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This application clainms the benefit of the filing date of United
States Patent Application Serial Nunmber 12/195,510, filed August 21,
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10TECHNI CAL FI ELD Enbodi ments of the present invention relate
to menory devices and nethods of fabricating the sanme. In particular,
the present invention relates to nenory devices having laterally
constricted phase change materials or el ggfypdes of different w dths,
wherein narrow porti Qisy L Chi
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of their abiliAMDOIEGHOTY OF FORMING TRE Dalpeen an anor phous and
crystalline state. These materials selectively exhibit nore than one
val ue of electrical resistivity. For exanple, when the phase change
mat eri al iﬁ)in a crystalline state its-#9iCs fiAFse is 1 ow, and when
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it is in an anorphous state its resistance i's . In a PCRAM
devi ce, a progr anm Bgbalimerandf ths proscat meterttion oclgth td inempiyalseicestaad gethods of

fraterial to induce .a phase change.. This progranmm ng, current generates.
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al so 15  the memory device and to the fabrication of such memory devices.

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. In a
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 2 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



decreases. Furthernore, as the programrng current is reduced the
anount of heat generated al so decreases. Si nce each nmenory cell
utilizes a programmng current, and there are mllions of nenory
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The phase change materials in the phase c ngie rrermrx’-ﬂ(]:el | s have an
hour gl ass or t m%b%;&@l@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 haye 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
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BRI EF DESCRI PTI ON OF DRAW NGS 25FI Gs. 1-5 are cross-sectional views
of menory devices in accordance wi th enbodi nents of the invention;

FIGs. 6-14 are cross-sectional views illustrating the fabrication of
the nmenor wydewiomeef FI G 1 FI Gs. 15-21 arepcr/us2009/054182
cross-sectional views illustrating the fabrication of the nenory
30device of FIG 2; FI Gs. 22-24 are cross-sectional views

illustrating the fabri cation of the nenory device of FIG 3; and WO
2010/ 022065PCT/ US2GR8( 039k84e Goss-sectionkl \gxsws 1%55‘11%@11@&1@ fArieanoE fHe' If?é?ﬁ’éry
views illustrating the fabrication of the menmory device of FIG

MODES FOR CARRiWNGO{IIG. FHE | NVENTI ON 5A plurality of nenmory cell s
havi ng an increased di stance between programmbl e vol unes of adj acent
menory cells is disclosed. The plurality of nenory cells nay be
utilized in a nmenory devi 040DESFORASARRFORBNIJE THESIN VENTIPERAM devi ce
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bet ween a bot tiemel @6dstaill @etikenthd nfenicap callsécicdmadd. T2 increase this distance, the

location of the programmable volumes 2 of the adjacent memory cells 4 on the memory

devices 6, 6', 6", 6" are vertically staggered or offset relative to one another, as illustrated
in FIGs. 1-4. Each memory cell 4 includes a phase change material element 8B disposed

15  between two electrodes, such as between a bottom electrode 10 and a top electrode 12.
The memory cells 4 are arranged in an array. By way of non-limiting example, the
programmable 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



The menory cells 4 are arranged in an array. By way of non-limting
exanpl e, the programmabl e volune 2 of one nenory cell 4 may be

proxi mate the bottom el ectrode 10 while the programrabl e vol une 2 of
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12. 20l n one enbodi nent, the phase chahge nmaterial el enent 8B nmay
include a laterally constricted portion 14 thereof, as illustrated in
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el ectrode" refers to an electrodé which is distal to the substrate.
As used heiR8i nther¢nd. Bhe chadcogphdeswmuonndimayrpg pinalyy teﬁ’@é)h§r W@%Fwd

a chal cogeni de g M%Sé %l%tmﬁ;cg Cﬁg% oﬁn&pﬁhﬁﬁggﬁ'ar B R0, nlde compound

electrop05|t|ve ogen T on e phase ch ange
mat eri al may benayiygede tidjollowirgfeamb{i@)ionsadklenienm (Se), tel lurium
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(Ga), gernani urme(@e)xs, I4SHETY, Te{SASYe, GaiSev@r, B{-8¢Xb, Gade i) Ji-- TeiInbe Ge,
(S ety (S SOt O L0 00 B i () gl g
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
GeaSbyTes, GegSbanTesg (also known as GeShyTey), Ge4SbagTesq (also known as
Ge)SbyTes), GeapSbgTes;, GeqsSbsTes), GeasSbyrTess, GesgSbigTen, GeyzSbyrTess, or

)
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20 thereof. The chal cogeni de conpound nay be a binary, ternary, or
guat ernary conpound or alloy of these el enents. By way of
non-limting exanple, the chal cogeni de conpound nay include the

fol | owi ng waRiMRtdeons of elenments: O ~Ge-Te, | n-Spct/ER20080s4182
Sb-Se, Ga-Sb, CGe-Sb, In-Sh, As-Te, Al -sTe, Si-Sb, Ge-Sb-Te, Te-Ge-As,

I n- Sb- Te, Te-Sn-Se, Ce-Se-Ga, Bi-Se-Sh, Ga-Se-Te, Sn-Sb-Te, |n-Sh-Ce,
25 Ge-Sb-Se, In-Sb-Se, Te-CGe-Sbhb-S, Te-CGe-Sn-0, Te-CGe-Sn-Au,

Pd-Te- Ge- Sn, | @é@ﬁm;ﬁ'es Cn arfdfhierBmbSdifdnt, fﬁ@ c§h60 m@eo @Isare‘gg@%wazsg or
Ag- I n- Sb-Te, GCe- Se-"Te, (Ge-Sn-Sb-Te, - - Te- Sn- P
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L 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.



to the horizontal distance between the programmbl e vol unes of the
adj acent nmenory 20 cells. In other words, in a conventional menory
device where s is 20 nmand his 30 nm the bit-to-bit distance d is

20 nm wo ieoemdzodi nents of the present invention meycTngs2009/054182
practiced in conjunction with conventienal techni ques enployed in
sem conductor fabrication to produce the desired nenory devices 6,
6', 6", 6". While the follow ng description provides specific

details, 25 such asHBIIREtkAond yRGStedFRict dréhotdhdiBING be B&udREkws of any
processing conditions in order to provide a thorough description of
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20101022065PCT/ US2009/ 054182 6 The illustrations presented
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be a so-cal | edbulsubstraterindlidinglh Blyexcdfseraicorduetor alatedidl. Aasused hataihythe &em “bulk
in FIGs. 1-4. The dielectric %erj al 1
not o

€ e fornmed.froma, .
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nitride. ByswayyiRiraidBiichilbhksAPhBX g@@se) sublatél] @lieGhr lhfersBitsdicon bn 4 Base
may be 10 pl asma enhanced CVD ("PECVD') Si Oz, where z is 1 or
O

: 2,
PECVD si | i con sfmricprizctopfoustagioneand oté symicondygorpramieelerigniemaleials, jugh as
material 13 angﬂi%%g 21, Eér%hfuﬂﬂ%aﬂigrn@éénfla@,scfrﬁl{cﬁ{ﬁﬂ pROSBhid& The substrate

substrate (not s , such~as a conventional silicon substrate or
ot her bul k substaydedopsddrudiiongda Tp dyrey the bottsntleetrdad? ay a plug.dhe diclectng

used nereln RSy Ry BRI RS SRS APLYgB G
si | i con- on28appiwterial ¢ tBOMHonselbatodatl @.s Thegintiectiva matcapkbmsy wiiudé,[batismot
on a base limited to, W, Ni, tantalum nitride (TaN), 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
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sem conduct or foundation, and other sem conductor or optoelectronic
materials, such as silicon-germani um germani um gallium arsenide, or
I ndi um phosphi de. The substrate may be doped or undoped. To formthe
bottom el r as a plug, the dielectric materi al

patter nede‘?ézﬁgﬁ?nﬂog%ertur es, which arg filled with the con uc?i{\%élsio
material of the bottom el ectrode 10. The conductive material may

i nclude, but is not limted to, W N, tantalumnitride (TaN), Pt

tungsten nitri .y 1d ' LI ' . . o .
al u ram ni t 1 G22pefkrefinbar AR Ak e s s e LR, HBlrql 13,
conventi onal deldantlembotlmadntsi aggientesnptdiedashdrgin divaondativeragteral is formed as a

deposition (CVD) or physical vapor deposition (PVD). Portions of the
conductive mat@f5al overl ying the 25 dielectric material 13 may be

renmoved, such as byr%t}fsﬁxaﬁé}?tdieﬁ@woﬂmﬁlp@agm&i:haﬂgémateﬁzﬂalm@fbe
the bottom el ectrode 10 may be tornmed _as a | ayer. or other
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t hr ee- di mersi offENeEYSF PLir&PRtE valdhe dislectds artssl [Bandthedpitam elegtrodedt0, as
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phot ol i t hogr ap t echni ques t.o formthe nenp cells 4. Wil he .
i ori 1y o ¢ G et PrRade Taiebi . T otk PR DY o vaRgonal hotSresis
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el ectrode 10 as a plug in the dielectric material 13, additional
enbodi nent s ar ¥ Benbedsyelapetrogisiched 1o fomea desradpatice whichds rapsfergd to the

formed as a | g;lifr“aEe chhfad 43R4 R0 Fﬂ%ﬂ%ﬁergﬁdéﬁ}ﬁ@e &aﬂ%e hidt&ial t%ﬁ a{n?é pRAARE of

change materi 8 may be Sformed over In contact w
di el ectric nattemickds 183heiein, as kovpointtdi &1 Bestmlwdlty phrengbesionmdeimed b,

oomne on3ee SR OBl L A AR BY. EAROHAL Iy g
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height of from about 10 nin to about 100 nm, such as about 60 nm, and a width of from
about 5 nm to about 50 num, 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, CHjF», CyFg, CCly, Cly, or C4Fg. In one embodiment the etchant is CF,.

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

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



10 the phase change material 8. The mask material 16 may be a
conventional photoresist material and may be sel ected by a person of
ordinary skill in the art. The mask material 16 may be devel oped and
etched to {RfidngdRsi red pattern, which is transferred tperidigoopHess:
change material 8 to formpatterned phlase change naterial 8A and a
plurality of trenches 18 therein, as shown in FIG 8. The plurality
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material 168 mpBLosnEsRoRil B! De sttt ML B of P B AS phace
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 Q)
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



| aterally constricted phase change naterial 8B at its narrowest
cross-sectional area (see FIG 10). Trinmmng the patterned mask

mat eri al 16A may be acconplished by 5conventional techni ques, such as
by an iso process. Sel ection of the isotropi y
depend ont"gﬁ%lﬁrg?}grl al used as the magk material 16 andﬁcﬁ@@ﬂg)%ﬁm'ﬁ?
determ ned by a person of ordinary skill in the art. By way of
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8B, the dielectric material 13, and the bottom el ectrode 10, as shown

in FIG 11. Thbaseshuesmasgahidt Etheaememataipl sasefor thapbise shangnBisral$ and
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deposi ted conforna i nsul at1 ng materi be depositeéd by
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20, such as tho c on a r f
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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 filt 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



0 WD 20101022065PCT/ 1152009/ 054182 9 laterally constricted phase
change material 8B and the upper surface of the bottom el ectrode 10,
form ng spaces 30 defined by sidewalls of the insulating material 20
and the uppgysdishase of the bottom el ectrode 10. Since pclras2009/054182
insulating material 20 is conformal|lyideposited on the laterally
constricted phase change material 8B, the spaces 30 are bounded 5by
non-vertical or sloping sidewalls. The spaces 30 nmay be filled

with fill phasexsfaaaehiRtaist MhteAd (n@ShSHO\Wiay B2 appliedbder tht@pleleetrode 12, and
phase change material 24 may be one of the materials previaqusly

described and dayelansd prbeteheducepsding toiopyeienal phetahihestephinieeliates (L by
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di fferent mat efilsd with gp inspjati @%”agﬁﬁ?é’v%ﬁtsé‘ﬂaﬁa%h“&\ﬁﬂxkdﬁﬁsﬂqo nitride, or a
phase 15 change,RiEhdvitly Adw tadinac@Riudi®ipry cells may have different
programm ng currents. Depending on the cross-sectional contact area

of the phase changelmiieaemery divisesnf FEE hithe latrally ponstrstrdwrtions hief the
material 24,w dess A Talg ;
60), the mi?er ?%r;sdﬁﬁ%og%}ﬁ? %‘Iﬁ 8%%2 c}é)aﬁlggghgeﬁange&[%ﬁt{%ﬁl gﬁégcange tﬁlﬁtgn% 2I4I aem
phase change ndiresticanta ity top eletreietlddnd thefpotom discisedei W0arespectively. The

programm ng cutrents for. adjacent nor cells. Th
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t echni que. Por tieaiBy &dlls uh@hé idtdralphrasrichd pigae tiringe inateri?lBBoviey hayk aghape that

the insulating material 20 and the lLaterall onstrict ase, change
material 8B may %@V?rwﬁéa‘)ﬁfge E‘Hﬁ%@#@? g‘hﬁka%éé’g?ﬂ%e&?é%zigﬂugﬂm%heb@%&y
chem cal mgghahgaictdd Jﬁiﬁé%"dh&]@éei Rdterfal EEN thelfl @yROSandehRatéridl D4 phedeverted
change material 24 and the insulating material. 20. 25Si nce the spaces

30 have sl opi n¢fPeT Thansiof §PPasig oFieRiptioNs 8 bt torhig disiatet betvees fhe Ppyagmable

in the spaces %Qluﬁlewohagac%htqa&ﬂ shleyBlh&iane t he lateral ly
constricted portion 14. The top electrode 12 may then be forned

overlying the exposde femr the semont devine 6’ of FIG. 2, the mask material 16, the phase change
material 8, the bottom electrode 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 8 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 matetial 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 previousty described

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

)

)



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 fornmed from 30 one of the conductive

material s ' described for use as the bottom el petK 08694132
The top el‘gé?%@gﬁk‘ and underlying pgftions of the insulating

material 20 may be etched by conventional photolithography techni ques
to expose portions of the dielectric material 13, form ng the nenory

cells 4 shown jr , RN N : :
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. ir
be filled with an |nsg‘_[lat|\(e material (not shown), such as a silicon
oxi de, a sili cgnsnibangedtesterial 86 mast ersubstaryally wptisctedly theepiggfropic etch.

conductivity. Int nory deyi ' I :
constricted porti ng;heﬁ 0 tnllﬁagk f%?elnglt fegrBaIF%&ec%ﬁlg %‘%fa(l:]td Zﬂdﬂ% %ﬂ%@e{lgé}haéeﬁlgalezo
mat eri al 8B anfdrhétbcohfdrinaiphasee theheapged sufaeesd eflthcddterilp constrititadeuhnse change
contact with the t el ecirode 12 and. bat t om C e 10, .
Cespect i vell. HRETHAPEPEPY comer MBI oot oo G OB ridE SRR oL
programmabl e vahysRs ndtéfal bigapesBindueed hspréviousheddsatitet al deyard to FIG. 11.
constricted phase change naterial 88 may have a_ shape %,hat '

. . . s
reverse image Berizonil pitens dfheipaigtingm D, sehig Sosg 1é}?q3";-‘f' ompthe top surface
Since the |atefghd mteﬂa%ye&watécﬁg}ﬁge ARASENSBAN IR B LRk hanBBrARHal fCmay

fill phase change material 24 have inverted taper shapes of opposing
ori entations, berembied, fasmbigspaiies Bhdefened by dhasubyiantinly prroyrasehabileping

rerory device CAOGRCh EEMBhNfE:ErH 202pTHELD 4B qfthe e e
material 8, thmatkosltsEethowhindE. 10, Tanwntdval dithe] lecizerita porioss pithe irgulating
Y e 0 e e s o eSS RS SRS, LR
t he phase changey bafildi-eith Be fitlyphlre chaige etatel] 24 8s shown in FIG 20. Filling the
spaces 31 may be conducted as previously described 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
{ materiat 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 § 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 3C 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 matenal



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
remai NS OowWRp »d:@possur f ace of the bottom el ectrode 10 amdTlsmo9/054182
25di el ectric material 13 in addition up the patterned phase change
material 8A As such, the bottom el ectrode 10 and the dielectric
material 13 are not exposed. The partial renoval of the phase change

material 8 may(ResReEONMRE ShaldoRixidenwRitbh aitdde, &t Lhitagal hedhni huetermal
whi ch are not described in detail herein. Patterning of the mask

material 16 an@ﬂ@ﬁ&%‘ét}’change materi al 8 produces openings 28, which
are defined by a boxg@m{ﬁgﬁg&gﬁ iffrg??@ mgéﬁan%&&&?cwg%ardn@hﬁﬁhe

and substantially vertica the patterned phase chan
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anisotropically etch_the patterned e ange nmaterial 8A )
produci ng | at eflsftradeddndbs P}@F%ﬁ‘aﬁﬁ%@%tega%%%%‘?ﬂ% Phpe chapgefaterial 32 are
corresponds t 0;PhBsEntaNERHER: FRL BkibBliord RERGe 19Bnd @k tehelvdirotd 1 Elréspediifely.
The first end 19 of the laterally constricted phase chan%e mat er i_al

8B may have a dbelataglbconstderd puhnirldsoresPprblodbeREABDE Y ORmc Reof the
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of patterned phase ‘change mate ma e conducted as previously

described in rsgegedfthe skip.of 1@ laifilly phnabstediphasgeshange arataial & Piage the

substantially Pa?eg‘gll[yec%%gudlctgx pl%a@g cl?aglges r%%{egai B %[dctge fill phase change material 24 have
alternating, inverted taper shapes of opposing orientations, the bit-to-bit distance d
between the programmable volumes 2 of adjacent memory cells 4 is maximized.

15 The memory devices 6, 6' of FIGs. 1 and 2 may be fabricated using two
photomask processes. In one embodiment, a first photomask process is utilized to pattern
the phase change 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. In a second embodiment,
a first photornask 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 ir 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 photomnask
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

O



The trimed mask material 16B may be renpved and the insul ating
* material 20 forned conformally over the exposed surfaces of the
| aterally constricted phase change 10 material 8B and phase change
mat eri al in FIG 18. The formation of the | '
mat eri al g'gorzrlgl%m?ge%m;nduct ed as previgusly described i ni"?}‘zgg@gd"{%gm
FIG 11. Horizontal portions of the insulating material 20, such as
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those narrow apertures 40 that are not to be widened may be filled with a sacrificial

material (not shown). The narrow apertures 40 that are to be widened may then be

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 substantiaily unaffected while masking the wide apertures 33.
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.



12 (not shown), such as silicon oxide, a silicon nitride, or a
material having a | ow thermal conductivity. In the nenory
device 6' of FIG 2, the laterally constricted portions 14 of the

lateral |y ¢@nsigid8dsed phase change material 8B and the pckluspassis:
change material 24 are in 5 direct comact with the phase change
material 8C and the another phase change material 32, rather than
directly contacting the bottomel ectrode 10 and the top el ectrode 12.

The phase change maj QL alneS3Gadiiithiks 42881 RlowpedGCAPRELHERbETdnakd 32

are in substantial contact wth the bottomeleCtrode 10 and the top
el ectrode 12, stesmdoFIGely Thawidel aperwres 44manbsiormed avgr e phase ghangg
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Frrst phot BreoRipr orbee SRt shiheisidaid & SEORULERT° BFaR e Bhase
the phase changengdmemtignlataybeansd of the nibaielspedviousiyldedofibediademahiee the same
second phot omask, process js utilized to.pattern the.bottom and.t

el ectrodes 10, °1d P"ﬁmstbat“t}{?e @?%%@@&%W@H&%oh%ﬁfo%@&%mﬂ?‘?%w bﬁ'&%ﬁf"f}
device (in whi gherithehRicQus 2RI 8 ehdRnctherddhaChstige WRMMIY 3T &ldl efched to
are on the 0 sane verticatlmgl ane as one_another) also utilizes two

phot omask pr ocE&smehe top glectiistldntsskopr 8t8&s3t 0 pattern the bottom
el ectrode gad the OhnGlwbATRIREKHREQRRRS el kR kinc? BaTE OREe

cell and t top el ectrode, fabrication of the menory devices )
may be acconpl inetesial 3R of unernnery el ef thelaiemporigiicp porey fichide g first portion 48
To formthe ne vice. 6":q0 FRISIEN ok ; %b%?z[?lﬁ%' cld-908
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partially constrh gty WolRi@aepdribes 433 eRynde thopoBantsibRgvolumes 2 of the
conventional WD 20101022065PCT1US20091054182 13 )
memory celis 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 matertal 8

)



phot ol i t hography techni ques followed by a dry etch process. By way of
non-limting exanple, a mask (not shown) may be used to produce the
w de apertures 36 and narrow apertures 40 (shown in dashed lines). A
portion of,the (ﬂ?ﬁ(f QW apertures 40 may be subsequently ped@RamobN1s2
formthe partla y constricted wi de apgrtures 38. The w dth of 5the
partially constricted wide apertures 38 at their w dest point nmay be
substantially the same as the width of the w de apertures 36. By way

of non-limtin X

be wi dened to %gf%g{ag%e &7 aﬁjlt p%g%oqﬁoict%%%\/\ﬁv f]éesgziew ?‘09 S%E%o af%nﬁgt a8/ for
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substantially unaffecte | e maski n t he r 38.. T

|l ateral shel f DOSUioRpEH eﬂ@tﬁﬁgyf?@trﬁtﬁd&’t éqoé’FIIWS‘écgﬁ}é#) ﬁ é%{ 8‘?%%?‘“5%%314

to the partialjouiGRN26H6E @fécw SatRpakbuhi&s oaﬁp eRbir@Ien 20, |1sze1iem logs Weasden
(not shown) may be used to produce narrow apertures 40 in

di el ectri ¢ Smatige proigrangnableyalyme ard the batam atop slettEndes] b de Fsdag‘éceﬁ 0AB§uch,
conventional photald Lhealane eﬁr@é‘ %ﬂhﬂﬂﬁ%l&ﬁ% Ak W boRbmr |toerrIecﬂ'odes 10, 12

portion of the narrow apertur hen be 1 ncreased, producing

t he wide apertmmmssﬁolamdngmapapparaidny)fcﬂwrrsttmormi@dcemﬁdé" Veageimpieves the
38, respectivel To for e, a res 36
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sacrificial ?érb@éhaﬁé&(ﬁn SN Meviddis, B GF AWrRiEes, NUsREestth ﬁrélﬁ&ryaléﬁcé 6"
be wi dened nmay then be 20 subjected to an ani sotropic etch whi

those narrow ajsevettomasingee thphit-terb disice @ befwed adiasent nﬁ"é’%i‘%}ﬁé&“@lﬁg By
the mask or s i 0&)%191'(1@1{ 0 dﬁbfn@{:y del s 585 16 Qb AR R Hehd thanstbr BEAN&HI 28 acent

may subsequent renove nventi'onal techniques. To formt
partially consmcmoty@sﬂlwidﬂl@peequmt@‘s ug@anted plgpge gopgdson of t he

alternal ing nart ow SPebiul SSine b TR BEeAPRE och Qafa Bl liory G1IEH hd

shel f 42 Ile aw ompor ternatlng narr ow
25 apertures 4fidimize tlendhactsudkcicandenahd grogmmﬁfabkctvehhnwfﬁ df¢herppieid thngehe

wi de apertures 38. The .lateral el t "
constricted poP@iEdH $3pddts afsﬁ%‘atﬁif’f’? %ﬁtﬁ?b%% 38““098% %ﬁgr“?o WXWIC%
38. The phase ﬁfgﬁﬂﬁ@ﬂ[ﬁﬂﬂﬁ&}ﬁe Bray "[Dﬁbdﬁmﬁ&hd&@elemrdida:eoﬁ\a slegle memory cell 4
apertures 36 and the artia stricte 38, as

shown in FI G 28y hagaitipentavidt %ﬁ@% AN ‘P ‘ﬁﬁ%}‘poa%g%?féisao ORetoP
material s gy evijeyslay s8Esrd bdueth Adog@YctiResS ad afiasint Rembfy dena m\dy(i%

apertures 36 and the partially constricted wi de apertures 38
conventi onal teastenlly siesgereberdieidn ap 2lfereatiss AREne HaKk ahech Frle§1°r38°eu 4hasa

overlying the di gleChilCeltRLAL 58 hnd Bl Yo P8ednSIRYEhilSAaleAS dljscéVhemory

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 matenial 13. The additional dielectric material 34 may be the same as
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44 and narrow apertures 46 may then be fornmed as shown in FIG 24.
The wi de apertures 44 may be forned over the phase change material 8
havi ng t hewloadogs@héeg constricted portion 14 therei n whi [PETIUSROMAB418Y
apertures 46 may be forned over the phése change material 8 |acking
the laterally constricted 5 portion 14. The w de apertures 44 and
narrow apertures 46 nmay be forned by renoving a portion of the phase

change nat eri aly Siffedhi e @c N@bdtric madHililoNahe gidiopeal diélecuiminateiiall 34t be
shown) may be fornmed over the dielectric material 13 and phase cha?ggdth

material 8 andPErRadoRrdngPIihibe FHdPEPEIAEPIURIR & EPFECSHRYSPPND o Fata
removed to forg %Qg?]déﬁ&ﬁl ARREY Bﬁ&ﬁéﬂa@%ag@arpe&we%gf bR ifh thd PRase

wi de apertures 4 narrow apertures 46 nay then be 10 filled with

t he anot her phabange mategel, fameg iasc3RangeanattriphpleinantBias skowirind’ Igndk-hEke

phase changg material 32 be one of..t ' ' .
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mat eri al 8. Thanappeusitheeaftiaimehaly devye ey fhon beplanareed tdieg, fhrasanple, CMP.
change material 8 and.the another phase cha nmat erial. 32, a et ched
to formthe topliemagyshydes phsse changsfpipnal H‘aﬁfﬂ’%ge%".m IWBW?ng“’IQﬁ%Wr the

3, phase changgqigh ekbitddeS52R3d ahittheANMAR MmBHRS €3,6Aa PGBl fdrl phdsk
of the menory cells 4 of the nmenory device 6" may include a first

portion 48 and changeswtesialrienens §B5dhe pfitienal digeqingmategal Yaavdhanbrppplied
portion 50,qay {-hent ; ign 48, form ng N
a so-call eégﬁva&gﬁg{%@%?g@gﬁﬁ&ﬁgﬁ%}@% SceI E%%@%%vgm ternating Y ( )
shapes. An i nt er f ac&nothet dieledtiic siatepiok 36 rory o aviaeths é@kﬁﬁﬂlcwﬁﬁrl%g?’ and -

50 20may produge t | at.eral l ] i ele d . . h

change materi al eg’l.dg%ﬁggfi fe?es‘f%“ %n&%?l?%%5"433%%’381%%18%@%1%#5?%3%§ | oﬁy g%ﬁe same
correspond to phasdffelmtien thetdildcaic matetmni3, 88, THhaoktat diekbirig material 56 may
constricted portions 14 correspond to .the progra bl e.vo . of

theO nemory celPF B3UEINSERRS SOFRL %‘Gta’fti '8 rfm%ﬁ ag@a‘]’%%‘ﬂ?tmﬁetﬁge@%caéaf%nu
may be vertfkcahhyowh s@Aot@howatf)fa88 tvidehpafurasd (et Mdtviny) JTHeannety apertures in
rel ative to one another. and may, respectively, 25be in di r%gt cont act

with one of théhsrsetendigeetae pataiah P manbe IRENtRyeRihs semprecefblocadiong having

adj acent menor Y,:8Lbdidnftel Q@8 8es4l Ghildhk Mde dpBit&es RAhelaiiRPaRlechidaterial 56
bit-to-bit distance d between the programabl e vol umes 2 of adjacent

mermory cel | s 4 may bedsaimed peer. thermempet eHagqajonsdrying nare by Fleodes >3- nthe
menory device %ax%'@ %&tuﬁ’&%d w&f‘e apertures may be filled with the conductive material to form

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 36, 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.



cross-sectional contact area of the laterally constricted phase

change material 8B or fill 30 phase change material 24 in contact

with the bottomelectrode 10 or top electrode 12 is m nim zed, which
reduces thﬁo@ﬁﬁﬂﬂkm?f current utilized to electrically swrisShod a1
programuabl e vol une 2 between the anogphous and crystalline states.

In menory device 6", the decreased width of the first portion 48 of

t he phase change material 8 WD 2010/ 022065PCT/ US2009/ 054182 15
relative to the secgy, pg riﬁw}eﬂff?orﬁig s GRbRNE VinflRS nfafiRGEGR SR aliernative forms,
cross-sectional contact area for contact with the bottom el ectrode 10
or the top el especifidemb@iiments hamdesn showindysvag'of exgimplbip thodiewingminedchaye been

| aterally constricted rfions 14 such, that the |ater con .Gt
portions 14 doéqﬁ‘(‘ﬂ%egin} ‘geg?‘f %Ff%B-n %IFvelr’Hlée @5?%“8%11301}0?{1%16@%{%}6 %@%@ar%,%%
12, heat | oss defisve@nRah&ethp LeghiEsebdmpadss dirtmodifatibrisheribidris@and sifernatives
top electrodes 10, 12 is reduced. As such, an inH&giEce betwe&&éﬁgﬁ
progr anmabl¥e VBilingeidinthe sqone ohbe iysatn 2 gpfined &y thedgilawipg appes fand
cool during qudgﬁ%dqﬂ@%gkﬁgn of the nenory devices 6', 6", which
inproves the relrability thereof In addition, the reduced transverse
cross-sectional area of laterally constricted portions 14 increases
the current density therethrough, reducing the anmbunt of 10current
utilized to electrically switch the progranmabl e vol une 2. The
alternating, tapered shapes (in nenory devices 6, 6') or alternating,
Y shapes (in nenory device 6") serve to nmaximze the bit-to-bit

gdi stance d between adjacent nenory cells 4 during use and operation
of the menory devices 6, 6', 6", reducing heat transfer between

adj acent nmenory cells 4 and consequential, unwanted phase changes.
15To maxi m ze the bit-to-bit distance d between adjacent nenory cells
4 and mnimze the contact area between the progranmabl e vol une 2 of
t he phase change material 8 and its associ ated one of the bottom and
top el ectrodes, the nenory device 6" shown in FIG 4 may be forned.
The bottom and top electrodes of a single nenory cell 4 may have
different widths, such as a wide bottomel ectrode 54 and a narrow top
20 el ectrode 58. The bottom and top el ectrodes of an adjacent nenory
cell 4 may be vertically staggered or offset in an alternating
manner, such that each nenory cell 4 has a narrow bottom el ectrode 52
and a wide top electrode 60 while a laterally adjacent nenory cel

has a wi de bottom el ectrode 54 and a narrow top el ectrode 58, and
vice versa. To formthe nenory device 6", the dielectric nmaterial 13
may be patterned to 25formalternating, laterally adjacent narrow
apertures (not shown) and w de apertures (not

(



shown) therein. The dielectric material 13 may be one of the
materials previously described. The narrow apertures and w de
apertures may be filled with the conductive material to form narrow
bottom el ectrodes 52 and wi de bottom % ectrodes 54, as shown in FIG
25. The conductive material nmay be one of the materials previously
described. 30Portions of the conductive material overlying top
surfaces of H&Agﬁsql ectric material 13 and the bottom el ectrodes 52,
54 may be re , such as by CMP. : An additional dielectric
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di fferent thaerhbey colidltet separaretidryial aiuged. f or the bottom el ectrodes
52, 54. Portions Bl HignEANH 'Eéé’ efm@heh | Al whkesihyiRIphag surfaces of
(t he anot her C(i:!hglrlgg G e aTR RS glg’eaél{]ﬁlemory cell comprises a
' substantially frustoconical shape.
8. The memory device of claim 1, wherein the phase
change material element of each memory cell comprises a
substantially Y-shape.
9. 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 bottom electrode or the top
electrode.
10. The memory device of claim 9, wherein the laterally
constricted portion of the phase change material element of a
memory cell is in direct contact with the bottom electrode or
the top electrode.



narrow top el ectrodes 58, and the wi de top el ectrodes 60 nay be
removed, such as by 25 CwP. Si nce the phase change materi al

el enent 8B and the narrow el ectrodes (narrow top el ectrodes 58 or
narrow bottom el ectrodes 52) have di fgﬁrent wi dt hs, the surface area
of the phase change material el enent in contact wwth the narrow
el ectrodes 52, 58 is mnimzed. As such, the anobunt of current
utilized to electrically switch the 30 programuabl e vol unme 2 bet ween
t he anorphous and crystalline states is reduced. In addition, by
alternating the J ogcations, of .the narrow el ectrodes. (narrow to

el ectrode 58 oflln%r}lﬁﬁl%@%vﬁ?%lcé’@f‘?%ﬁggw), the bi g-to- bi t d!ostance
d between the Ryl wepryeells zagh havingceiop elerBedecel Is 4 is
maxi m zed. WO 20boibd2 20e5ecE] Ais?aqhaes4h82od Mmaterial elsthehe t he

invention is suseRgidsblehéiebeniedal sviimein wedths ofshaftp deternative

dr s hge and have doag o TescP HEerBRNCAIOHE Bt fondiaebl B, LN the
i nvent igon i s not ”PPﬁﬁré'&%fgldt(%gﬂﬁthug{ﬂ%ﬂqcm%g8ir§ jl‘\%\éﬁ{j Rat(:a her,
the invention endlfipasseellsae rentdsemams anpdhetat i ons and

al ternatives 5 12allhemgembtihdevicdef slaapd lofvitehanianvehh bfrieas defi ned
by the foll owlige agpgipde thatbAalmelansht BEi dacdhegdmeguicepl gnts. 18
CLAI M5: %gﬁmﬁ%ﬁ S41:8 5o (SOMRAISGhe B BlebBEIL Al TEor Y

cells, each C ri,sin ase change*material el enent

di sposed bet {lébﬁ’gttot“b %F@é?r ode and a top electrode, wherein the
(phase change nmek¥rA aheodnehforofingac memrony deviek) teonptheds a
laterally congiihpfh@d: portion thereof and wherein the laterally

constricted pordlons, gifph%agcigér}?%eenﬁmm@mﬁggae@ﬂrsa@nt of adj acent

|1 < d . Ty device.
2. The nerory dEVIEEAER RFUPRPT TG RASEHHEPRE PO o 1 ot ed

portions of the phawdityphlitd latardly constigaenhascrhaggeMaEft nenory
cells are in altefalaiémgnisortaptisingt s firdteensband msetend eode or the top

el ectrode. 3. wiherelrpanidthdefthe ¢iref erel Binarbwerhbaen witille | ateral Iy
constricted port'o‘f’i‘ﬁe@éccﬁﬁ?eﬂ’ase change material el enents of
adj acent nenory. cells

change mater i aOHIIg adllGrdify 3£ &LORY' 1@%&&?%@&&&%&1 pRAL her 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 ele-
ments of the plurality are positioned between [irst later-
ally constricted phase change material elements of the
: plurality and wherein the first ends of the first and second
( laterally constricted phase change material elements of
the phirality are positioned on opposite sides of a
memory device; and
forming a second electrode over the plurality of the first
and second laterally constricted phase change material
elements.

14. The method of claim 13, wherein removing a portion of
the phase change material to form a plurality of first laterally
constricted phase change material elements comprises aniso-
tropically etching the phase change material to form the plu-
rality of first laterally constricted phase change naterial ele-*
ments having sloping sidewalls. '



4. The nenory device of claim1, wherein the laterally constricted

portion of one nmenory cell is in contact with the bottom el ectrode
and the laterally constricted portion of an adjacent nenory cell is
in contact wwth the top el ectrode. . The nenory device of claim
1, wherein adjacent nenory cells are Separated by a distance of from
approximately 20 m| to approximately 40 nm 6. The nenory device
of claim1, wherein adjacent ' nenory cells are separated by an air
gap. 7. The nenory device of claim1, wherein the phase change

mat erial el emens. TheaaethodesDelaimel 4, R ic®aspisiagkehdeti al |y
To[];:faogﬁghgg a3RARG M 111§ %ﬁgﬁ'ﬂﬁn ear YerfVdves 1RE ftlp?htmbilde ‘(’a"ge;e' n the
subst anti al | J@tsscﬂdéﬁ ARG 5PC3I1EYC &r‘ﬂ g’g\#‘%g ?‘fcecllng'rferﬁ , wherein a
width of a pBlRGHs apdrRRIGYHAS BOHRAMS Pﬁﬁﬂféﬁ%ﬁ’f 18| I8REAtNGF each
nenory cel | h@tgpiddodormiaplusaliydiispetes havibgatroversténiagode or t he

top el ectrodef the plOralifpeofivireriyicdeNy conefrictbdiphafe odaapei n the
lateral |y copglérigltgempatdi on of the phase change nateri Fal el enent of

a memory cel | g . leligho fORLA98 | 15&&@?0%%@ LLanhelifgLode or the
memory el | sHsaHeRLbi lsan%igﬁ"ﬁré%@ B A el @e{ldﬁhﬁraéhéyac’f

phase changesesapidr] aéﬁraléY@ﬁﬁsiﬂlcm phasechangeabeteabalemgigtei n wi dt hs
of the top et@npriseedoohinadjircirtt areisoslytleefitst latepaldy fdomeent from one

anot her and wwididibpledsetdipnbettinoriel eehigfesndihadiaeans ofenory cells
@re di fferen[q fié& 18%’[6‘?‘ Q%Hmtncte& ha@ﬁh{ﬁ%%)fﬁaatgﬁﬂl' fg.of claimi1l,
wherein a K f"“ e & nﬁ?g\ ﬁe(@%t% gren I[Ieach menory
cell is appr' B8 T ECPYE RE WBp el ectrode
and t he bott%%o : 13 A method of formng a nenory devi ce,
t he met hod corit. Télmgt’-ﬂlfodrt‘rﬁd@llmIﬁ)hah@enhﬁ‘rrgsngaqémeéﬂtyoﬁer a first
el ectrode; rsxowdigtealppronsrictdd plisepfiange shaegeal erhenital to forma
plurality ofcdmpsibed #8haId Yh@ ﬁlta'll t&ds@%@ﬁﬁlﬁbﬁ cEFﬁT- erial

el enents Coﬁﬁb d”%hﬁeef bﬁé ﬁf‘eﬁl‘?{%q ge‘? a w dth of

AT Tl&?@lé}pﬂv e ﬂﬁ%@@é ypﬁﬁg%m&&éﬂé’iwh%t L e e

plurality of&R
el enent s corﬁ;mil%%’@af&n?‘ 1@W8 and a second end, wherein a width of

the first end %% Thamethed ofickmnel Wdﬂhemrfompmmgdonmmgm1 wher ei n at
| east some sfcemsihtwianaldjxcaofisitahdiecohhs@atianasivaser i al
el enents of 4 er&hq @éh{a)feﬁéleelgﬁﬁﬁd oned between first laterally
constricted p %gglg {‘ﬁl‘rf ﬁ'ﬁlc of the ural ity and
wherein the fj qﬁ@& i 4 $&08 ?“ahg PHPIRE const ri ct ed
phase changé Ttl%‘ﬂq Aorgiog worgonfaly BruHane Phase chaage i oned on
opposi t e si duatesial anrasmbrss wshitbe plaridﬂyo:rfnﬁnsg latesallyondnel ect r ode
(over the pl wtatietyplaise chenfe nsitednidelegeondahdtles phirsligopstri ct ed
phase changeepgh@ldtatalR! &MRAiSted phase change material elements.
20. A method of forming a memory device, the method
comprising: -
forming a plurality of alternating, apertures and constricted
apertures in a dielectric material positioned over a first
electrode;



14. The method of claim 13, wherein renoving a portion of the phase
change material to forma plurality of first laterallY constricted
phase change material elenents conprises anisotropically etching the
phase change material to formthe pl uraI ity of first laterally
constricted phase change material dc-2Dents having sl oping

sidewal I's. 20 15. The nmethod of claim 14, further conprising
conformal ly formng an insulating material over the sl oping
side-walls of the first vertically constricted phase change nateri al
el ements and renoving horizontal portions,  of the .insulating materi al
to forma pl urdiliing (Be pdwabiss ohaperyres crvéi/@@rssérlmdg@e@lfur@he plurality
of first | ateral witkkarfsttpleasectlphgs enathkaage materi al el enents. 16.
The nethod of ghahifgl3n WH@itidnA]l fdesletRE makdaRbivby BE first st

| ateral |y constrk)(ﬁgggcﬂ ﬁ,%emcl ﬁge material elements and second

| aterally consrfr % f fmﬁ rr?er a elerrentsa ri ses
forming the firSiMBlegd PHFaiRe0s pllEpaphg WA ?9}’%%&?@# ¥ phase
change material &PWnapRréughdntthe addisionahdielsetrichnmaladdntd | ateral |y
constricted phasexpbsmihe finst phasal cheinggensterials be in direct contact

with the first fm]ﬁ@ﬂwﬁmﬂﬁ dfaviRepReneeLaid Adleow apbiturdne met hod of
claim13, V\/nerel lPels%rcﬁlah n?dcte ﬁ%%rﬁ hﬂ,é% constricted

phase change mat eigﬂg ccfoéﬁrﬂ) 8@@%{33 1::,%-}13{@?15{1 quﬁ ality of

second laterally fts to have a
reverse image of @fe plurality of first laterally constricted phase
change mat eri affomhirgemsscond elctrote avet el pbirabitapfmlaigrallyur t her

conpri sing form pan@fceid pleae dhahigeenatefdqhbelenierfts.r st and second
lateral |y COHSQ&' 1@541&19@&81 Ehﬁﬂ% (@fe@ém%nﬁhwghﬁaha g9 The
method of cl bt Eed AL LT P%rtg}égpe‘%éﬂ Lol por tions of

T

hori zont al | y?%SEEi TIE Wwith the
plurality of PEISFEHOMRING ¢ Pl l’rqf ?Fayﬁag%u Hﬁ p eerl al

el enents and chhegpmatetiakglemientesishdbphnaram poriowstfiasiad phase
change mat er icaht éhteralht sonstrit@ed Almsthclthigde hoatarialy arememory devi ce,
t he net hod cgiypbglﬁhr@deggﬂﬁrh{&@i}p(ﬁgﬁeéi ty of alternating, apertures
and constricted bf*clq £ %‘Hc 61 §rth ugqﬁl;;dioned over a
first electrode IEtra ,[ ‘gg%ﬁé [ and
constricted 4B %‘Hﬁaﬁqé’é}%gqiﬁ‘?? raEE BHa ‘ﬁ’ g 25? 412° formi hg an
addi tional dteddkand Apapiygety ¢ ‘éldfeﬂ 5Eha %“I‘féﬂ@e mat eri al ;
formng a pl apattitog withah tsecoiad iphgsc whasgapuatoniod soamprisesr r ow
apertures infillixeg ablelispeaoads, doaketed apertas, abideoaminoes, the first

phase Changeﬁﬁghﬁf"ﬂoﬂla Edvhiel Rexlh ﬁ‘f‘e PAHE Bhhdd/ cRingl K@ teRA! t ur es and
narrow apert p m‘% F:e?hosc%f& mtq gssv%l% HQﬂhH@rﬂ?? alﬁtgllcfior A

plurality of
and form ng P& 'é%d"@‘é%]ﬁ'f ied aperthes eV fig a@%w dkﬁd}%& aIIy

(constricted praedalewgigéngihepluanlienehsisteqpertures 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.
24. A method of forming a memory device, the method
comprising:
forming a plurality of allemating, narrow first electrodes
and wide first electrodes in a dielectric material;
forming an additional dielectric material over the narrow
first electrodes, the wide first electrodes, and the dielec-
tric material;
forming a plurality of apertures in the additional dielectric
maierial;

ts;



21. The nethod of claim20, wherein formng a plurality of laterally’
constricted phase change material elements conprises formng the
plurality of laterally constricted phase change material el enents
such that narrow portions of adjacent |laterally constricted phase
change materials are on opposing si de€? of a menory devi ce. 22. The
met hod of claim 20, wherein filling the plurality of apertures and
constricted apertures with a first phase change material and filling
the plurality of mﬁde apertures and narrOM/apertures with a second
phase change S fillin ures constricted
apertures, wd 3bﬁpg§8ﬁ§’%ﬁ%§?ﬁ gﬁ@ apgegﬁg sane phase
change materi al . 23 The net hod of cIa|n120 wherein filling the
plurality of aﬁénnunésmahﬂrduﬁ@ﬂnCdn@ﬁnabeV@uhegﬂmﬁehhangarst phase
change material amgtefial;l ing the plurality of w de apertures and

P?lr |r IO‘r’]VgaltOﬁ;t ;Lg'?nﬂﬁﬁdh %hﬁﬁggngf Qﬁé‘@(ﬁnﬁbaﬂrﬁl&e BB e lana Py | Ie:esand
narrow apert urestr%r\ ’éﬁgéif bg} rp &? e%%ﬁg @g&&&%é{{ 24. A

met hod of form n{i&aPhatprYAREEMRENA KB TEERIH e CHAEAPSTINEES forming a
plurality of alt@pesiignedariesihe nasovefegtalecieedes andithd de fir st

el ectrodes hi a deebscépirbirenter paditiofied overghawidddirsti cload di el ectric
material over theodasrsay first electrodes, the wide first electrodes,

and the diel ec”ﬁéﬁﬁ&ﬂaéﬁ?ﬁﬁﬁl'}ﬁpf&ﬂe@p@%%ﬂ’fﬁfﬂﬂr&] ¥ fbrpar tures in

t he additi onal ity of
apertures with a ﬁﬁh ﬁ ¥§?ﬂﬂ%§?]¥)ﬁ¥YHﬁ1 8?@@@ Mdielectric
(material over théaﬁﬂ%s@f&iﬁﬁﬁ%‘mﬁh@éﬁfﬁﬂcs gt Wil @S%W]%F'lty of

al ternating, w d&odpertures and narrow apertures in the another

di el ectric mat @6i @he hietkadofelaine 4phdreeciatfilliag thepRirhidy, ofsherein the

wi de aper t " @9l eﬁaﬁéstdlmﬁérav%ge&hf@es%ﬁﬁ%ofn ﬁét?x,@hﬁ?é rodes and

t he narrow apert e | ect r odes;
and fiIIing %Q(: U£F ﬁﬂﬁfh @ ﬂg%f 6£E QP ertures with
a conductive PS%F Hpé @BQ%Q@%W%F%PF Qﬁl Th “ﬁ 1 narr ow
second el ect naBerasdll viclepEsisgmi neliest b@ﬂ@sn clecamde @et hod of
clai m 24, wheridenop ldctmgiet he plurality of w de apertures and narrow
apertures with a conductive material conprises formng a nenory cel
conprising a wde bottomelectrode and a narrow top el ectrode and an
adj acent nenory cell conprising a narrow bottom el ectrode and a w de
top el ectrode.




