpSRed s hhy IHRH b¥idhed as
sacrificial material (not shown). The narrow apertures 40 that are to be

w dened may t $hemvnide Fiubjde dibe dvidoapentueesidd onaydysiferneadatyendhi pbasetsbangenar r ow
apertures 40 that. e not,.tp be w dened . are. protect.ed t he mask or
Shorif1cral rGrral v Bup oo SRR R RhfioR TR R S 4 YRR s iR 46 be
renmoved by comveBé fmell ov@ehnpHaseshandOmbRFA 8 Rexipattcilablally 68M3gididdct ed wi de
apertures 38, a top portion of the alternating narrow apertures 40 may be

wi dened t & f opertiethid.| Breowide apirbirgs Handpiarew 2pgituest omay dbo irmedby smaving of

the alternati . ri.ur ._TRY i . i . 3 d
uni 16 mmski nghEHa oy PSS HhtleE bl e AERL P MR LAR Yt AL RS,
| ateral | y congiofang trgl bp Gririe@dvdrdhé dicleb@icpadténialll B yndpiase chanpe thawiridel and
apertures 38. The phase change material 8 may be depgsited n the w de
apertures 36 BHHORS theaddionphdieleside pratcriabprg o vap & fogpdhe wisle apertwetth i n
FIG 23. The phass i al: 53*:5 ' i ously
descri bed and may l())e %g%ﬁﬁ%eﬁ%ﬁ%g W %ﬁ%?tngﬁrgivrag%ﬁgﬁﬁidtﬁgﬁohg?ﬁgal ly
constri cti®d wiildkesl wilethe anetherdhatechangeeateiiaddl asshowniimbiés 3. Adetahothsr phfase he
phase change terial . verlying the dielectric teri.al 13 may, b
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formed over the phase change material 8 having the laterally cConstricted
portion 14 t hevesthe phhase changeenaienial Gvand laer angthst phrse pleapgp matesinhBianshasehet e
phase change gaterial | acking the l.a |y constricted portion 14. The
wi de apertur efsg)ar%iheatﬁaeﬁeﬁtg?%vk\llzagsesﬁf“@?é%%g%agﬁay be fornmed by renoving a
portion ofs t he phaseskvangeFIors,ehhsd ch&age%it@xﬁdl@tdnﬁ@ie)/anoﬁﬂﬂ{aﬁds@ﬁl@inge

dielectric material (not shown) maX be formed over the dielectric naterial
13 and phase BAEHYS 2 thememony eyt gbihe msmrory feviprd Zuel Irkydep gt epgionABc

material are a{rﬁl@s\é@(%)ftﬁ?)ré 4 Wﬂ@re%@%icﬁ‘l%fﬁlg%&%nyﬁ?xﬁigﬁ 5gg{a§r?)}é’lgge%%vrm&t es 46.

The w de apertures and narrow apertures ma t he
anot her phasethehanigefinvapetiornd8, 3@ miaga stroalledi Y’ Bhape. djathrt memodyeellphmsye
h Cal . . .
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20  may produce the laterally constricted portion 14 of the phase change material 8. The first

portion 48 and the second portion 50 correspond to phase change material element 8B.
The laterally constricted portions 14 correspond to the programmable volumes 2 of the
memory cells 4. The first portions 48 of adjacent memory cells 4 may be vertically
staggered or offset in an alternating manner relative to one another and may, respectively,
25  be in direct contact with one of the bottom electrode 10 and the top electrode 12. Since
adjacent memory cells 4 have alternating, inverted Y shapes, the bit-to-bit distance d
between the programmable volumes 2 of adjacent memory cells 4 is maximized.
The laterally constricted portions 14 in memory device 6 ensure that the
cross-sectional contact area of the laterally constricted phase change material 8B or fill
30  phase change material 24 in contact with the bottom electrode 10 or top electrode 12 is
minimized, which reduces the amount of current utilized to electrically switch the
programmable volume 2 between the amorphous and crystalline states. In memory

device 6", the decreased width of the first portion 48 of the phase change material 8



or different than the phase change material 8. The conductive material may
be formed over the phase change material 8 and the anot her phase change

mat eri al 80 2arwd2edsshed to formthe top el ectrode 12, aspshmaspoionsABL 3. As
shown in FIG 3, phase change materi als 8 and the anot her phase change
material 32 of the nmenory cells 4 of the menory device 6" may include a
first portion 48 and a second portion 50, where the wdth of the second

portion 50 rr%élalaee & Bat&Rbnd Parfioh BahIsO brdvitRs hide&tase®ElobPibchhal E&HtAb Bfda For
so-called "Y" shape. Adjacent nenory cells 4 nmay have alternating Y shapes.
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constricted phase c n e material 8B or phase change material 24 in
contact w0 h ctdmentmﬁlizednoedlmmucradiyl ewiltéh the pt(ognamllnebite voliee 2 The aitﬁmaﬂmg ed,
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20 electrode 58. The bottom and top electrodes of an adjacent memory cell 4 may be
vertically staggered or offset in an alternating manner, such that each memory cell 4 has a
narrow bottom electrode 52 and a wide top electrode 60 while a laterally adjacent memory
cell has a wide bottom electrode 54 and a narrow top electrode 58, and vice versa.

To form the memory device 6", the dielectric material 13 may be patterned to

25  form alternating, laterally adjacent narrow apertures (not shown) and wide apertures (not
shown) therein. The dielectric material 13 may be one of the materials previously
described. The narrow apertures and wide apertures may be filled with the conductive
material to form narrow bottom electrodes 52 and wide bottom electrodes 54, as shown in
FIG. 25. The conductive material may be one of the materials previously described.

30  Portions of the conductive material overlying top surfaces of the dielectric material 13 and
the bottom electrodes 52, 54 may be removed, such as by CMP.

An additional dielectric material 34 may be applied over the bottom electrodes 52,

54 and the dielectric material 13. The additional dielectric material 34 may be the same as



current utilized to electrically switch the programmabl e volume 2. The
alternating, tapered shapes (in nenory devices 6, 6') or alternating, Y
shapes (iworrermmnyosdevi ce 6") serve to maxim ze the bit - troThistoodiosii1ance d
bet ween adj acent nenory cells 4 during use and operation of the nmenory
devices 6, 6', 6", reducing heat transfer between adjacent nenory cells 4
and consequential, unwanted phase changes. To naximze the bit-to-bit

di stance d befMaABr-ACHRA AR diBARE YrafeBial 5. 4TIRMAIMLRA A& 18aeAA3AGhay L
bet ween the progranmabl e volune 2 of the phase change material 8 and its
associ at ed onpatsfnedhas knownamtherad, todprme b pbiralyl eSapetthiess frarshgvmed equal gidth
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deposited as a | ayer (not sh over th . . .
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20 narrow top electrodes 58 and wide top electrodes 60, as shown in FIG. 4. The conductive
material may be one of the materials previously described and may be the same or
different than the conductive material used for the bottom electrodes 52, 54. Portions of
the conductive material overlying top surfaces of the another dielectric material 56, the
narrow top electrodes 58, and the wide top electrodes 60 may be removed, such as by

25 CMP.

Since the phase change material element 8B and the narrow electrodes (narrow top
electrodes 58 or narrow bottom electrodes 52) have different widths, the surface area of
the phase change material element 8B in contact with the narrow electrodes 52, 58 is
minimized. As such, the amount of current utilized to electrically switch the

30  programmable volume 2 between the amorphous and crystalline states is reduced. In
addition, by alternating the locations of the narrow electrodes (narrow top electrode 58 or
narrow bottom electrode 52), the bit-to-bit distance d between the programmable

volumes 2 of adjacent memory cells 4 is maximized.



bottom el ectrodes 52, 54 and the dielectric material 13, and patterned to
form phase change material elenment 8B. The additional dielectric naterial
34 may t hwo 2om/@ppki ed and subjected to CVP, produci ng Poe/usteos4se shown
in FIG 26. Another dielectric materi‘@l 56 may be forned over the
dielectric material 13 and the additional dielectric material 34. The
another dielectric material 56 nay be the sane as or different fromthe
diel ectric materi alygiiddhe iBdentibi®s ﬁ@&bﬁ&% 1618l RE hodFicidRlaha klt@RatiR Yo,
patterned, as known in the art, to forma plurality of alternatin

| ateral | y adj sneeific en@pdmwntsﬁ@m h¢ee1§h9wnby mwﬁ;xamrdle wtb@d@p@?&smﬂ@ ga\(erh@@n
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whil e the w déisapral Rager, ithe 1hb@1t1@ﬂ@ﬁcﬁﬁ[pa§@e§hl&iﬁioﬁiﬂbatffﬁisefdlﬁho&&nﬁﬁkeﬂﬁ@twes
fornmed over the nenory cel | locations having narrow bottom el ectrodes 52.

The narrow ap@ilingrathinfe seprsef disdnyention andgfined by ihe felowingrppended glamiandy e
material to f el ectrodes 58 and wi de top el ectrodes 60, as
shown in FH(iﬁ%ﬁﬁﬁgyéi@%a u%flve material nmay be one of the materials

previ ously described and may be the sane or different than the conductive
material used for the bottom el ectrodes 52, 54. Portions of the conductive
material overlying top surfaces of the another dielectric material 56, the
narrow top el ectrodes 58, and the wi de top el ectrodes 60 nay be renoved,
such as by CWP. Since the phase change material elenent 8B and the narrow
el ectrodes (narrow top el ectrodes 58 or narrow bottom el ectrodes 52) have
different widths, the surface area of the phase change material el enent 8B
in contact with the narrow el ectrodes 52, 58 is mnimzed. As such, the
amount of current utilized to electrically switch the progranmabl e vol une 2
bet ween the anorphous and crystalline states is reduced. In addition, by
alternating the | ocations of the narrow el ectrodes (narrow top el ectrode 58
or narrow bottom el ectrode 52), the bit-to-bit distance d between the
programmuabl e vol unes 2 of adjacent nmenory cells 4 is maxim zed. Wi le the
invention is susceptible to various nodifications and alternative forns,
speci fic enbodi mrents have been shown by way of exanple in the draw ngs and
have been described in detail herein. However, the invention is not limted
to the particular fornms disclosed. Rather, the invention enconpasses al
nodi fi cations, variations and alternatives falling within the scope of the
invention as defined by the foll ow ng appended cl ai ns and



their | egal equivalents. CLAIMS What is clained is: 1. A nenory device,
conprising: a plurality of nenory cells, each nenory cell conprising a
phase chawmgeorabkesssal el enent di sposed between a bott ompelramstocodssiand a top
el ectrode, wherein the phase change nsterial el enment of each nenory cel
conprises a laterally constricted portion thereof and wherein the laterally
constricted portions of the phase change material el enent of adjacent
menory cells are positioned on opposingcgigeg of a nenory device. 2. The
menory device of claim1, wherein the laterally constricted portions of the
phase change material elenents of adjacent nenory cells are in alternating
contact with e bo&%g el ectrode or the top electrode. 3. The nenory

devi ce of clai aTFC %%Fh the laterally constricted portions of the phase
change material elenents of adjacent nenory cells are in alternating
contact with another phase change material. 4. The nenory device of claim
1, wherei® the | atéral | § eIpey dEWEREOPOHEINSN of one nenory cell is in
contact with the b ] I > ' ' of
an adj acent nennrygé%? 1|éﬁﬁ%ﬁ§ E?@%gw%pﬁﬁhgﬁgkﬁgg%gﬁgggég%%Egggggﬁgﬁﬁgknry
devi ce- of cl a¢lemdnt didpesedi tetvesthabenbmrelratye agl d op aleetradepahatmdhdyhaaa air
gap. 6. The nenory device of claim1l, wherein the phase change terial

el enent of ea‘é,l}ﬁm&%%‘ie?alc“i?me”é hich suanogy selbearprrat a&fﬁm@pﬁ%‘i@g@aﬁwghape
or a substant jigld¥an wRAHR« eﬁateﬁhg BEARGY] SEUbESof e r@aeé Rahge PHRRSI dlerfent

wi dth of a portion of the phase change material element of each nenory cel

i s great el t heffadgacentdbdmarf celisaré postionetl e bppabegmides bfa sevonddetiect r ode. 8.
The nenory device of claim7, wherein the laterally constricted portion of
t he phase change material elenent of a menory cell is in direct contact
with the bottom el gctr ogge REmbREINVRR ofLiafh N OfRereifl thdlattRIR cYnHBMbE Bortions
conprising: a plurality of nmenory cells each having a top el ectrode, a

bot t om el ect reldbe pkasel ckangh materiehelergentsraf ashgcgnt ra¢raer eellers poaltegnating contact

t her ebet ween, WY‘H;' ‘tahreei)ioﬁor\flvi eﬁjetcpr%deo gr thg %pte?é%trode.

15
3. The memory device of claim 1, wherein the laterally constricted portions
of the phase change material elements of adjacent memory cells are in alternating contact
with another phase change material.
20 4. The memory device of claim 1, wherein the laterally constricted portion of

one memory cell is in contact with the bottom electrode and the laterally constricted

portion of an adjacent memory cell is in contact with the top electrode.

5. The memory device of claim 1, wherein adjacent memory cells are

25  separated by an air gap.

6. The memory device of claim 1, wherein the phase change material element
of each memory cell comprises a substantially frustoconical shape or a substantially
Y-shape.

30

7. The memory device of claim 1, wherein a width of a portion of the phase

change material element of each memory cell is greater than a width of the first electrode

or the second electrode.



el ectrodes of adjacent nenory cells are different fromone another and

w dt hs of the bottom el ectrodes of adjacent nenory cells are different from
one anot hwo.20220ke menory device of claim9, wherein acmusténoos4i8he phase
change material elenent of each nenory cell is approxinmately equal to the
wi dth of one of the top electrode and the bottom el ectrode. 11. A nethod of
formng a nenory device, the nethod conprising: formng a phase change
material over a first electrode; renoving a portion of the a phase change
material to forma plurality of first laterally constricted phase change

mat eri al el enents &onpr Tkt mgmaryfdevise oé pldinadawhereiadlasdteeatly condiaeted pordompit h

i ' . i.dt h_of . d . '
ol urality o SEDuE PRIy HEReft aleblenatk IS AR AEREMLRE bR o

conpri sing a {ledtade entheadpgklectmgeond end, wherein a width of the first end
is narrower than a width of the second end, wherein at |east sone second
| ateral ly Xonstricted phase change nmaterial elenents are positioned between

first laterally cogstri -naterial elenments and wherein the
Il ket

first ends of the alTy constricted phase change
mat eri al el ement s aplarghosofirmaneas celts ephhsavihga siptdstrotie, a hoeomrejecttodd, asd a and

formng a secqnd el ectrode over the first and second | aterally constricted
phase change ;ﬁ:@ﬁeeﬁ]agge %‘P@H%lréf%r?erlig§3pqsr?€ ﬂf?_é‘?h‘?&’ﬂee&}f WE?rﬁlinﬁ‘(l ths Of%‘Flt‘Hbr_
conpri sing confaiaad Aﬂadjaesrmnsw?cﬁg cAISH @Rt ng%ﬁfnb FhoBShd Wi SLORL N

sidewal I s of the first vertica constricted ase change materi a

el ement s ldnd bastopvélegrodes éfadiacenit npondry oelks and different fismloat iangtherat eri al t of orm
a plurality of spaces having a reverse inmage of the plurality of first
| aterally constricted phase change nmaterial elenents. 13. The nethod of

claim 11, wherein ferm g BedbMRVick ¥f hink b/ WherbiataSviadhl of tieqiheld deh@d phase
change material el enments and second |aterally constricted phase change

materi al el eneffegalelamant ekeach giemongealhie approxsimagaiviequat torthe width of oreanfdheanl | y
constricted ptﬁ?%f%c &}%%ﬁmo?%}naélec@oggents and the first ends of the second
ed p

| aterally constric ase changé naterial elements to be in direct
contact visth the first electrode or the second el ectrode. 14. The net hod of

claim11l, wherein formng a plurality of secqond laterally constricted phase
change material el éhentd Nehshof fevgningp meripry Aeviss, thednsthed eommssingid

forming a phase change material over a first electrode;
removing a portion of the a phase change material to form a plurality of first
laterally constricted phase change material elements comprising a first end and a second
20  end, wherein a width of the first end is narrower than a width of the second end;
forming a plurality of second laterally constricted phase change material elements
comprising a first end and a second end, wherein a width of the first end is narrower than a
width of the second end, wherein at least some second laterally constricted phase change
material elements are positioned between first laterally constricted phase change material
25  elements and wherein the first ends of the first and second laterally constricted phase
change material elements are positioned on opposite sides of a memory device; and
forming a second electrode over the first and second laterally constricted phase

change material elements.

30 12. The method of claim 11, further comprising conformally forming an
insulating material over the sloping sidewalls of the first vertically constricted phase

change material elements and removing horizontal portions of the insulating material to



| aterally constricted phase change material elenents to have a reverse
image of the plurality of first laterally constricted phase change nateri al
el ement s.w02010fireosset hod of claim 11, further conprisingcirarsmmgsan2 ai r gap
bet ween adj acent first and second lat®rally constricted phase change
material elenments. 16. The nethod of claim 11, further conprising formng
addi tional portions of horizontally positioned phase change material in
contact w th i@ fpiuaBdyidf¥pRbs hdviisd a fe@ér8é Rhdgk of BRIEIEY @€ ik RsRalGhange
material elenments and the plurality of second laterally constricted phase
change nat eri enseictedwhass. chare muerighslomsatsof cl ai m 11, wherein formng a
plurality of first laterally constricted phase change material el enents
conprises: formng a plurality of alternating, apertures and constricted
apertures in a di el&ctrThe nathed batlaip0$1, WHeras @iy aplidatitofdiraditeaie;
filling the plurality of apertures and constricted apertures with a first
phase change fRisticiediphaseshangegnaiprial glementsead seroad kégraliyccomsitisted phasg\ehangene
first phase c i al. ! I f- al WaTo R
apertures and&%%g%loer\}%%%ér <%’%Jtﬂrrlperiss 9% %hpﬁlgq}é%%#{ ‘?Ho'ﬁgflthgiﬁé é%‘t%?%&rrrfé%g}e:@ﬁ ggfeo
expose the ficmhgpihatesalcthangss amitthe hist endaodthelsbeongd latbrallptensaiciddyphase W de
apertures and narrow apertures wth a second e.change material to form
a plurality offangtBrisTRhelereLs o;beriR dirgh gamadt wgfﬂgﬁe fit epetiede oF Bsriosd 18,
The met hod of gigdi@igm 17, wherein filling the plurality of apertures and
constricted apertures with a first phase change material and filling the
pluralityl®f w de apertures and narrow apertures with a second phase change

mat erial conprises fillli t he .apertures, constricted apertures, . wd
per tures. and narFow abirpered Shitet | FametE M TR G e e o
The met hod of conk@icid bhase WA ratéridl kief@nisRemplisis@bintidg Be phRElty BF Soadd
constricted apertures with a first phase change materital and filling the

plurality of lcmrdlyspesiriciedshaseghange msigriapdementet have B revesssdonge phthse change
materi al comPehiaf Jf‘dr&t'lélgrtagy @o&%«#%&igﬁgﬁ ?h%%?éz%l%fe%%leegen?&ﬁs{t ures, w de

apertures, arrow aper es W ase change material. 20.
A nethod iIof formng a nenory device, the nethod conprising: formng a
lurality of alterpating, narrowfirst electrodes an i de first el ectrodes
P y 15. %he methog of claim 11, further compr?smg gn\%ng an air gap between

adjacent first and second laterally constricted phase change material elements.

16.  The method of claim 11, further comprising forming additional portions of
20  horizontally positioned phase change material in contact with the plurality of first laterally
constricted phase change material elements and the plurality of second laterally

constricted phase change material elements.

17. The method of claim 11, wherein forming a plurality of first laterally
25  constricted phase change material elements comprises:
forming a plurality of alternating, apertures and constricted apertures in a dielectric
material positioned over a first electrode;
filling the plurality of apertures and constricted apertures with a first phase change
material;
30 forming an additional dielectric material over the first phase change material,
forming a plurality of alternating, wide apertures and narrow apertures in the

additional dielectric material to expose the first phase change material; and



in a dielectric material; formng an additional dielectric material over
the narrow first electrodes, the wide first electrodes, and the dielectric
mat eri al ;wbantoimegosa plurality of apertures in the additipomals2eivpsasiric
material; filling the plurality of apartures with a phase change materi al ;
form ng another dielectric material over the phase change material; formng
a plurality of alternating, w de apertures and narrow apertures in the

anot her diel ectric HRP&HERIuAE efhvydeaperpes a9H a0V rsHes itk &pdcand phikser ei n

the wide apert upfge RbRrif@Siokh QPRELIBYEard I8, RASHAW fHabeharfk Gtcriad8smARd t he
narrow apertures are positioned over the wde first electrodes; and filling
the plurality of wide apertures and narrow apertures with a conductive

material to forma purapctcaRf bRl MRLh&En A URPISAGP BEhpelnGed fgdes and
w de second el ectrodes.
5  constricted apertures with a first phase change material and filling the plurality of wide

apertures and narrow apertures with a second phase change material comprises filling the
apertures, constricted apertures, wide apertures, and narrow apertures with the same phase

change material.

10 19.  The method of claim 17, wherein filling the plurality of apertures and
constricted apertures with a first phase change material and filling the plurality of wide
apertures and narrow apertures with a second phase change material comprises filling the
apertures, constricted apertures, wide apertures, and narrow apertures with a different
phase change material.
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20. A method of forming a memory device, the method comprising:

forming a plurality of alternating, narrow first electrodes and wide first electrodes

in a dielectric material;

forming an additional dielectric material over the narrow first electrodes, the wide
20  first electrodes, and the dielectric material;

forming a plurality of apertures in the additional dielectric material;

filling the plurality of apertures with a phase change material;

forming another dielectric material over the phase change material;

forming a plurality of alternating, wide apertures and narrow apertures in the

25  another dielectric material to expose the phase change material, wherein the wide
apertures are positioned over the narrow first electrodes and the narrow apertures are
positioned over the wide first electrodes; and

filling the plurality of wide apertures and narrow apertures with a conductive
material to form a plurality of alternating, narrow second electrodes and wide second

30  electrodes.



