LATERAL PHASE CHANGE MEMORY AND METHOD THEREFOR BACKGROUND Phase change
nmenory devi ces use phase change materials, i.e., materials that may be

el ectrically switched between a generally anorphous and a generally
crystalline 5 state, for electronic nenory application. One-type of nenory.
el enment utilizes a phase change material that nmay be, in one application,
electrically switched between a structural state of generally anorphous and
. generally crystalline |ocal order or between different detectable states
of | ocal order across the entire spectrum between conpl etely anorphous and-
conpletely crystalline states. 10 Typical materials suitable for such
application includ utidizin i.QuUS hai cogeni de el enents. The
state of the. phase% %éél’%‘%&é @EW%@-@%&ETW@D FHEgEEP,R when
set in ei ) talline, sem-crystalline, anorphous, or seni -anorphous
-state repres resi stance value, that value is retained until reset
as that value represents a phase or .physical state of the material (e.g.,

~crystalline oPr@@ercnaﬁgé)nerﬂéw%%@ﬁﬁéﬁﬂnééé%ﬂaéﬁ@é%%ﬁ%ei.@%?%é@ézsttﬁat

‘alter the phase or nenory statfe of the nateri i's acconplTshe

app! yi ng trical e hrough the,material to  heat t materj al .
Reduci ng 't eﬁ%gfep(g@ﬂgaﬁﬁ{:@%&%ﬁf%@ ﬁﬁgﬁragﬁé'ﬁb)épﬁ%‘f%??%ﬁ QWHQE Cr&i%@[“r"&%l e
to reduce, power consunpption of the menory device. Thus, there is a

cont ithui §iRteden elestroaictraemancanelication. Rneype ol memonysaiemzot glilitega phasey
devices to reduce the current used to programthe phase change materials.
1 BRI EF DRSGR RiBtdis Gt Py EEAWdH@aﬂmagwee@étriémtytﬁitdr@%éiﬁeeﬂ% the

ipw\\/\enti on is particularly pointed out an
T structural state of generaily amorphous and generally crystalline local order or between

different detectable states of local order across the entire spectrum between completely
amorphous and completely crystalline states. |
10 Typical materials suitable for such application include those utilizing varidus
chalcogenide elements. The state of fhe phase change materials are also non-volatile
in that, when set in either a crystalline, semi-crystalliine, amorphous, or serni-amorﬁh‘ous
state representing a resistance value, that value is retained until reset as that value
represents a phase or physical state of the material (e.g., crystalline or amorphous).
o 15 Programming the ph'ase- change material to alter the phase or memory s_tate of
the material is accomplished by applying aﬁ electrical current through the material to
heat the material. Reducing the current applied to the phase change material may be
desirable to reduce power consumption of the memory device.
Thus, there is a continuing need for alternate ways to manufacture pﬁase
20 change memory devices to reduce the current used to program the phase change

materials.




dj stinctly clainmed in the concluding portion of the specification. The
present invention, however, both as to organization and net hod of
operation, together with objects, 5 features, and advantages thereof, my
best be understood by reference to the following detailed description when
read with the acconpanying drawings in which: FIG 1 is a cross-sectional
view of a portion of a phase change nenory in accordance with an

‘enbodi nrent of the present invention; 10 FIG 2 is a cross-sectional view of
the menory of FIG 1 during fabrication in accordance with an enbodi nent -
of the present invention; FIG 3 is a cross-sectional view of the structure
of FIG : ' i ign; FIG 4 is a cross-sectional

vi ew of t ﬁirEFaDEgW!P% lgtr ' W r stage of 15 fabrication; FIG 5
is a cross-sectional view of the structure of Figure 4 through line 5-5;

FIG 6 is a ciitessubjadtineatter reganiedlastthe imernﬁ@hugﬁaﬁrcu!élr@po%téa ot hAdg er
stage of fabrication; -FIG 7 is atop viewof the stridcture.of FIG 6 at

t he st ageyji ; E i . . 20 i G... 6:.. Fl 8 is a. .
L osar 09 istinclfBRIrREd iPthal edithidih Bucftor e Ebetinginon; Fnepledafiinyention,
fabrication; is.a cross-sectional view of the structure of FIG

2 Yo LS o2 Vi ¢ tr uct
8 at a | SPYRVER 2oth 8% to prganizationAnd methodief aperatians togather with ohiects, r uct ur e
of FIG 9 at the stage of fabrication
5 features, and advantages thereof, may best be understood by reference to the following

detailed description when read with the accompanying drawings in which:

s,
o
b

FIG. 1 is a cross-sectional view of a portion of a phase change memory in
accordance with an embodiment of the present invention:
10 | FIG. 2 is a cross-sectional view of the memory of FIG. 1 during fabrication in
“accordance with an embodiment of the present invention;
FIG. 3 is a cross-sectional view of the structure of FIG: 2 at a later stage of
fabrication;
FIG. 4 is a cross-sectional view of the structure of FIG. 3 at a later stage of
- 15 fabrication: | |
FIG. 5 is a cross-sectional view of th;sz structure of Figure 4 through line 5-5;
FIG. 6 is a cross-sectional view of the structure of FIG. 5 at a later stage of
fabrication;
-FIG. 7 is a top view of the structure of FIG. 6 at the stage of fabrication illustrated
20 inFIG. 6;
FIG. 8 is a cross-sectional view of the structure of FIG. 6 at a later stage of

fabrication;'




illustrated in FIG 9; 5 FIG 11 is a top view of the structure of FIG 10
at a later stage of fabrication; FIG 12 is a cross-sectional view of a
portion of a phase change nenory in accordance w th anot her enbodi nent of
the present invention; FIG 13 is a cross-sectional view of a portion of a
. phase change nenory in accordance w th another enbodi ment of the present
invention; 10 FIG 14 is a cross-sectional view of a portion of a phase

. change nenory in accordance w th another enbodi ment of the present
invention; FIG 15 is a schematic diagramillustrating a nmenory array in
accordance wth an enbodi nent. of the present invention; and FIG 16 is a
bl ock di agramd Ll ystrating a.porti.on a system_in _accordance with 15 an
_enbodi ment  of FH]‘IE &%Q'@?ﬁ%eﬁygﬂ@ﬁ‘ﬁﬁw Oghlec Stﬁdlq?‘l”etfé‘ 'ﬁ@pﬁ@éiad{a@ﬂ stagg off or
simplicity and clarity of illustration, elenments illustrated in the
figures Hakrication; necessari | y been drawn to scale. For exanple, the

di mensi ons of sone of the elenents are exaggerated rel ative to other

el ements for FGar0 isYa topWie W theBREGuRLHSEIES 0ed tRORIDR bfbBricdther ence
nuneral s have been repeated 5 anong the figures to indicate correspondi ng
or anal ogpus g o- DETAI LED DESCRIPTION ¢ In the follow ng detail ed
description, nune !) S™'specific details are set forth in order to provide a
t har qugh unde‘r:stand_i ng of the ?resent i nvention. However, it will be
undePst ood byFtthddes adpp viaw oh thenstrugture: oftIG: HE abedatenistageseifabicaticay be
practiced 10 without these specific details. In other instances, well-known
met hods, procel@iri@ss a cross-sectional view of a portion of a phase change memory in

) accordance with another embodiment of the present invention:

FIG. 13 is a cross-sectional view of a portion of a phase change memory in
accordance.with another embodiment of the present invention;
10 FIG. 14 is a cross-sectional view of a portion of a phase change memory in
-accordance with another embodiment of the presenf invention;
FIG. 15 is a schematic diagram illustrating a memory array in accordance with an
embodiment of the present invention; and
FIG. 16 is a block diagram illustrating a portion of a system in accordance with

‘15 an embodiment of the present invention. |




conponents and circuits have not been described in detail so as not to
obscure the present invention. In the follow ng description and clai s,
the ternms "coupl ed" and "connected,” along with their derivatives, my be
used. It should be understood that these terns are 15 not intended as
synonyns for each other. Rather, in particular enbodi nents, "connected" may
be used to indicate that two or nore elenents are in direct physical or

- electrical contact with each other. "Coupled" may nean that two or nore

el enents are in direct physical or electrical contact. However, "coupled"
may al so mean that two or nore elenments are not in direct contact with
each other, byt yet still. co-0 ate qr .20 interact w th_ each other.
Turning to FI W'ﬁ, eaﬁppéﬁgﬂ%dﬁgﬁf{%ﬁmﬁmytai”QrFHFHfty5?% WHakEatiom Aleyeemsnory 100
is 4 illustrated. Phase change nmenory 100 nay conprise a nenory el enent
110 t hat Husiratadipitbefguresthave reimegessaatebean diaen todeiei Roatxdreplel tre
portion of phase change nmaterial 120 is positioned between two el ectrodes

130 and Hiflendibigsbf Q588 of B Q@%enifﬁgrer@}éscﬁ%rﬁt% W@Iﬁti%‘ t@ﬁfﬁe‘? lef'e(fﬁnt%ﬂtgé gpterial

150, which nmay be referred to as a base material I1n thi's exa

| nsul at org, .. . 1 may be forned on. el ectrodes 130 gn 140,
respect i V& ”g}? OEA&@?%I \é@ﬂq %oqsa%fsd f@Br%ﬂf‘?%ée%%Fﬂ%%”BWebﬁﬁ ?‘?8%?98\“ reprated
change material 120 and insulators 160 and 170. It should be noted that
t he $copé@mengithe fighesdatindipgtenoresppadingtorianalagesisjembnts. par ti cul ar
arrangenment or structure-of phase change nenory 100. In alternative 10
enbodi nents, phase change nenory 100 nmay be arranged differently and
i ncl ude pegAitEpTESCRYErIONND structures. For exanple, it nmay be desirable
tto}f ormisolatiron structures, address lines, peripheral circuitry (e.g.,
addr essi ng circuitrP/) ., etc. It o ,

In the following detailed description, numerous specific details are set forth in

. ~order to provide a thorough understanding of the present invention. However, it will be
- | understood by those skilled in the art that the present invention may be practiced
10 - without these specific details. in other instances, well-known methods, procedures,
comrponents and circuits have not been des_cribed in de“tail SO as -not to obscure the
present invention. |
in the following description and claims, the terms “coupled” and "connected,”
‘ - along with their derivétiyes,l may be used. It should be understood that these terms are
15 | not intended as synonyms for each other. Rather, in particular embodiments,
“"connected” may be used to indicate that two or more eIemernts are in direct physical or
electrical contact with each other. "Coupled" may mean that two or more elements are
ih direct physical or electrical contact. However, "éoupled" may also mean that two or
more elements are not in direct contact wfth each other, but yet still co-operate or
'.20_ . interact with each other.

:I_fL_;rning to FIG. 1, an embodiment of a portion of a phase change memory 100 is

4




shoul d be understood that the absence of these elenents is not a limtation
of the scope of the present invention. FIG 1 has been sinplified to
illustrate how phase ' 15 change nmaterial 120 nay be formed between

el ectrodes 130 and 140. Electrodes 130 and 140 may be formed froma single
| ayer of conductive material deposited on a dielectric layer. FIGS 2-4
may be used to illustrate to an enbodinent for fabricating nenory el enent

» 110, wherein electrodes 130 and 140 (FIG 1) may be fornmed froma single

| ayer of conductive material 230 (FIG 2). In one 20 enbodi nent, el ectrodes
130 and 140 may be separated from each other by a sub- |ithographic

di st ance.; le, J4n one enbodjnent, electrodes 130 and 140 be
separ at edlll!;s&aéeed(;?gﬁa%@h%}gq ST A G FOM@G%W%%Q Hd@gﬂ‘a%he 5
7 scope of the present invention is not Iimted in this respect. In

addi t i on,M@y Bslude-aphagg changesmatarial it R0 ughersireat least @ podiohai pbase chahgéor s
160 and 170 (FIG 1) froma single l|ayer of dielectric material 240 (FIG

2) , Wwher enateriais10ak PositibRBd detvdd® tWRIRaodsS R B0 Anath 40, eeRsde LI BENEY @

sub-lithographic distance. 5 A sub-lithographic distance may refer to a

di st o _ Sj f. .a st t : f eat [
of "a st rueparay Be A 7H RekEReiherdl 15w B Gl P e ARt © ¢
phot ol i t hogr aphy.. .For exanple, the feature size ma refer to a wwdth of a
mat e a "?f’ge"é‘%d'& thig esemita: dnsuladors 68 and: 144 may. berlorined amrrlestsadasal30 and

photol it hography refers to a process of transferring a pattern or img e 10
f rom one 1A@diespettivelyn oA kitslecteic dayera80fmayrba fomsed ba partivtsesf, phtdd¢hange
ultra-violet W) light. The mininmum feature size of the transferred

UL Tt O o o of the W bt stances
It should be noted that the scope of the present_ invention is not limited by the
particular afrangement or structure of phase change memory 100. iIn alternative
10  embodiments, phase change memory 100 may be arranged differently and include
'additionai layers and structures. For example, it may be desirable to form isolation
| structures, address lines, peripheral circuitry {e.g., addressing circuitry) , ete. It
~ should be understood that the absence of these elements is not a limitation of the
scope of the present invention. FIG. 1 has been simplified to illustrate how phase
—;:21 5 change material 120 may be formed between electrodes 130 and 140.
Electrodes 130 and 140 may be forlﬁed from a single layer of conductive
material deposited on a dielectric layer. FIGS. 2-4 may be used to illustrate to an
embodiment for fabricating memory element 110, wherein electrodes 130 and 140 (FIG.
1) may be formed from a single layer of conductive material 230 (FIG. 2). In one
20 embodiment. electrodes 130 and 140 may be separated from each other by a sub-

lithographic distance. For example, in one embodiment, electrodes 130 and 140

‘may be separated by a distance of less than about 1000 angstroms, although the
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feature size may be referred to as sub-lithographic distances, sizes, or

di nensi ons. For exanple, sone structures may have feature sizes of about
2500 angstrons. | n '15 this exanple, a sub-lithographic distance may refer
to a feature having a width of |ess than about 2500 angstrons. Several
techni ques may be used to achi eve sub-1lithographic dinmensions. Although
the scope of the present invention is not limted in this respect, phase
shift mask, electron beam|ithography, or x-ray |ithography may be used to
achi eve sub 20 'lithographic di mensions. Electron beamlithography nmay refer
to a direct-wite |ithography technique using a beamof electrons to
expose resj a wafer.. X-ray . lithography may refer to g.lithg hi c
process fsoPE% rOSRQP@rT???{B ’Bﬁ?qt@/’h§ Q%nﬁﬁ’é?fﬁ)f%ljﬂs r%s%&fter'”iaﬁ%ﬁﬁﬂcglc%rzzo“*
el ectromagnetic radiation used is X-ray, rather than visible radiation.
The shor tBay haueee tejilustraie tie ferysation. of insuldtors 180 ab0 1705tE ohisfrom arsngle
about 2000-3000 angstrons for ultra-violet radiation) may reduce

di f f r act il@yer chamkledtiy mitelid 24 0tPIGH) %@réiﬁ%ﬁgaq?.? g@ﬁaﬁa 12504 0

fy HXO
angstronms. Also, sidewall 5 spacers nmay be use I eve sub-yithographi C

di mensi o 2-4 be L used to illustrate the use of sidewall
spacers {ggp%%h%ygnéﬁﬂgﬁﬁlh?fgt?yaﬁﬁiug*l'taf’%ﬁ [DfStarES ning to FIG 2,
conductive material 230 may be forned on dielectric material 150.

Di el &tric mafesytmlithoaaphiy dissance may fefemicaa distanty tiodt isdesy thainsa $emthras,
for 10 exanple, silicon dioxide, silicon nitride, or other material. As an

exanpl e, skenducsiruetur8RiRid Rbt A3 GirBY BRtiRIRIMAY di&! okl MinMRLAT i al 150
usi ng a physical vapor deposition (PVD) process. Conductive material 230

ey e B PR R oA i B R o0 8
refer to a width of a material or spacing of materials in a structure. As is
understood, photolithography refers to a process of transferring a pattern or image

10  from one medium to another, e.g., as.frorn a mask to a wafer, using ultra-violet
(UV}iight. The minimum feature size of the transferred pattern may be limited by
the Iimitation§ of the UV light. Distances, sizes, or dimensions less than the
feature size may be referred to as sub-lithographic distances, sizes, or dimensions.
For example, some structures may have feature sizes of about 2500 angstroms. In

‘15 this example, a sub-lithographic distance may refer to a feature having a width of
less than about 2500 angstroms.

Several techniques may be used to achieve sub-lithographic diménsions.
Although the scope of the present invention is not limited in this respect, phase shift
“mask, electron beamn lithography, or x-ray lithography may be used to achieve sub-
20 lithographic dimensions. Electron beam lithography may refer to a direct-write

lithography technique using a beam of electrons to expose resist on a wafer. X-ray

lithography may refer to a lithographic process for transferring patterns to a silicon

6




titaniumalumnumnitride (Ti AIN). Another suitable electrode material may
include a 15 polycrystalline sem conductor material such as pol ycrystalline
silicon, although the scope of the present invention is not limted in
this respect. Conductive material 230 may have a thickness ranging from
about 50 angstrons to about 250 angstrons, although the scope of the
present invention is not limted in this respect. 20 After the formation

. of conductive |ayer 230, a |layer of dielectric material 240. nay be forned
on conductive material 230 using a chem cal vapor deposition (CVD) B
process. Dielectric material 240 may be silicon dioxide, silicon nitride,

or other dielectric 7 r material. Dielectric material 240 may have a

t hi cknessvawf%rrfgnﬁbichrf@m@mmzsne%gaﬁlam used i¥cey 5oshentisry wisible al t hough
the scope of the present inventionis not |imted in this respect. Another

| ayer of ratiistlo®g (Mhecshtrterrivaleldhgthsier X -asys eQ? , @%a0Phe-5@AngX¥irdMmsQversusoxi de
nitride, nmay be fornmed on dielectric material 240. An opening 255 having

si devel | 56t 3000 ABbRY (6! G \lodt FEBNELF IR BHLBL cfffhceBRemhao, 255

may via or tren present fvent

not Ilmted in this respect. As an exa eni ng 255 may be formed by
appl yi ng"8 V|b§yé*-}ed'o agiieYDieaiey sizas efggpuz HQBOSW')O'W} &le9. eddevall

mat eri al 250 and exposing this 10 photoresist material to light. A mask
(not5shosparersayapcbeusset tm aekipos aubdithodradhicadiesshsidnst hEIGHh Q- eaiy He
material, which defines areas to be renoved, i.e., etched. The etch may be

a chem Qﬁedecbqnustmect}ﬁer@ébﬁ H@\W%Lrs‘ﬁ% l%mant etcﬁ%vﬁcq%?m&he etch may

be an electrolytic or plasm |on

—> . dimensions.
Turning to FIG. 2, conductive material 230 may be formed on dielectric material
150. Dielectric material 150 may be formed from a variety of materials such as, for
10  example, silicon dioxide, silicon nitride, or other material. As an example, conductive
‘material 230 may be formed on dielectric material 150 using a physical vapor deposition
(PVD) process. Conductive material 230 may be carbon or a semi-metal such as a
transition metal, including but not limited to titanium, tungsten, titanium nitride (TiN) or

titanium aluminum nitride (TIAIN). Another suitable electrode material may include a

e
(63}

polycrystalline semiconductor material such as polycrystalline silicon, although the
scope of the present invention is not iimifed in this respect. Conductive material
230 may have a thickness ranging from about 50 angstroms to about 250
angstroms, although the scope of the present invention is not limited in this
respect.

20 After the formation of conductive layer 230, a layer of dielectric material 240
- may be formed on conductive material 230 using a chemical vapor deposition (CVD)

process. Dielectric material 240 may be silicon dioxide, silicon nitride, or other dielectric

7




referred to as a dry etch. If opening 255 is forned using photolithographic
15 techni ques, the dianeter or width of opening 255 may be at | east one
feature size. FIG 3 illustrates the structure of FIG 2 after the
conformal introduction of a dielectric material 260. Dielectric material
260 may be forned over dielectric material 250, along sidewalls 256, and
on'a portion of dielectric material 240. Suitable materials for dielectric
.material 260 may include silicon dioxide, silicon nitride, or polysilicon,
20 al t hough the scope of the present invention is not limted in this
respect. Dielectric material 260 may have a smaller thickness conpared to
dielectric material 250. By way of exanple, dielectric material 260 may
have a t hinakefals Diclpatity magtdriad @dsbway ave- s ithitkndsk/ @hgify Brofreabsuite2si ze to
about one-third (1/3) of a feature size, although the scope of the present

i nvent i onahgsthsrhs b rablogd SO0 éﬂf@s’irorﬁ?sﬁﬁ%u Jﬁ?\ od%enl i gr%ggﬁﬁr&eng? i

i ntroduction of dielectric naterla 260 re
5 dielectric

smal | er op ng 265 may be formed using 5
mat eri al %@"Hﬂgﬁd ’“'%'A'Ph'%gﬁg peni ng 265 is less than the width of opening
255, and may be a sub- Ilthdgraphlc wi dth. The portions of dielectric

material 260 AW e wdidigectis nmagertaé 256F sucteds t for axasiplevan bxRrizager s
261 and 262. Thus as my be appreciated, sidewall spacers 261 and 262 may

be used tmcldwnmadpemavg:e Perddhai dﬁmé’ctfﬁi@\/rﬂa?er%‘l”?zﬂd th@ 2\@15%%1, %n one
enbodi nent, the width of 10 opening 255 (FIG e abo one teature

The a”*"“‘*‘@a““%gﬁéig%ffﬁfﬁ%%}.éfgﬁa &e?rc'gﬁ'a r%%%r'a 450" Soenion Ammay

the W|dth of openin
ne errbodl w dth of opening 265 nmay be | ess than about

t
%0 angstrong ° Fﬁﬂ?&'h aﬁﬁ@“%’%é’b‘ésﬁ?pq ré the @sesant inyandiom ismatdimised lin i t ed

|n this respect.
this respect. As an example, opening 255 may be formed by applying a layer of

photoresist material (not shown} on dielectric material 250 and exposing this
10 photoresist material to light. A mask (not shown} may be used to expose selected
areas of the photoresist material, which defines areas to be removed, i.e., etched.
The etch may be a chemical etch, which may be referred to as a w;.-t etch. Or, the
etch may be an electrolytic or plasma (ion bombardment) etch, which may be
referred to as a dry etch. If opening 255 is formed using photolithographic
15 techniques, the diameter or width of opening 255 may be at least one feature size.
FIG. 3 illustrates the structure of F IG. 2 after the conformal introduction of a
dielectric material 260. Dielectric material 260 may be formed over dielectric material
250, along sidewalls 256, and on a portion of dielectric material 240. Suitable materials
for dielectric material 260 may include silicon dioxide, silicon nitride, or polysilicon,
20 afthough the scope of the present invention is not limited in this respect.

Dielectric material 260 may have a smaller thickness compared to dielectric

material 2__50‘. By way of example, dielectric material 260 may have a thickness




;.15 After dielectric material 260 is formed, portions of materials 230, 240
and 260 may be renoved using, e.g., an etch process. FIG 4 illustrates
the structure of FIG 3 after the patterning of materials 230, 240, and
260. Turning to FIG 4, in one enbodinment, a dry etch such as, for

exanpl e, an anisotropic etch may be wused to renove portions of materials
230, 240 and 260, thereby form ng 20 el ectrodes 130 and 140 from conductive
.material 230 and formng insulators 160 and 170 fromdielectric materi al
240. In one enbodi nent, electrodes 130 and 140 nmay be separated from each
ot her by a sub-lithographic distance and insulators 9 I 160 and 170 may be

separated fromeach other b -l ithographjc distance. The process of
For i ng. G 1E0RQGPUDANE S FeRLeIoR SErRY S PG I Posp SDErEIrd 11/ Beet At eq
with reference to FIGS. 2-4 may al so be referred to as a sub-Ilithographic
et ch. Di éaterer §ize,naltherughl the2§®penol @Opreaynbmveation édnaf timitedhia thi mat i on
of 5 electrodes 130 and 140, although the scope of the present invention is

not |im tRdect. NAhthay HRSAKFEciatdl, IRE iSFEAGLEENbT dRid&fic ERABIADL & reduces |

el ectrodes 130 and 140 and insulators 160 and 170, a phase change materi al

may be dj spese en,.electrqgdes 130 and 140. an etween j nsul ators 160
T 170" 4RI RoR B aRAG A Rineller Sadhipg, £ cReninS 265 STHAEE ENBSH AR
nore_sidewal | spacers may be used to reduce the amount of phase change
mat ePi al diplectniemasedalt 2@ded he3widthdf lop@ninm 266xiangs sethanhthe widtbkefesgerihgt he
phase change material in-the z-direction (orthogonal to the XY perspective

shown i 268, Gnd.mly bRY sima-nm@gmiéwaﬂﬁpmwﬁomn% & gleraldic pRAeRRIS26@T | OF
to the deposition of the phase change material. FIGS. 5-10 nay be used to 5

!S%g*ga; Ir fét@n@@ia%mgi f@@ﬁné\?ﬁefr%rr}e%altoi ngsﬁ%rvrvoarlyspealc%pseablalnod Z%Qﬁi'uuns, as

may be appreciated, sidewall spacers 261 and 262 may be used to form opening
265 that may have a sub-lithographic width. In one embodiment, the width of
10 opening 255 (FIG. 2) may be about one feature size, and the thickness of dielectric
..material 260 may be chosen so that the width of opening 265 (FIG. 3) is about
one-third the size of opening 255. In one embodiment, the width of opening 265
may be less than about 1000 angstroms, although the scope of the present
invention is not limited in this respect.
} M5 After dielectric material 260 is formed, portions of materials 230, 240 and
260 may be removed using, e.g., an etch' process. FIG. 4 illustrates the structure
of FIG. 3 after the patterning of materials 230, 240, and 260. Turning to FIG. 4,
.in one embodiment, a dry etch such as, for example, an anisotropic etch may be
used to remove portions of materials 230, 240 and 260, thereby forming
20  electrodes 130 and 140 from conductive material 230 and forming insulators 160
: and 170 from dielectric material 240. In one embodiment, electrodes 130 and 140
may be separated from eagh other by a sub-lithographic distance and insulators |

g
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spacers may be used to reduce the space between el ectrodes 130 and 140
prior to form ng phase change material 150 between el ectrodes 130 and 140.
FIG 5 is a cross-sectional view of nmenory el enent 110 through line 5-5 of
Figure 4. FIG 5 provides a view of nenory cell 100 that is orthogonal to
the view 20 shown in FIG 4 (i.e., an ZY perspective) during a |later state
of fabrication. In FIG 5, dielectric material 150 is illustrated. FIG 6
sillustrates the structure of FIG 5 after the form ng and patterning of a
10 dielectric material 450. In one enbodinment, dielectric material 450 may
be forned on dielectric material 150 using a CVD process. Suitable
naterials]qfd)rﬂ&iyectric material 450 may include silicon dioxide or a |low
K di el ect1'¢3diled may he sersugted fremseagfeotferthyea spbeisiesdrapRieditiaiiel S not
limted in this respect. Dielectric material 450 may have a 5 thickness

rangi ng flherprabess oﬁﬁz@ﬁniaggﬁiwb){iﬁadg@a;ﬂh_@‘dﬁméﬁggn%ﬁﬁgﬂ%aﬂﬁ;}zﬂ%ﬁgh the

scope of the present invention is not limted int respe openi ng

455 . z hétrated Wigyal forned, by, etching dielectric materi al
450 using an g%?rsli sotrgg'i%gég%rﬁgﬁcsﬁi Ay ﬁ&%%%“#ﬁvegéoé‘svﬁ’ gubrlithogreghinh,
al t hougheﬁtc:,]'e fﬁi‘?e_ .of the present inventionis not limted in this

respect . 'oé FHgc 1asterialst 46 Gamdudb @ gnan bpmemolved edgrr apbiformeadbniogues,
the wi dth of opening 455 may be at |east one feature size. FIG 7 is a top

vi ewdof PEREBPYeR(I@feand 140, althbbgh Shageopd o BRShASIEM Snvdritldtsi' NUSIARE
6. As is seenin FIG 7, portions of diel ectricbmat eria\f igfﬁa@tqgghgd
renoved iduhisvgsphbet.et ch operation to form opening 455 so that portions of
15 dielectric materials 150, 160, an 170 may be exposed. FIG 8 illustrates

he r r f Fl fter.th nformal intr i on of
tthg structurg§,Qfe érﬁbogn?er;[t,eaftter ?orCrr?ingoofngectlroc&eso“clig(c)te:n% 120 a?}d insulators

160 and 170, a phase change material may be disposed between electrodes 130
and 140 and between insulators 160 and 170 as is illustrated in FIG. 1. Or, in an
10 alternate embodiment, more sidewall.spacers may be used to reduce the amount of
phase change material between electrodes 130 and 140. For example, the
thickness of the phase change material in the z-direction {orthogonal to the XY
perspective shown in FIG. 1-4) may be reduced by disposing more sidewall spacers
prior to the deposition of the phase change material. FIGS. 5-10 may be used to
o 5  illustrate an embodiment for fabricating memory element 110, wherein sidewall
spacers may be used to reduce the Spac;a between electrodes 130 and 146 prior to
forming phase change material 150 between electrodes 130 and 140.
FIG. 5 is a cross-sectional view of memory element 110 through line 5-5 of
Figure 4. FIG. 5 provides a view of memor\l/ cell T00 that is orthogonal to the view
20 shownin FIG. 4 (i.e., an ZY perspecti.ve) during a later state of fabrication. In FIG.

- b, dielectric material 150 is illustrated.

- FIG. 6 illustrates the structure of FIG. 5 after the forming and patterning of a

10




dielectric material 460. Dielectric material 460 may be fornmed over
dielectric material 450 and along sidewalls 456. Suitable materials for
dielectric material 460 may include silicon dioxide, silicon nitride, or
low K dielectri-c material, although the scope of the 20 present invention _
is,not limted in this respect. Dielectric material 460 may have a smaller

t hi ckness conpared to dielectric material 450. By way of exanple,
-dielectric rmaterial 460 may have a thickness ranging from about one-sixth
of a feature size to 11 about one-third of a feature size, although the
scope of the present inventionis nof Jlimted in this respect. An opening
465 may be..f ar.ned ,using. dielectri aterial 460. The width of opening 465
may be a SRIBTE FRIGHAH (RioRaembadmssit dielestrismaterial 460 may befamiesi omso
al ong sidewal ls 456 may be referred to as sidewall spacers 5 461 and 462.

I n one efisdentrie matetdle 50 witihg afC\AD emoowss4 BuiableGnaria@ioriielab@idtmaters!
feature size, and the thickness of dielectric material 460 nay be chosen so

t hat t haspingdhi ¥ i I i - 1R t i
bpani ng 4oa ey ineludenmiiondiidige oF sifwH diceiohiyanf id e ShEF oflne
ss t han, about 1000

bet ween sj I cers 461, and ,462, may be | e .

anst r or né}.e%%g?!&'ﬁ aﬁ&ﬁ lserl’cgj "e? Rghis " ?%We‘ﬁﬁdg’ﬁgcmﬁ materiah AePevay havendt er i al
460 may be patterned using an etch process. FIG 9 illustrates the

st ru® urBigkngsscangings frem abhat POO @engistrgnes todated ec3000 amgaonsl, Adugh
Turning to FIG 9, in one enbodinent, a dry etch such as, for exanple, an

ani sot r opieCsipehofmie PesUsemveatibAnimdt i Eng -
sub-1ithographic w dtlﬁ‘%.S I n one lerrt;odi Mﬁ?%pﬂéﬁv% g{}ﬁ)é%? ﬁ%e%%%mﬁgélsnsay

e e R SR AR BB B AL AR Bl B o
el ement 110 at the stage of manufacture
anisotropic dry etchi. Opening 455 may be a via or a trench, although the scope of
the preéent invention is not limited in this respect. If opening 455 is formed using
10  photolithographic techniques, the width of opening 455 may be at least one feature
‘size.

FIG. 7 is a top view of memory element 110 at the stage of manufacture
ilustrated in FIG. 6. As is seen in FIG. 7, portions of dielectric material 460 may
be removed during the etch operation to form opening 455 so that portions of

- 15 dielectric materials 150, 160, an 170 may be exposed.

FIG. 8 illustrates the structure of Fié. 6 after the conformal introduction of a
dielectric material 460. Dielectric material 460 may be formed over 'dielectric material
450 and along sidewalls 456. Suitable materials for dielectric material 460 may include

~ silicon dioxide, silicon nitride, or low K dielectric material, although the scope of the
20 present invention is not limited in this respect. Dielectric material 460 may have a
smaller thickness compared to dielectric material 450. By way of example, dielectric

material 460 may have a thickness ranging from about one-sixth of a feature size to

11




illustrated in FIG 9. As is seen in FIG 10, portions of dielectric
material 460 may be renoved during the etch operation to formtrench 475
so that portions of 20 dielectric nmaterials 150, 160, and 170 may be
exposed. I n one enbodinment, after formng trench 475, phase change
material 120 may be forned between sidewall spacers 461 and 462, between
el ectrodes 130 and 140, and between insulators 12 160 and 170. FIG 11 is
.a top view of the structure of FIG 10 at a |later stage of fabrication.
FIG 11 illustrates nenory elenment 110 after the deposition of phase
change material 120 in opening 475, between sidewall spacers 461 and 462, 5
bet ween el ectrodes 130 and 140, and between insulators 160 and 170. As may
be appr ec?%ﬁ‘-@cﬂ”eﬂ@”ﬁg‘)fa@ featyse sigreabbbugh thogeamhdt tipr pomest irkedtion is n ot
sidewal | spacers, to formnenory el enent 110 nay reduce the anmount of space

bet ween elireited odeds 1adpeand AfQpanighrsHResy 'b@?faﬂrﬁé@b%inﬂg%n%egécyr%%ﬁﬂﬁget’y

reduci ng the anmount of phase change naterial between el’ectro

140. 10 e [ it o reace tq FIGCS 2-4, the space t ween

el ectr odgﬁaqﬁ%&n\gﬁqq% Ser ege gﬁi@%%&@%ﬁ&qr Qpﬂ'ﬁa‘ﬁ‘/ﬂﬁ‘@' fgﬁm%rgs taf
sub- | ithgaqrfa hic in the x- direction. In addition, as described with

r ef er encd™t BCiHCERAtEsa] §6Q plang fidewalle tabanaribeoefodet td 36 sitevdliSpacerishe
z-direction nmay al so be sub-1lithographic. Referring back to FIG 1,

i nsult ordf T180d 46@. Lnommprioakinget, eheokidis & obenail485 (FIESr GBnaly I 266

I nsul ators 130 and 140 nmay assist in limting the ohmc contact area

bet ween phaseathareR, %B%bf@é‘f‘?sﬁﬁf ﬁls&}ircf}ﬂg%r?a?ﬁg@g%aﬁ% %r]';o”s&ntesrc‘cfpa&é

enbodi ment illustrated in F a surface or et

130 1s TRELAGH 8o 5eRRG e b, R SRS TR St Shee Hopenme 435 Bor
example, the width of opening 465, i.e., the distance between sidewall spacers
461 and 462, may be less than about 1000 anstroms.

10 After dielectric material 460 is formed, dielectric material 460 may be
patterned using an etch process. FIG. 9 illustrates the structure of FIG. 8 after the
patterning of dielectric material 460, Turning to FIG. 9, in one embodiment, a dry
etch such as, for example, an anisotropic etch may be used to form a trench 475
having a sub-lithographic width . In one embodiment, the width of trench 475 may

3 1 5  be less than about 1000 angstroms, although the scope of the present invention is
not limited in this respect..

FIG. 10 is a top view of memory element 1.10 at the stage of manufacture
illustrated in FIG. 9. As is seen in FIG. 10, portions of dielectric material 460 may
be removed during the etch operation to form trench 475 so that portions of

: 20 .dielectric materiais 150, 160, and 170 may be exposed. In one embodiment, after

- forming trench 475, phase change material 120 may be formed between sidewall

~spacers 461 and 462, between electrodes 130 and 140, and between insulators

12




edge 141 of electrode 140 is contacting phase change material 120. Al so
shown 20 in FIG 1, edge 161 of insulator 160 may be continuous and aligned
to edge 131 of electrode 130 and edge 171 of insulator 170 may be -
continuous and aligned to edge 141. 13 Al though nenory elenment 110 is
illustrated with insulators 160 and 170, this is not alimtation of the .
present invention. In alternate enbodi nents, nenory elenment 110 may be
«formed wi thout insulators 160 and 170. As di scussed above, in one
enbodi ment, the same etching operation may be used to formb5 insulators 160
and 170 and el ectrodes 130 and 140. In another enbodi nent, separate

may be used to forminsulators 160 and 170 and

etching o i
el ectrodeﬁs)gqgg'dgﬂzo'mo. After form ng el ectrodes 130 and 140 and insul ators
160 and 170, phase change material 120 may be formed between insul ators

160 and 170, HdBwddnisel tapt viedesf 130 stribtaacdf FG, 16t @latet yiayg &f portion of
i nsul ators 160 and 170. Portions of phase change material 120 may be in

el ectri cafabfioamomi G851 PN iNstLtBOdABS, QIEnf‘én%qt‘er)inér ﬂlf@a@?&iti&ﬁ%f PR es
Imte o,

of phase change material 150 include, but are not chal"cogeni de

el enent ( it of the.cl f telluriumgermni ant | Y
(Tex&ysﬁwaﬁ%%%eékpg?oé%%@% ?Zés,%eﬁ‘?’?%ﬁ ﬁv‘far\'es%a&ﬁffeﬂgh alr}fleHgEesent

i nventi 23# s "15 not limted to just these. Alternatively, another phase
changL% SYEED elgpirastesubeQ andhA@ andbetween insutgters 166 grel §70r esi st ance,
capaci tance, etc.) may be changed through the application of energy such

as, for exanplis, maydit apgreaiated)rusth@ et léaz@loneWubeithogAigHeE ptededsng . hase
change material 120, a dielectric material 180 may be formed over phase

coonse ke B SIS AT By SR BP0
180 may between electrodes 130 and 140 and between insulators 160 and 170, thereby
reducing the amount of phase change material between electrodes 130 and 140.

10 As described with reference to FIGS. 2-4, the space between electrodes 130 and
140 where phase change material- may be formed may be sub-lithographic in the x-
direction. In addition, as described with reference to FIGS. 5-1 0, the space
between electrodes 130 and 140 in the z-direction may also be sub-lithographic.

Referring back to FIG. 1, insulators 160 and 170 may provfde electrical
:I 15 -_and/or thermal isolation. Insulators 130 and 140 may assist in limiting the ohmic
~contact area between phase change mat-erial 120 and electrodes 130 and 140. In
"_che embodiment illustrated in FIG. 1, only a surface or edge 131 of electrode 130 is
- contacting a portion of phase change material 120. In addition, only a surface or
edge 141 of electrode 140 is contacting phase change material 120. Also shown
20 inFIG. 1, edge 161 of insulator 160 may be continuous and aligﬁed to edge 131 of

electrode 130 and edge 171 of insula_tor 170 may be continuous and aligned to

edge 141.

13
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be silicon dioxide, silicon nitride, or other material. D electric materi al
180 may be referred to as an encapsul ator. 14 Programm ng of phase change
material 120 to alter the state or phase of the material my be '
acconpl i shed by applying voltage potentials to el ectrodes 130 and 140. For
exanple, a voltage potential difference of |ess than about five volts may
be applied across the phase change material 120 by appl ying about five
-volts to 5 el ectrode 140 and about zero volts to electrode 130. A current
may flow through the phase change naterial in response to the applied

vol tage potentials, and may result in heating of phase change material 120
state or

and el ectrodes Iil??;o nd 140. %hi S tﬁ@t.i ng may alter .the mem)ré

phase of phasd EFEeMERIY Si¢Me5b 1 19hs Witratgd wish insulatioss A6BRnH i 40.
transition phase change material 120 from 10 one state to another may be
di r ect | y Ppisopdratiabraitationtdfehdipsesendanentieren n eltectatedashokiteany mdMory
Accordi ngly, decreasing the distance between el ectrodes 130 and 140 may

al so_decrebanent NeOVaky BecfopPeaitAbs MRERRE:S P6b HRAST 10 0NABRASS sschange
material 120 from one nenory state to another nenory state. For exanpl e,

in one e ] I I stance between el ectrodes 130 and 140 is 15
appr oxi m%?g?%ﬁ?fg%be g%\"gbtsop ﬁg%ﬁt SV KRN aRefationdnay Sediad W fBbut two
volts, m ”25 applied across the portion of phase change material 120
betveen MGUEEOFHABO arsh ARPnEglectoreeld® and dAdenin anotheaembodieent,

materials. This voltage and current may be sufficient to alter the state

of phaseseparyeetmtiey opeaitions rgepdealded WRITAIRISEIaIbA! €60 TROYNl | Y
crystalline state. Reducing the voltage 20 and current used during

c{p ratioplegfronBsA0 sheAeryt 110 nay al so reduce power consunption of phase
change nmenory 100.

After forming electrodes 130 and 140 and insulators 160 and 170, phase change
material 120 may be formed between insulators 160 and 170, between electrodes 130
10 and 140, and overlying a portion of insulators 160 and 170. Portions of phase change
material 120 may be in electrical communication with portions of electrodes 130 and
140. Examples of phase change material 150 include, but are not limited to,
chalcogenide element(s) compositions of the class of tellurium-germanium-antimony

(TexGeySbz) material or GeSbTe alloys, although the scope of the present invention is

RNy

15 notlimited to just these. Alternatively, another phase change material may be used
whose electrical properties (e.g. resistance., capacitance, etc.) may be changed through
the applicatio.n of energy such as, for example, light, heat, or electrical current.

After forming phase change material 120, a dielectric material 180 may be
formed over phase change material 120 and insulators 160 and 170. Although the

20  scope of the present invention is not limited in this respect, dielectric material 180 may
be silicon di_oxide, silicon nitride, or other material_. Dielectric material _180 may be

referred to as an encapsulator.
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As di scussed above, insulators 160 and 170 may Iimt the contact area 15
bet ween phase change material 120 and el ectrodes 130 and 140. By limting
the contact area between phase change material 120 and el ectrodes 130 and
140, this reduces the volune of phase change material 120 that is subject
to programmng - In other words, the region of programmng to store
information, i.e., the region of 5 phase change material 120 subject to
-state or phase transitions in response to applied voltage potentials, is
confined to a portion of phase change material 120 7 which is |ess than the
total volunme. Wthout insulators 160 and 170, the contact area between
phase change ?ﬁéerial.lzo d el ectrodes 130 and 140 is increased. This
may i ncrease IEZYNEIY oF PRFtyFRRRAs@atelial H g altac thansiate be phase of the
vol tage/ current needed to program phase change material 120. The region of
pr ogr anmifiRfenalymisy Heiaetmmplishedt byl applyiregiucltage pbreraibutd clebtroabaischarge
mat eri al between el ectrodes 130 and 140 in both the x-direction and

z- di r ect i1e®, UBbMExSHB! iat\hﬂﬂ{g%%t%nﬁ%ﬁ'i‘?fe‘ﬂﬁﬁcﬁeggﬂrcﬁg%%ﬁgﬁ%‘Bgu?lﬂ%ﬁrggts Y

Accordingly, a smaller portion of phase c erral” s su

pr ogr amn i 15 decrease the a t of voltage/current needed to
progr amﬁgi?gyygﬁé%@nmeew%e cﬁw'e @Pﬁrgﬁ%%bmém’%ﬂ gbaubfiygyotsdomay be
used to p(?ovi e electrical and/or thernmal isolation for nenory el ement

110. 3 n g88FerAsn 4Q apd @bewtaprevolie se elamtbdeabde, A duakeat tigycflowt @roagls 150
‘and 180 nmay al so be low K dielectric materials. The 20 thickness and the

t echni qutheysieatet chdrayeeatérid 9@ rediRettol thelB et a) chag@Yp REndAL e5AF thay
depending on the desired characteristics of nmenory el'enent 110. By

g??:/'cfi:azs‘g:;h?gf hﬁ?@éy;ﬁ%e%-nﬁg%gmr&g 120 alE e odes AP ragm 4% T}nhse
heating may alter the memory state or ph_ase of phase change material 120.
The voltage potentials needed to transition phase change material 120 from
10 one state to another may be directly proportional to the distance between
electrodes 130 and 140. Accordingly, decreasing the distance between electrodes
130 and 140 may also decrease the voltage potentials needed to transition phase
change material 120 from one memory state to another memory state. For
example, in one embodiment, if the distance between electrodes 130 and 140 is
" . -.1 5 approximately 1000 angstroms, a voltage potential difference of about two volts
- may be applied across the portion of phas;e change material 120 between
ele_ctrodesi 30 and 140 te induce a current to heat these materials. This \)oltage
and current may be sufficient to alter the state of phase change mater from a
generally amorphous state to a generally crystalline state. Reducing the voltage
20  and current used during operation of memory element 110 may also reduce power
consumption of phase change memory 100.

As discussed above, insulators 160 and 170 may limit the contact area

15




16 phase change material 120 using electrical heating nmay be increased.
Menory el ement 110 may be referred to as a | ateral phase change nenory
device since current flows laterally, i.e., in a horizontal or the
x-direction. As is illustrated in FIG 1, electrodes 130 and 140 may be
formed under portions of 5 phase change material. Alternatively , sone
phase change nenories (not shown) my use nenory cells having a verti cal
+configuration, wherein electrodes are placed ~. 6 above and bel ow t he
phase change material so that electrical current flows in a vertica
direction. Although the scope of the present invention is not limted in

this resp i ane enbodi S | ect rqdes, 130 140 may .be
symet ri cﬁéxthlese ingjeha;s%aa?a&gﬁéaatoef'lagﬁ?bh@iﬁlﬁﬁv F%ﬂié afﬂ@ﬁﬁ&-tﬁ‘é “Eﬁﬂ%g the
processi ng operations, thereby decreasing the cost and conplexity of
fabri cat i fRytaEh¥ey katueentphese changetmaideisl 120 amileled¢toden ) 3becardb 48| tieds
prior to depositing phase change material 120, and therefore, el ectrodes

130 and IéBucmyttievpluapasephade dhohR mbesma ratoHes id SuBREP %@odér%_rﬁrhﬁ\g_ ]
tenperatures used to prepare phase change material 120.  In addition, 7in

t he enbodj geRdr &/ tgated. | . arelatively |arge portion of phase

change materi al fg%gnt@s rgglogﬂor{%rﬁaaér{]nwg/g ?ﬂ%‘frgt'gfosr%g’”a"ﬁel i"7813 Shal |

portion f el ectrodes 130§nd 140 may contact phase change material 120.

Accordi n ?‘ﬁ,se ChABIE Mater'al b29 isubiact e sdatenorpimseltransitipas (N resipenae to

relatively | ow power nmenory 20 elenent. Also, if electrodes 130 and 140 are

symret r i @ppliedivektage peterttiads ds cehtined adespomipnconplidseudtearg@uabtariat q 2iche

heating of phase change material 120 during progranm ng, which may

ingr ease vitieh & fels§itARR XhaMGtal Sbivdhe. | WitRfut TREMLY¥rs 160 and 170, the contact
area between phase change material 120 and electrodes 130 and 140 is increase d.
This may increase the region of programming, which may increase the

10 voltage/current needed to program phase change material 120.

The region of programming may be further limited by reducing the amount of
phase change material between electrodes 130 and 140 in both the x-direction and
z-direction using sub-lithographic techniques as discussed above. Accordingly, a
smaller portion of phase change material is subject to programming, which may

715 decrease the amount of voltage/current needed to program phase change material

120,

Dielectric materials 150 and 180 may be used to provide electrical and/or

thermal isolation for memory element 110. In addition to the examples described
above, dielectric materials 150 and 180 may also be low K dielectric materials. The

20  thickness and the technique used to formed these dielectric materials may be selected .
depending on the desired characteristics of memory element 110. By providing this

- insulation and confining the region of programming, the efficiency for programming
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17 elenment 110. Turning to FIG 12, another enbodi ment of nenory el enent
110 is illustrated. In this enbodi nent, insulator 160 and el ectrode 130
may be renoved (e.g., etched) or patterned so that an edge 161 of

I nsul ator 160 is bevel ed and an edge 5 131 of electrode 130 is bevel ed, and
wherein edge 161 of insulator 160 and edge 131 of electrode 130 are

copl anar and contiguous. In other words, edges 131 and 161 are angled with
‘respect to dielectric material 150. In addition, insulator 170 and

el ectrode 140 may be patterned so that an edge 171 of insulator 170 is
bevel ed and an edge of electrode 140 is bevel ed, and wherein edge 171 of

i nsul at or el ectrode 140 are copl anar, and conti guous.
For m ng e?h]ea(%'(tg r%%ggsgﬁeéﬁﬁ%ﬁ&lﬁg&\eq%rmﬂﬂgg@qg "?é&%ﬁ&@?@di n this fashion
may i nprove the contact between phase change material 120 and el ectrodes
130 and 140. Temiongetepnentd 1A Baahetrsterrednoosl adateralfphesewhangkenembryl0
is illustrated. In this enbodinent, insulator 160 and el ectrode 130 may be

pat t er neddevice {ifcd curreht Aotls BterbiMdti £d4ea Hptizghtdis4hatQy; |.SAs i
nonconti guous and not aligned to Q%ge 131aof g‘l ectroge 1301.rér'gg)rd'e§\gr'rsf)l e,

the etch; i e r,m i.nsul at gr. 160 and el ectrode 130 may be
modi 11 o0 T tated i EHE) g‘t %‘%C;fgﬂe? IR i e men e &HE{WC’ WA RISHRNS 8D I
addition, insulator 170 may be etched further than el ectrode 140 so that
edge 271 PGPSE EaNGS Hratenial. | Altamasivaly gseme pivserdangei memdries (eagshawt) of
20 el ectrode 140. Form ng el ectrodes 130 and 140 and insulators 160 and 170
in this ni@sbsomemyryi cglsdvavitde weotitadoriRiuneion, PRABR:IS RRRED I8 RE ibhlc 440
qnq el ectrodes 130 and 140. 18
e above and below the phase change material so that electrical current flows in a
vertical direction.
Although the scope of the present invention is not limited in this respect, in
10  some embodiments, electrodes 130 and 140 may be symmetric in size and forme d
from-the same material using the same processing operations, thereby decreasing
the cost and complexity of fabricating memory element 110. Electrodes 130 and
140 may be deposited prior to depositing phase change material 120, and
therefore, electrodes 130 and 140 may be prepared at higher temperatures
15 compared to the temperatures used to prepare phase change material 120. In
addition, in the embodiment illustrated in FIG. 1, a relatively large portion of phase
change material 120 may be surrounded by insulators and a relatively small portion
of electrodes 130 and 140 may contact phase change material 120. Accordingly,
the structure illustrated in FIG. 1 may result in a relatively low power memory
20 element. Also, if electrodes 130 and 140 are symmetric in size, then these

_ electrodes may contribute equally to the heating of phase change material 120

| during programming, which may increase the efficiency and reliability of memory
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Turning to FIG 14, an enbodi nent of phase change nenory 100 is
illustrated. Phase change nenory 100 includes nenory el enents 110. Phase
change nmenory 100 may al so include additional structures such as sw tching

or select devices (e.g., transistors or diodes), isolation structures, and
address lines. 5 In the enbodinment illustrated in FIG 14, phase change
menory 100 conprises a substrate 600 that may be fornmed froma

‘sem conductor material. In this enbodinent, a P-type dopant such as, for

exanpl e, boron may be introduced in substrate 600. In one exanple, although
t he scope of the present invention is not limted in this respect, a

sui tabl e g@ﬁ@ﬁpqﬁﬁ;ion of P-type dopant is on the order of above about
5x1018 t o abou [0 1x1020 atons per cubic centineters (atons/cnB),
rendering substrate 600 representatively P++. Overlying substrate 600, in
this exanpl e, MHHPINGStPEIG:pE2,cqnathsi emnmbodirhenbaf 2norlyreleneneiagpse, the
dopant concentration is on the order of about 1015 to 1017 atons/cnB.

Ph hafi dorly thizOe i [ ' [ I
°2 hetomrme iy o, (a6 sk iRt LA Y ),

15 structures 630 fornmed in epitaxial
associ at ST TEied) FHAMERHE THE o TR St RO RY S ey e Smadae
i oxiHie, N SlFAYORReI LB HEVBID: Aed wheseodge,tat obinsialordis0 Andwdge13 1
this respect. 20 Phase change nenory 100 may further include sel ect devices
640 t hat ofraigcisede jaPtarefcoptamandnd esatigidusii lhotheSRbRREL eQ?é!é 485 aR4Q agé’ré)e
%Mg nptaI-OX|dg_ senlcondqctor‘flelq ef f ect tr§h5|stors MOSFETS) . e
transi st angleBwithn@speet tbielectric material 150, In addition, insulator 170 and electrode
140 may be patterned so that an edge 171 of insulator 170 is beveled and an edge of
electrode 140 is beveled, and wherein edge 171 of insulator 170 and edge 141 of
10 electrode 140 are coplanar and contiguous. Forming electrodes 130 and 140 and
insulators 160 and 170 in this fashion may improve the contact between phase change
* material 120 and electrodes 130 and 140.
Turnihg to FIG. 13, another embodiment of memory efement 110 is
illustrated. In this embodiment, insufator 160 and electrode 130 may be patterned
158 (e.g., etched) so that edge 161 of insulator 160 is noncontiguous and not aligned to
~ edge 131 of electrode 130. For example, t'lnxe etch operation used to form insulator 160 _
."and electrode 130 may be modified so that insulator 130 is etched further than
electrode 130. [n addition, insulator 170 may be etched further than electrode 140 so
that edge 171 of insulator 170 is noncontiguous and not aligned to edge 141 of
20  electrode 140. Forming electrodes 130 and 140 and insulators 160 and 170 in this

fashion may improve the contact between phase change material 120 and electrodes

130 and 140,
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I.s regions 651 and 652, conductive materials 653 and 654, and a gate 655.
The. other transistor nmay include a regions 652 and 656, conductive
materials 654 an d 658, and a gate 659. Regions 651, 652, and 656 may be
N-type doped polysilicon formed by the 5 introduction of, for exanple,
phosphorous or arsenic to a concentration on the order of about 1018 to

about 1020 atons/cnB (e.g., N + silicon), although the scope of the
‘present invention is not limted in this respect. Conductive nmaterials 653,

654, and 658 may be, in one exanple, a refractory netal silicide such as
cobalt silicide (CoSi2). Conductive materials 653 654, and 658, in one

aspect, may s l,0 ter |nthefa cation of
pefl pher al yC| ?E%ﬁ@toaf:!éo 4 waéﬁziéﬁrﬁgﬁ‘e%%ﬁ g6fMemenc é‘élﬁ @“%’faft%t ure
on the ch%%q%nduct ors - 652 and 654 together serve as the wordline row

l eg. Row 4i198 megjory d8P dncludss mamosk elenters 196t Rimsecdmngéinemynbe
formed, in one exanple, froma polysilicon material. In this exanple,

gates 6551QheragsdsanmylUte additomaestrtctuass suthaPswitcHiag ot bé‘l%cf)ﬂe\%bsé‘(‘é‘.j%ess
line. Gates 655 and 659 may al so be referred to as a colum [ine (e.q!,

colum [ iy f r (e t er. aI 660 such as, for
" ! ml&é{éﬁdt&d%ﬁ %0%1%{‘ sﬁ‘ugfugésegndgaangg %and 659. Conduct Ive

exanpl e, Si02, may surroun

contagts 670, 5 and .680 d froma conductive material such
as, for exarrpllrgZ W&ijgﬂe"%@gim &-dfarbase ABFNGR MENANY 199 admprises a
connect transistor 850 to electrode material 860 in FIG 15. Contact 680

and 690 SHhs§trafe G00thab Meydee toamptyrdn aeseddCoridudidiGnatdrial Cnghis é@boSiRte iRy
be f ormed from a conductive material, such as, for exanple, alum num 20
e a P-type dopant such as, for example, boron may be introduced in substrate 600.
one example, although the scope of the present invention is not limited in this respect, a
suitable concentration of P-type dopant is on the order of above about 5x10™ to about
10 1x10% atoms per cubic centimeters (atoms/cm?®), rendering substrate 600
representatively P++. Overlying substrate 600, in this example, may be P-type epitaxial
silicon 620. In one example, the dopant concentration is on the order of about 10 to
10" atoms/cm?.
Phase change memory 100 may also include shallow trench isolation (STH
16 structures 630 formed in epitaxial silicon 620. STl structures 630 may serve to isolate
individual memory elements from one anofher as well as associated circuit elements
| (e.g., transistor devices) formed in and on the substrate. In one embodiment, STI
structure 630 may be silicon dioxide, although the scope of the present invention is not
limited in this respect.
20 Phase change memory 100 may further include select devices 640 that may be
part of the address circuitry. Select devices 640 may be two metal-oxide

semiconductor field effect transistors (MOSFETs). One transistor may include
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It should be noted that the order or sequence of the operations described
above to formnenory 100 is not a limtation of the present invention. FIG
15 is a schematic diagram of an enbodi ment of a nmenory array 800. Menory
array 800 may include a plurality of phase change nenory el ements 810 that
5 rmay be forned as nenory el ement 110 descri bed above. In this exanple, the
circuit of nenory array 800 includes address |lines 815, 820, and 830 t hat
"may be used to programor read nenory el enments 810. Address |ines 815, 820,
and 830 may be coupled, in one enbodinment, to external addressing
circuitry (not shown). Menory elenents 810 may conprise a MOSFET 850, a

resi stor @GRNs@BEN anPlesse C@Iﬁaﬂgﬁvé%éfﬁﬁﬂ@@é3 8R08-654 HL 'S gta?e B55. #he @

portion of a system 900 in accordance w th an enbodi ment t he present

I d h
T O O LY, PR A Bk e e S S

conput er ggﬂt h wreless capability, a web tablet, a wireless tel ephone, a
pager, arPAhandm gate #89sagi ng device, a digital nusic player, a digital
canera, or other devices that may be adapted to transmt and/or receive

i nformati on wRegloesB51, &y3! and 866 may HaRliyde dbpedMditilicsn $diPn '
i nput/output (1/0 device 920 (e.g. ay keyptgg |p‘séprﬁay? IIa rIrermr%/(ngéthe

I I t bus ,950. houl d b
ot eq ¢ ﬁﬁf‘f‘%@f‘?@iﬁi“’éﬁ%ﬁﬂ'@ Bkt REE i asfEnit B Comimetanongie T © 0
nponents. Control|ler 910 nmay

compri SO Ea R EpapI2 Shabet R cataney/opy dedacts siisoni  aitoughdhascope
prQcessors, .m crocont roI I er s, or the like. Menory 930 nay be used to store
giiggz 3 agfetﬁetnfmrm\temion@s oot Ibyitexy b thiv @8PectVe0OAYUSBE MRiteRAIs GFWEmAl |y
and 658 may be, in one exampIe, a refractory metal silicide such as cobalt silicide
(CoSi,}. Conductive materials 653, 654, and 658, in one aspect, may serve as a
10  low resistance material in the fabrication of peripheral circuitry (e.g., addressing
circuitry) of the circui;t structure on the chip. Conductors 652 and 654 together
serve as the wordline row (eg. Row 820 in FIG. 15).
Gates 655 and 659 of select devices 640 may be formed, in one example,
from a polysilicon material. In this example, gates. 655 and 659 may be referred to as
15 3 signal line or an address line. Gates 655 and 659 may also be referred to as a
column line (e.g., column lines 815 of FigLIre 15).
A dielectric material 660 such as, for example, SiO2, may be formed surrounding
: gates_ 655 and 659. Conductive contacts 670, 675, and 680 may be formed from a |
conductive material shch as, for example, tungsten. Contacts 670 and 675 may be
- 20 lines that connect transistor 850 to electrode material 860 in FIG. 15. Contact 680 and

690 may be the voltage supply line 830 in FIG. 15. Conductor 690 may be formed from

a conductive material, such as, for example, aluminum.
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t-o store instructions that are executed by controller 910 during the
operation of system 900, and may be used to store user data. Menory 930
may be provided by one or nore different types of nmenory. For exanple,
menory 930 nmay conprise a volatile 5 nmenory (any type of random access
menory), a non-volatile nmenory such as a flash nenory and/ or a phase
change nenory such as, for exanple, phase change nenory 100 illustrated in
"FIGS. 1, 12, 13, or 14. 1/0O device 920 nay be used by a user to generate a
nmessage. System 900 may use wireless interface 940 to transmt and receive
nmessages to and froma w reless 10 conmuni cation network with a radio
frequency (RF)tsh I ! e Lnterface 940.may i ncl ude an
antenna or a W ref&g‘gsbe"t rﬁgfr?sagdgﬁ%ﬁé Oﬁ‘{rﬁd({u%%ufahgé &t&ﬁg O(E’Fratfcﬁbsy%‘?%'@ﬁa

i nventi Onatjo%eq()tf limted i ﬁ(ﬁ:l s respect. Although the scope of the present
i nvention” 18 cnot Ol MiERWTY ISshated; Haiationyadt s presentrimyentienone of the
follow ng communi cation air interface protocols to transmt and 15 receive
messages: Cod&18i V9 & aschemaliptiagrarned sin(«eib&imene bf &lemoadhpaebephone
comuni cati on systens, d obal System for Mbile Comruni cations (GSM

cel I ul ar Memdwrﬁﬁm@mysuéme%pf&&mfﬁsﬁkgﬁ%@%é%rﬁ%h@ﬁ q.g‘{\,‘ﬁ,%c%

cel l ul ar radiotel ephone "systens, Ti tiple

t , = = |l I adi ot el eph t , third
aencrat] o BT Re A mefabe Ym0 RerheS sBorechiys ccbmmieabirosiad ofne

like. Wiile certain features of the invention have been illustrated and
descri be "SRy &Ry §Rbhinciwges mddeassdines &b 8201 and 888 thatranyes, usetddo
eqyi valents will now occur to 22 those skilled in the art. It is,

A it bR R R R S T S
coupled, in one embodiment, to external addressing circuitry (not shown). Memory
elements 810 may comprise a MOSFET 850, a resistpr 860, and a phase change

10  material 870.
Turning to FIG. 16, a portion of a system 900 in accordance with an embodiment
~of the present invention is described. System 900 may be used in wireless devices

such as, for example, a personal digital assistant (PDA), a laptop or portable computer

with wire!ess capability, a web tablet, a wireless telephone, a pager, an instant

e

L 15 messaging device, a digital music player, a digital camera, or other devices that may be
adapted to transmit and/or receive Informat-k)n wirelessly.
Syétem 900 may include a controller 910, an input/output (I/0) device 920 (e.g. a
xeypad, display), a memory 930, and a wireless interface 840 coupled to each other via
a bus 950. It should be noted that the scope of the present invention is not limited to
20 embodiments having any or all of these components.
Controller 910 may comprise, for example, one or more microprocessors, digital

signal processors, microcontrollers, or the like. Memory 930 may be used to store
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L.nvention. 23 fi Cainms: 1. A method, conprising: formng a conductor

mat eri al over a substrate; 5 renoving a portion of the conductor materi al

to formtwo el ectrodes fromthe conductor naterial, wherein the two

el ectrodes are separated by a sub-lithographic distance; and formng a
phase change material between the two el ectrodes. 10 2. The nethod of claim
1, wherein renoving includes etching the conductor material to formthe
“two el ectrodes. 3. The nmethod of claim1, further conprising formng a
first dielectric material between the phase change material and a first

el ectrode of the two el ectrodes, 15 wherein the first el ectrode contacts

t he phase ! 4 e et claim3, further_ conprising
renovi ng g@égr$ | o%ﬁ'?%ét? |6F Q{gy%em Q@(?r %”?Fﬁ't’@g]pdpahﬁlfot%mﬂaﬂkbe usecd
el ectrode that the first dielectric material includes an edge that is

S
bevel ed af?osq‘f"??emﬁfwf‘épna|ﬂé%ttar@@e<enuf@|dm9@ommuedgw tbang itise bpwettied ,of%?ﬁem
wherein 20 the edge of the first dielectric material and the edge of the

first el e8dl cue magbe apbdnastord usEhataEMIOMoRf 950 ﬁia{p %aef%d%ﬁ%éﬂgg“ si ng

removing a portion of the first dielectric rmateria _ edgée and the
i or i al 1o e s RN de B IR ot o0 iy cermprissagole
o8 Ofmgh3 ety 1y S8 Bbcess Wemary) & Ron-volatie memery such as a flash
memory and/or a phase change memory such as, for example, phase change memory
(. 100 illustrated in FIGS. 1, 12, 13, or 14.
I/O device 920 may be used by a user to generate a message. System 900 may
use wireless interface 940 to transmit and receive messages to and from a wireless
10 communication network with a radio frequency (RF) signal. Examples of wireless
interface 940 may include an antenna or a wii-'e-less transceiver, although the scope of
the present invention is not limited in this respect.
Although the scobe of the present invention is not limited in this respect, systemn
| 900 may use one of the following communication air interface protocols to transmit and
| -}15 .re_ceive messages: Code Division Multiple Access (CDMA), celiular radiotelephone
~ communication systems, Global System fo‘r Mobile Communicatiohs (GSM) celiular
radiote!éphone systems, North American Digital Cellular (NADC) cellular radiotelephone
systems, Time Division Multiple Access (TDMA) systems, Extended-TDMA (E-TDMA)
cellular radiotelephone systems, third generation (3G) systems like Wide-band CDMA
20 (WCDMA}, CDMA-2000, and the like.

While certain features of the invention have been illustrated and described

- herein, many modifications, substitutions, changes, and equivalents will now occur to
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material over the first dielectric material, and renoving a portion of the
second dielectric material to forma first opening having a sidewall to
expose a portion of the first dielectric material. 30 7. The method of
claim6, further conprising: 24 disposing a third dielectric materical in
the first opening and along the sidewall to forma second opening, wherein
t he second opening has a sub-lithographic width. 8. The nethod of claim§6,
*further conprising: 5 disposing a third dielectric material in the first
opening and along the sidewall of the first opening to formtwo sidewal |
spacers, wherein the two spacers are separated by a sub-1lithographic

di stance. t fii & [ S hange nmateria
i ncl udes th@se gofeﬁ thB%é—P %égdé%aﬁ%je et eﬁe£§°§§?@%¢qﬂggﬁ’8%9§sg§%é'€aﬁéa 10.
The net had of €h€|n1l fur her conprising: coupling a first electrode of
the two dlEREPQIRCOVES ] suc ﬁ’OCH lesg ainﬂrr@anaﬁa agdalpwithin the tewscepidt of the

el ectrode of the two electrodes to a second address line. 15 11. An

appar at udnvendiopri sing: a first el ectrode over a first material; a second

el ectrode separated fromthe first electrode by a sub-1ithographic

di stance, wherein the first electrode contacts the first material and the
second el ectrode 20 contacts the first material; and a phase change
mat.eri al between the first el ectrode and second el ectrode.
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12. The apparatus of claim1l, wherein the first material is a dielectric
material. 25 13. The apparatus of claim 11, wherein the phase change
material contacts the first material. 14. The apparatus of claim 11,
wherein the phase change material is a 30 chal cogenide material. 25 15.
The apparatus of claim 11, wherein the sub-Ilithographic distance is |ess

t han about 1000 Angstrons. 16. The apparatus of claim 11, wherein a voltage
potential difference of less 5 than about five volts is applied across the
phase chagpéndieterial using the two electrodes to alter the state of the
phase change material. 17. The apparatus of claim 11, wherein the first

el ectrode and the second electrode are forned froma single | ayer of

conductive matgrialy Héﬁma um%kﬁmgpparatus of claim 11, further conprising a
first dielectric material between a first portion of the phase

change naterr@hmagdcamhwksmﬂﬁmmtmana@ﬂmuhe,first electrode and a second

dielecgtric material coupled e change
15 naﬁ%rlal and™ 2" ¢ A &P Bﬂfaﬁﬁogfcyﬁgme gﬁég é@%&% dmfgﬂRQHE appar at us
of cl ai mduBdusshransmal anhaeelg ehebvotehetrbdes sfe sdpohied by b euvRihegdaphic | s bevel ed
and an edge of the first electrode is beveled, and wherein the edge of the
first di®taerdd material and the edge of the first electrode are

copl anar . forming a phase change material between the two clectrodes.

10 2. The method of claim 1, wherein removing includes etching the conductor

material to form the two electrodes.

3. The method of claim 1, further comprising forming a first dielectric
material between the phase change material and a first electrode of the two electrodes,

15 wherein the first electrode contacts the phase change material.

4. The method of claim 3, further comprising removing a portion of the first
dielectric material and the first electrode so that the first dielectric material includes an
edge that is beveled and the first electrode includes an edge that is beveled, and wherein

20  the edge of the first dielectric material and the edge of the first electrode are coplanar.

5. The method of claim 3, further comprising removing a portion of the first
dielectric material having an edge and the first electrode havihg an edge so that the edge -

of the first dielectric material is noncontiguous to an edge of the first electrode.

25
6. The method of claim 3, further comprising forming a second dielectric
material over the first dielectric material, and removing a portion of the second dielectric
material to form a first opening having a sidewall to expose a portion of the first
dielectric material.
30 |

7 " The method of claim 6, further comprising:
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20 20. The apparatus of claim 11, further conprising: a first spacer
contacting a first portion of the phase change material; and a second
spacer contacting a second portion of the phase change material, wherein
the first spacer is separated fromthe second spacer by a sub-1ithographic
di stance. 25 21. The apparatus of claim 11, wherein a volunme of the phase
change material 1is between the first electrode, the second el ectrode, the
first spacer, and the second spacer. 30 22. The apparatus of claim11,

wherein the fi d8posderthirddRldcicGRatRiAeh the fidst bpéridg arddtin@ 3% diddwuand the
second el ectrode is coupled to_a second address |1 ne. 26 23. A system
conpri si ni§Tm ageeang ogeripg. wherely the pecend pprninerhes e selylihos@rkip width. processor;
and 5 a nenory coupled to the processor, said nmenory including a nenory
cell that conprises: a first electrode over a first material; a second
el ectrode sepdt at ed’hemmthadd claim 6t fugheconpdeingy a sub-1it hographic

di st , whergin the first, elect ts the first material .and the
Second ol ect r Swosing i Gedif ol f i Corkape Su 0% P AU efah g
mat eri al thefive epentdpetoffbms twoali®siall QR e ANIhEERAREIWR DBk PHE separifod bKNE System

of claim?2 ,_mher%gn_the wireless interface is a wireless transceiver.
sub-lithographic distance.

9, The method of claim 8, wherein forming a phase change material includes

10 forming the phase change material between the two spacers.

10. The method of claim 1, further comprising:
coupling a first clectrode of the two electrodes to a first address line; and coupling
a second electrode of the two clectrodes to a second address line.
15
11. An apparatus, comprising:
a first electrode over a first material;
~ asecond electrode separated from the first electrode by a sub-lithographic
distance, wherein the first electrode contacts the first material and the second electrode
20  contacts the first material; and

a phase change material between the first electrode and second electrode.

12.  The apparatus of claim 11, wherein the first material is a dielectric

material, |
25 | |
' 13.  The apparatus of claim 11, wherein the phase change material contacts the

: ﬁrst material.

14.  The apparatus of claim 11, wherein the phase change material is a

30 chalcogenide material.
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15 25. The systemof claim 23, wherein the wireless interface is an
antenna. 26. An apparatus, conprising: a first dielectric material; 20 a
first electrode over the first dielectric material, wherein the first

el ectrode includes a first surface that faces in a first direction and a
second surface that faces in a second direction opposite the first
direction and contacts the first dielectric material; a second el ectrode
over the first dielectric material and separated fromthe first el ectrode

by a sub-1|ithogy aphite agjf:.ﬁbtamﬁﬂaim(ic FhérelnhBe SBCIARGLAHECIiERLR ik Red udes a
first 25 surface that faces in the first direction and a second surface
that face®ag pbaukb0Q0AngsHoMs.r ecti on and contacts the first dielectric
material, the first surfaces are substantially coplanar and the second
surfaces are substantially coplanar; and a phase change material between
and in cont actlon t hehppaitecefiadams] 1, whereii anvoltagomitendigediffoteaet afdéssdi f f er ence

lied terial ' th | ect r.od 3 | t
o uctiur A ek G R s AP B 4B 0P ST Ror y
appl i cat i w@nlter B stafé.of THeghaRphhdk wat@al.cl ai m 26, wherein the el ectrodes are

a conductive material. 28. The apparatus of claim 26, wherein the
el ectrodes are forned froma 5 single |layer of a conductive material. 29.

The apparat us (f clﬂkqbﬁmmﬁa@m13»&}&&&&%%&1&&%?@51&9@& d&bnd he phase

change material and the second surfaces are spaced fromthe phase change
mat er i al .clectrodg@re [aived diopas singls laytr oflcandncB6e mateegrki n the first and second
surfqges are spaced fromthe phase change nateri al
18.  The apparatus of claim 11, further comprising
a first dielectric material coupled between a first portion of the phase change
material and a first portion of the first electrode; and

a second dielectric material coupled between a second portion of the phase change

15  material and a first portion of the second electrode.

19.  The apparatus of claim 18, wherein an edge of the first dielectric material
is beveled and an edge of the first electrode is beveled, and wherein the edge of the first
dielectric material and the edge of the first electrode are coplanar.

20 |
20.  The apparatus of claim 11, further comprising:
a first spacer contacting a first portion of the phase change material; and
a second spacer contacting a second portion of the phase change material, wherein
. the first spacer is separated from the sécond spacer by a sub-lithographic distance..
I
21.  The apparatus of claim 11, wherein a volume of the phase change material
is between the first electrode, the second electrode, the first spacer, and the second '

spacer.

30 22,  The apparatus of claim 11, wherein the first electrode is coupled to a first

o address line and _the_ second electrode is coupled to a second address line.
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31. The apparatus of claim 26, wherein the phase change material contacts
the first dielectric material. 15 32. The apparatus of claim 26, wherein

t he phase change material is a chalcogenide material. 33. The apparatus of
claim 26, wherein the sub-1lithographic distance is less 20 than about 1000
Angstrons. 34. The apparatus of claim 26, further conprising: a first
portion of a second dielectric material that contacts and is sandwi ched _
between the first surface of the first el ectrode and the phase change
material; and 25 a second portion of the second dielectric material that
contacts and i s sandwi ched between the first surface of the second

el ectrode and the phasbKamgesiPgit erial . 35. The apparatus of clai m 34,
wherein: the figgtesgdrectrode includes an edge that contacts the phase
change material: 30 the second el ectrode includes an edge that contacts

t he phase chamjwirdlassérterice covded forthe processéromdof t he second diel ectric

mat erial includ an edge t contacts . the 28 ase_change terial; and
t he se‘r’gond por ]?lglﬁorgfco fe:d Fsogg%%rgc%ﬁgoerr %aéq ?Helgo%p%lﬁ?%g aﬂﬁ’g}oﬂg%‘%ﬂﬁﬁt edge t hat
cont act s cdofpeisphase change material. 5 36. The apparatus of claim 35,
wherein: the edges of the first el ectrode and the first portion of the
second dielectric afHbt&iscpdenvsr @ §pt aniriahind conti guous and parallel to the

directions, and the edagsiefodd\epaaceRdmaheaist Q8B Yy hiey-epeRgHRO ti on of
t he second dielectric
distance, wherein the first electrode contacts the first material and the second electrode

10  contacts the first material; and

a phase change material between the first electrode and second electrode.

24.  The system of claim 23, wherein the wireless interface is a wircless
transcetver.
15
25.  The system of claim 23, wherein the wireless interface is an antenna.
26.  An apparatus, comprising:
a first dielectric material;
20 a first electrode over the first dielectric material, wherein the first electrode

includes a first surface that faces in a first direction and a second surface that faces in a

- second direction opposite the first direction and contacts the first dielectric material;

_ a second electrode over the first dielectric material and separated from the first
electrode by a sub-lithographic distance, wherein the second electrode includes a first
25 surface that faces in the first direction and a second surface that faces in the second
' direction and contacts the first dielectric material, the first surfaces are substantially
~ coplanar and the second surfaces are substantially coplanar; and
a phase change material between and in contact with the electrodes, wherein a

voltage potential difference applied across the phase change material using the electrodes

30  alters a structural state of the phase change material for an electronic memory application,
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material are coplanar and contiguous and parallel to the directions. 10 37.
The apparatus of claim 35, wherein: the edges of the first electrode and
the first portion of the second dielectric material are bevel ed and

copl anar and contiguous and non-parallel to the directions, and the edges
of the second el ectrode and the second portion of the second dielectric 15
mat eri al are bevel ed and copl anar and conti guous and non-parallel to the
directions. 38. The apparatus of claim 35, wherein: the edges of the first

el ectrode and the fTHeShpaiut bPaitd 26, RBeRBCRO HleliRleetlchicendudBlieri al are
non-conti guous, and 20 the edges of the second el ectrode and the second

porti on ofatHal second dielectric nmaterial are non-contiguous. 39. The
apparatus of claim 26, further conprising: a first spacer over the first
el ectrode that contacts the phase change material; and 25 a second spacer
over the seconif.el édenppmatnhaf claortashsreinhbe ghaselecrafigmeddiioara al and is

separated .fromthe first spacer. by the sub-lithographic distance. 40. The
appargiusm%$eg%@ﬁéi%ﬂgﬁhﬁﬂgggFﬁm?he first electrode is coupled to a first
address line and the second electrode is coupled to a second address |ine.

30 29 LATERAL PHASE CHANGE MEMORY AND METHOD THEREFOR Abstract Briefly, in
accor dance wi t39- an TdgBRArRanel daimIoewhergiarthe Bist suafapestcoptart thhahase change

Menory  anthafgd RABGA oh® HERBASHLERs e RRRSE (EHARIFnITE BRYe hnsiteRROVi ded.

10 30.  The apparatus of claim 26, wherein the first and second surfaces are

spaced from the phase change material.

31.  The apparatus of claim 26, wherein the phase change material contacts the
first dielectric material. |
15
32.  The apparatus of claim 26, wherein the phase change material is a

chalcogenide material.

33.  The apparatus of claim 26, wherein the sub-lithographic distance is less
20  than about 1000 Angstroms.

34,  The apparatus of claim 26, further comprising:
a first portion of a second dielectric matertal that contacts.and is sandwiched
between the first surface of the first electrode and the phase change material; and
.25 a second portion of the second dielectric material that contacts and is sandwiched

‘between the first surface of the s_ccénd electrode and the phase change material.

35,  The apparatus of claim 34, wherein:
the first electrode includes an edge that contacts the phase change material;
30 | ~ the second electrode includes an edge that contacts the phase change material;

the first portion of the second dielectric material includes an edge that contacts the

28



5 The nethod may include form ng a conductor material over a substrate and
patterning the conductor material to formtwo el ectrodes fromthe conduct or
material, wherein the two electrodes are separated by a sub-Ilithographic
di stance. The nmethod may further include form ng a phase change materi al
between the two electrodes. FIG 4 30 ii 1=,

phase change material; and

the second portion of the second dielectric material includes an edge that contacts

the phase change material.

5 36.  The apparatus of claim 35, wherein:
the edges of the first electrode and the first portion of the second dielectric
material are coplanar and contiguous and parallel to the directions, and
the edges of the second electrode and the second portion of the second dielectric
material are coplanar and contiguous and parallel to the directions.
10
37.  The apparatus of claim 35, wherein:
the edges of the first electrode and the first portion of the second dielectric
material are beveled and coplanar and contiguous and non-parallel to the directions, and
the edges of the second electrode and the second portion of the second dielectric

15 material are beveled and coplanar and contiguous and non-parallel to the directions.

38.  The apparatus of claim 35, wherein:
the edges of the first electrode and the first portion of the second dielectric

material are non-contiguous, and

20 the edges of the second electrode and the second portion of the second dielectric

- material are non-contiguous.

39.  The apparatus of claim 26, further comprising:
a first spacer over the first electrode that contacts the phase change material; and
25 . a second spacer over the second electrode that contacts the phase change material

and is separated from the first spacer by the sub-lithographic distance.

40.  The apparatus of claim 26, wherein the first electrode is coupled to a first
address line and the second electrode is coupled to a second address line. o

30
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