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 QUS hai cogeni de el enents. The
state of the. phase% Mﬁzgl%l\géé @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 orPh@.@ercnaﬁgé)nerﬂérde%érﬁﬂéﬁﬂnéééecﬂaél%é%%ﬁ%?li.lggfﬁgé&é@ézsttﬁat

;alter the phase or nenory stafe of the materi I's acconp

app! yi ng trical e hrough the,material to  heat t materj al .
Reduci ng 't e&légfelpékt%ﬁgﬁﬁﬁ{:@%&%ﬁf%@ ﬁﬁgﬁragﬁé'ﬁb)épﬁ%‘f%?'ﬂ%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 Dh&itdd Mbtéasl Ghat ity BRAWINESSapplication, electrically switched between a

T struétural state of generally 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.




The subject matter regarded as the invention is particularly pointed out
and distinctly clained in the concluding portion of the specification. The
present invention, however, both as to organi zati on and met hod of
operation, together with objects, 5 features, and advantages thereof, may
best be understood by reference to the following detailed description when
read wth 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 nent of the present invention; 10 FIG 2 is a cross-sectional view of
the nmenory of FIG 1 dur| ng fabrication in accordance with an enbodi nent
of the prgs nss-sectional view of the structure
At € en; FIG 4 is a cross-sectional

vi ew of the structure of FIG 3 at a Iater stage of 15 fabrication; FIG 5

i s a cross-sedhiecndieot ineattariretaeiestas b i ven®ibn Fé Eaﬁi@ul%r%fﬁdi’r‘rtgb dut BRd 5- 5;
FIG 6 is a cross-sectional view of the structure of FI at a Iater

st age of i strycture at
*he st agS SR ERIMORin 11e danclydif BhRB ¥ sirciiion, e piege inverton,
Cross- se%tlonal view of the structure of FIG 6 at a later stage of r
fabri cat NGWEver. potiag;to grganizationand methodnfapevatian, é@g&th@f with objegtss of FI G
8 at a later stage of

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 thtz 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;'




fabrication, FIG 10 is a top view of the structure of FIG 9 at the 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
eross-sectional view of a portion of a phase change nenory in accordance
. Wi th another enbodi ment of the present invention; FIG 13 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; 10 FIG 14 is a
cross-sectional view of a portion of a phase change nenory in accordance
wi th anot her enbodi ment of the present invention; FIG 15 is a schematic

diagramill us ting a nenory array in.accordance with an enbodi nent of
_the present iﬁ/@h‘{) f%%,crogﬁ—ée'gﬁ@a!%gwg?g]eoﬁ “rﬁic’idér/’mg’maiqtlad@‘iqrﬁa%Ofa
portion of a systemin accordance with 15 an enbodi ment of the present

i nvent i odabr&ationini 1| be appreciated that for sinplicity and clarity of
illustration, elenments illustrated in the figures have not necessarily
been drawn t oFgGai®is S0p MBS strliGurdbimes goRthet a%(/@'@f iddtone! ement s
are exaggerated rel ati vg to other elenments for c?arltt . Iiggj?%&te@n wher e
consi der g f?Bt%r:I hate, reference nunerals have been repeated 5 anong the
figures ?@Sl n |qRﬂeé'c rrespondi ng or anal ogous el enents. DETAILED

DESCRIPTION c_In the follow ng detail ed description, numerous specific
detaPl s are sEIG-fiJrism 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 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. |




order to provide a thorough understanding of the present invention.

However, it wll be wunderstood by those skilled in the art that the
present invention nay be practiced 10 without these specific details. In

ot her instances, well-known nethods, procedures, conponents-and circuits -
have not been described in detail so as not to obscure the present
invention. In the follow ng description and clains, the terns "coupl ed" and
- "connected,"” along with their derivatives, nay be used. It should be
understood that these terns are 15 not intended as synonyns for each
other. Rather, in particular enbodinents, "connected" nmay be used to

i ndi cate that .t r.nore elements are. i.n direct physical or electrical
contact with ga\ké\fﬂ b%tarPé%“?C’ﬂ%é’f}Hngt rSfﬂ?'%éﬁdtq?ﬁdftypﬁﬁuéﬁfaﬁ'%r@%m%nts are
in direct physical or electrical contact. However, "coupled" may al so nean
that two ilsistrataskis tee Sgereshaveqatoecessatily been dmwratt soulé h Feaskampleethe but
yet still co-operate or 20 interact with each other. Turning to FIG 1, an

enbodi memimefisioner $rad oPthePelBhRFEs 5%%@%@%%99 '&om%rlelérhbﬂté%r.ed-

Phase change nenory 100 nmay conpri se ry el enmen that nmay include

a phase . rial 120 .wherein at.least a portion of phase change
mat eri al %@3}3 ?‘;@e& #VﬁSF?e‘gOfEéq%gﬁmeT@t%&#%a@ R4HCR{Y hfﬁ@. eef EeRe

13Q and 140 mmy be forned on a dielectric material 150, which may be

r ef e ed2F9Ng4ha fighies tg indicalei carasponding asanaisigous lelerobatsor s 160 and 170
may be formed on el ectrodes 130 and 140, respectively. A dielectric |ayer
180 may be formed on portions of phase change material 120 and insul ators

160 and BHEFAllEDSERECAIPROMNt ed that the scope of the present invention is
ntot} limited by the

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
o .20_ . interact with each other.

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

4




particul ar arrangenent or structure of phase change nenory 100. In

al ternative 10 enbodi nents, phase change nenory 100 nmay be arranged
differently and include additional |ayers and structures. For exanple, it
ray be desirable to formisolation structures, address |ines, peripheral
circuitry (e.g., addressing circuitry) , etc. It should 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 material 120 may be fornmed between el ectrodes 130 and 140.

El ectrodes 130 and 140 may be fornmed froma single | ayer of conductive

materi al ; [t e n dielectric er. FIGS 2-4 may be us to
illustrat '%?%41 EQ%%%@?% r@%Po?ya{)(ﬁ/@é‘ViCHE%ﬁﬁ es) ﬁ%ﬂﬂfﬁg,‘%@tei n
el ectrodes 130 and 140 (FIG 1) nmay be fornmed froma single |ayer of

conduct i vBayiichides phawe ¢lrarge mpteriah 120, evereimboldaatemportehed phaseshasgeand
140 may be separated from each other by a sub- |ithographic distance. For

exanpl e, rmatedalel 2018qdisNRbd bRhREEH GBS 8letRBdasd 30 4d 1Y BBcRERY MEEndy 2
di stance of |ess than about 1000 angstrons, although the 5 7 scope of the

- i i on fi ] In additi FILGS, 2-4
mmy be. useq ey R fometin s bFlieteln” O TREG mafd Byedl S8 e 1)
froma single .layer of dielectric material 240 (FIG 2), wherein
i nsul®at oﬂ@q%@i 'aﬁus exemple, Ipsuladarpdibiiand 1Fdmaydehfosmedontslectrodes 130 and

sub-1ithographic distance. 5 A sub-lithographic distance may refer to a
di st ance 1#daespectivebs Alistectrit ¢aterri80 may Be Srmied bh porions.of iiadecsidnge si ze

of a structure may refer to the mnimum dinension achi evable using
phot ol i t hpesRRRLo drRfinSNatRs Seotdia fARt Ure size may

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

5




-

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 imag e 10 fromone nediumto another, e.g., as froma mask to a
wafer, using ultra-violet W) light. The m ninum feature size of the
transferred pattern may be limted by the |imtations of the UV Fight.

D st ances, sizes, or dinensions less than the feature size may be referred
to as sub-lithographic distances, sizes, or dinmensions. For exanple, sone
structures may have feature sizes of about 2500 angstrons. | n '15 this

exanpl e, a sub-lithographic distance may refer to a feature having a width
may, ed to

of less n ut 250Q .angstronms. Several techniques e u
achi eve S%gﬁpiqqﬁﬁarpéﬁﬁrg ’BY%?}H’Q '(?H%qﬁ'"ﬂlt?cﬂﬁhgﬂs fERPet o Wﬁpﬂeéﬁ%s?éﬂt
invention is not limted in this respect, phase shift nmask, electron beam
| i t hogr apghRgy b_@lusﬁd taillusiratedhe dpmatioayoftimsulateds 180 aotii1@0gFEb1 )Zom a single
| i t hographi ¢ di nensions. Electron beam|ithography nay refer to a
di r ect - Widyes of biidléae ﬂmyriél%bQFﬂs'.ez)y%E%iﬁirfﬁﬁa’{b%f 16{? §ﬁ¢1]r1<?65mfa_ PeXPOs€

I thogr aphi c process

resist on a wafer. X-ray |lithography may refer to a

for tran i N atterns to.a silico 6 fer in which the

el ect ron%laﬁéjt’ait%&pg)&i’ Seelh TRy ?ssU;?ﬁFQ?Qfan?%g'ﬁtﬁ% visible radiation.
The shorter wavel ength for X-rays (e.g., about 10-50 angstrons, versus
about® 2000- 30605%@%gmme distance sayi reffer to adistanon thateiy lesdtize a feature

diffraction, and may be used to achieve feature sizes of about 1000 _
angst r onsize Alfwstrac lewalTheSfesfinetife FRY sBRIHSRAMBY réfdH @V eSHRiMLENOIr aphi ¢

di mensions. FIGS. 2-4 may be wused to illustrate the use of sidewall
spacers HonamhbSuenRYlpl! JJ&?@bﬂBIHt&hogdrjaBﬁ{)? iI'-%'?Se'xr:!mplf—:, the feature size may
| 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




Turning to FIG 2, conductive material 230 nay be fornmed on dielectric
material 150. Dielectric material 150 may be formed froma variety of
materials such as, for 10 exanple, silicon dioxide, silicon nitride, or
other material. ‘As an exanpl e, conductive material 230 may be fornmed on
dielectric material 150 using a physical vapor deposition (PVD) process.
Conductive material 230 may be carbon or a sem -netal such as a transition
. nmetal, including but not limted to titanium tungsten, titaniumnitride
(TiN) or titaniumalumnumnitride (Ti AIN). Another suitable electrode
material may include a 15 polycrystalline sem conductor material such as
polycrystalline silicon, although the scope of the present invention is
not | i m vedernin Which thesfleeiromesnelic tadietimueed i X-ragorathyr tharevisiblei ckness
rangi ng from about 50 angstrons to about 250 angstrons, although the scope

of the pratfiin, TheesHdredt wavélehgth ﬂ@rtﬁﬁbyw(et@ @boliEIRBY angdStréiisevetdifs
formation of conductive |ayer 230, a |ayer dielectric material 240. nmay

be Tormegh Qi S4Bl En gkt b 8&%2%5@@%91893%%30 UGBO AR hRE

(CVD) proce eri al Foxide. "SIt
nitride, other dlelectrlc 7 r. material. Dielectric material 240 may

have a tWP&IQ‘r‘e‘ésse rEenBcHEvS Rt E Biges QBabaHQQPPQn@a%r%%uA soosideyal r ons,

al t hough the scope of the present inventionis not limted in this
respgct . spacetshmayltieyesedto dckeleee subdithegraphid didtdhstursh BGS.f DA eegnad e, an
oxide or 5 oxide nitride, nmay be fornmed on dielectric material 240. An

openi ng \£2g tBaiMusﬂgatesﬂh@% J)ﬁs:@é@taﬂ%\ﬁa@@rsffy padeby &b Gt aphie! ectric

rraterlal 250. Opening 25
'f;—_—- - 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

polycrystalline semiconductor material such as polycrystalline silicon, although the

e
(63}

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
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be a via or a trench, although the scope of the present invention is not
limted in this respect. As an exanple, opening 255 may be forned by
applying a layer of photoresist material (not shown) on dielectric

mat eri al 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 renoved, i.e., etched. The etch may be
.a chemical etch, which may be referred to as a wet etch. O, the etch may
be an electrolytic or plasma (ion bonbardnent) etch, which may be referred-
to as a dry etch. If opening 255 is formed using photolithographic 15
techni ques, the dianmeter or width of opening 255 nmay be at |east one
feature simaderialpDiglegtric matarich2d® mag Metveua thicknefs RhGingfraft 8bodthes
conformal introduction of a dielectric material 260. Dielectric material
260 may bendsirarad t6\@boudisEicesidd t Qg 0 ' 18 2 and
on a porti 0?1 of dielectric nﬁé&‘tﬁ:{;ﬁ?ﬁ%ﬁ&lg&} ﬁgbgf%@dr?a e?@a?'%%?%fnvgﬁgpgcfsri c
mat eri al : is il.icon dioxide, silicon nitride, or polysilicon,
20 alt hougﬁp'€ﬂ5¥§é@§§gg S'?‘%%‘ present invention is not limted in this
respect. Dielectric materi al 260 may have a smaller thickness conpared to
dielectric neftRthEr Ipsp of mlielgplyiconatecialtd) sditebectariexaratier amlbxiOomay
have a thickness 8 ranging from about one-sixth (1/6) of a feature size to
about Soneoxith nitrifié/ Slayoe fornierhbm beelSdtEe. matdriPualn. t AR 9kt rt?fvinﬁ’ esent
invention is not limted in this respect. As may be appreci teg, he

i nt roductdi@ivQis d58! R&t 'HeCr Iy 0 peduces openj 255 (FIG a? . A
smal | er opening, i.e. ,{’oﬁeﬁfﬁrﬁﬂfé’g&ﬁéﬁ’%é'e?%ﬁ Hﬁﬂnﬁéf'ﬁbﬂgodiépé@f‘gi may
rr;;a__t)eri al b260.\/. The w dt PP] oh o‘geni ng 265 is |less than the width of opening
255 and rey VeCa? ARy eHBgPEb ke saprr BT the@ressntiioventish i edtdirnited in
mat eri al 260 .
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 wet 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 FIG. 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 . although 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




along sidewal | s 256 may be referred to as sidewall spacers 261 and 262.
Thus, as may be appreci ated, sidewall spacers 261 and 262 nay be used to
formopening 265 that may have a sub-lithographic width. In one

enbodi ment, 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 enbodi nent, the width of opening 265 may be | ess than about

1000 angstrons, although the scope of the present inventionis not [imted

in this respect. ;15 After diel ectrlc materi al 260 |s formed, portions of
mat eri al s_ 230 240 g nd 260.rrEy %—J) ved usj ng , an etch r ocess.
FrG 4 i Feg oo sPRut ofissbiia/Oia! FHestuse aredp abot paertbid; W¢Sost o
materials 230, 240, and 260. Turning to FIG 4, in one enbodinent, a dry
etch sucfeatre sive, @ﬁmqgl‘etheascm sfothreogries et mhren‘agn e notfiedteddnrtaioy e
portions of materials 230, 240 and 260, thereby form ng 20 el ectrodes 130

and 140 faspercondunky e Agireeiafda, 480 idRdalondh BRdisutiahphedofbo @gmf}oso

fromdielectric materi al In one enbodi nent, el ectrodes

may be s . at oth sublltho raphpc di

i nsul at o(?'g)ear@" 5%5’0(@%5? g\ Br oépéﬁﬁgal"%d OPPB%Qeggh "B?‘hgfeafg US'“Q
sub- Li t hographi c di stance. The process of formng a sub-li thographl c

di mefsi ofitlgsigmitedalat $0 s Jaeewidthiaf| apening @8 5vistiess tiaer thecwidth ofl GRnidgs
may al so be referred to as a sub-lithographic etch. Dielectric materials

260 and 2%8) sy ks beanyadidbyripHid evifiat. rmrﬂ.é)aoﬂforé & &etercﬂci’@ﬁqakéﬂaiaﬁsblm
al.t hough t he scope of the present invention is not limted in
riespect . -along sidewalls 256 may be referred to as sidewall spacers 261 and 262. Thus, 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.
{ 15 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 each other by a sub-lithographic distance and insulators

g
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I n one enbodinent, after form ng of electrodes 130 and 140 and insulators
160 and 170, a phase change material may be di sposed between el ectrodes 130
and 140 and between insulators 160 and 170 as is illustrated in FIG 1. O,
in an 10 alternate enbodi ment, nore sidewall spacers may be used to reduce
t he amount of . phase change material between el ectrodes 130 and 140. For
exanpl e, the thickness of the phase change material in the z-direction
»(orthogonal to the XY perspective shown in FIG 1-4) nay be reduced by

di sposing nore sidewal |l spacers prior to the deposition of the phase
change material. FIGS. 5-10 may be used to 5 illustrate an enbodi ment for

fabri cati@q)srregor_y el emrent 110, wherein sidewall - spacers may be used to
reduce th@$padd HbMayde seraratastiromieactanthel 4y psibiitheyrapRiciigemRRase
change material 150 between el ectrodes 130 and 140. FIG 5is a

cr oss- sedtieqrakesd efivfm‘fningm%-mwﬁéﬁhié%hﬁéi%%iﬂ Eﬁe?v’a"ﬁ Hacefd gure 4.
| 1SRt he view

FIG 5 provides a view of nenory ce 100 that 1s orthogona

20 shownjlivBtatéa whtd | rspectiv durin | ater state of

fabrication. In FIG efgfe”&ggf’ﬁﬁgﬁgs Rbiay flso Betefededitp as 7 subdithrarephi

il ustragﬁ?} tBeWéstr.ucture of FIG 5 after the form ng and patterning of a
I'Cc

10 di el e€ FHPF nategigls 260 ang 250 s vrbatremdivet edterithe fatrakiiah 0450 may
be.formed on dielectric material 150 using a CVD process. Suitable

mat ePi al 8eptspdes dBGcand ¢40ntithbabh tHERCOBY of ke B et ihnritic NAqRhed | OV

K dielectric material, although the scope of the present Invention s n
| i mted inthiddespeegspect. Dielectric material 450 may have a 5 thickness
rangi ng from about 1000 angstrons to about 3000 angstrons, although the

fcope of the,present.ipvention is not limted in this respect. An openin
'&5gp IR éﬂ’\bb&lment. after §0rmlng of electrodes 130 and 120 and insula?ors X

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




., Z having sidewal | s 456 may be formed by etching dielectric material 450
using an anisotropic dry etch. Opening 455 may be a via or a trench,

al t hough the scope of the present inventionis not limted in this
respect. If opening 455 is fornmed using 10 photolithographic techniques,
the width of opening 455 nmay be at |east one feature size. FIG 7 is a top
view of nenory elenent 110 at the stage of manufacture illustrated 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
t he stru%ifgrq.of IiIG“&@after t he c%nforma,l introduction of a dielectric
mat eri al HBECIHMAELR30- RS enbadinentydislectrisimaterisl 450 may ke farmed on
material 450 and along sidewalls 456. Suitable materials for dielectric
mat er i al diggectrieynatedalud® using advD dirocssde, Susiablecmataridls foteliclettricomatirial
dielectric material, although the scope of the 20 present invention is not

linmited 480 pincRERE coniSkias o a0owat 8[&4%@&@%@%}/&@}6@@ at% l%gbb& bf the

t hi ckness conpared to dielectric materia

di el ectr. [ 460 ., have, a thi ckness rangi ng from about one-sixth
of a feat’ff"rsggglt"?&”ﬁ%“ ff‘%lg'ﬁﬁ?e dﬂgblﬁrﬁ??eﬁ% 'E@thmég%’laié?()amhbagﬁat he
scope of the present inventionis n of limted in this respect. An opening

465 Pay BecknnssEanangrigon abaust QO mayetroals tod@ifbutTHROQiadightroins) pathionghd 65
may be a sub-lithographic width. The portions of dielectric material 460

| i thevedd ' i ' 62.
al ong si e dbthemeshet rbatibRGs hot ﬁﬁuf%oqlﬁ:‘l”@é %§B§g§r erﬁg%%u&%s‘l

I n one enbodi nent, the wi dth of opening 455 ( one

Ifﬁg'; ure r?‘ei\ﬁﬁg sﬁfé%élﬂetﬂ-ggirﬁwgg%o%’aeg ibeyI e?t% :rnigcdie etc?rrici: ?Aatgggl Hgg ubs?ngcgr? sen so
anisotropic dry etch. 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




the width of opening 465 (FIG 8) is about one-third the size of opening
455. For exanple, the width of opening 465, i.e., the distance between

si dewal | spacers 461 and 462, may be |l ess than about 1000 anstrorns. 10
After dielectric material 460 is formed, dielectric material 460 nay 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
.enbodi nent, a dry etch such as, for exanple, an anisotropic etch may be
used to forma trench 475 having a sub-lithographic width . In one

enbodi ment, the width of trench 475 may -115 be | ess than about 1000
angstrons,, although the scope of the present inventionis not Iimted in
this res p@t?ﬁqt.orlﬂl‘%‘rdl‘l{f 7 $eature pizei slthofighmthmsgomd efrtm picb@nainveheiontiagecef
manufacture illustrated in FIG 9. As is seen in FIG 10, portions of

di el ect rilimited e this régRonRyAN bgenmgwssi iy b89oirhEq %E&Ef@%l%%%db%é&@alf orm

trench 475 so that portions of 20 dielectric materials nd 170
may be exp@gethel i ' afuwer. formng trench 475, phase change
material 120 nay bﬁ?%ﬁ%gﬁmgnm Y&’(S’V\%PPQ l'yboﬁgpé'%‘ﬁﬁtgndTHB’PPrB%"E‘%\éé
el ectrode l130. and 1,4?, and between insulators 12 160 and 170. FIG 11 is
a top vi EWF'BFriCHEat | 46% dlope sYzwvalin4hE may degeferedjto of sidewball spaderss
FIG 11 illustrates nenory elenment 110 after the deposition of phase

chande met€dr drad 4620 innoropeniboglirént, thetwrieh ofichenild 45BaERE SeGky 5
bet ween el ectrodes 130 and 140, and between ir@ﬁl atdors ?60 and 1¥0. aAlgé%rrgy

be appreenatfeghure$iz20 adlt theahickPBSs 3¢ RGdiLdPRINLARNF 4B0°%59 e Shdken so that

Y . . .
— the width of opening 465 (FIG. 8) is about one-third the size of opening 455. For -

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




sidewal | spacers, to formnenory el enent 110 may reduce the anount of space
bet ween el ectrodes 130 and 140 and between insulators 160 and 170, thereby
reduci ng the amount of phase change material between el ectrodes 130 and
140. 10 As described with reference to FIGS. 2-4, the space between

el ectrodes 130 and 140 where phase change material may be fornmed may be
sub-lithographic in the x- direction. In addition, as described with
reference to FIGS. 5-10, the space between electrodes 130 and 140 in the
z-direction may al so be sub-1lithographic. Referring back to FIG 1,
insulators 160 and 170 may provide electrical 15 and/or thermal isolation.

| nsul ator $ ?é%d 140 may assist in limting the ohmc contact area
bet ween phase change material 120 and el ectrodes 130 and 140. In the
enbodi ment illustrated in FIG 1, only a surface or edge 131 of el ectrode

130 is cont adifing laispotan vievobf pihmstruchaagﬁ Fit@t @0i &l a :26r stageasfdi ti on,
only a surface or edge 141 of electrode 140 is contacting phase change

material fhBfAcathbrs.0 FROOM iRtidtes hiemdsy B8R GY C%ft Pty 8&;9(551&@9 f%agg

continuous and aligned to edge 131 of el ectrode and edge

i nsul at or, t. s a ned to ed e 141. Al 't h menory
ol erent 5hPe enE) FaPdh MR A 2aT hepeen sfeliad sprsers %%@nc@ﬁﬁé

limt %féOf t% qeﬁz%‘r; invention. In alternate enbodi nents, nenory

el eneft WRED 13Qi2nHolA0, and batween T60latats 160.antk1@0scussed
above, in one enmbodi ment, the sanme etching operation may be.used to form5
i nsul at ors 16@samdy Bélapmdciaket, unidg st 163t nd sh‘ﬂa%thb?raﬂil*ﬁ’é Resceagbadj ment

separate etching operations may be used to forminsulators 160 and 170 and

el QCt r odemelall ?p%!:e%oto form memory element 110 may reduce the amount of space
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. | |
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After formng el ectrodes 130 and 140 and insulators 160 and 170, phase
change material 120 may be fornmed between insulators 160 and 170, between
el ectrodes 130 10 and 140, and overlying a portion of insulators 160 and
170. Portions of phase change material 120 nay be in electrical

communi cation with portions of electrodes 130 and 140. Exanples of phase
change material 150 include, but are not limted to, chal cogenide

-el enent (s) conpositions of the class of tellurium germani untanti nony
(TexCGeySbz) material or GeSbTe alloys, although the scope of the present
invention is "15 not limted to just these. Alternatively, another phase
change materi may .be used ,whose_ electrical properties (e.qg. resistance,
capaci t ance, é%lghgt}/qpavegéorglﬂﬂagat ﬂﬁpdﬁdﬁf’mfﬂége‘(b'ﬁl‘ itstateRs G%Oeﬁféfr dy¥Osuch
as, for exanple, light, heat, or electrical current. After form ng phase
change mdhirisdiotipbimitatidhaifgbemireserdtiovemtior.8t ahigrrace efriradbdenwerm

change material 120 and insulators 160 and 170. Al though the 20 scope of

the presedmenyendifgy ibs feheli WitheG: induldibs {66RGET 1741 € - terial
180 may be silicon gYoxi de, silicon r?i {Jri de, or%g’?hg@na%‘gﬁléﬁﬁsgﬁel ectric

mat eri al ferred to as an encapsul ator. 14 Progranpm ng of
phase ché‘#gge@{%'%e%?‘rb%ﬁ'ﬁ{‘?@t é‘f’??la"?%gtcg‘f% E-pgr@tlﬁﬂdggy Y38 14RTBTi al may
be ac onpli?hed bé appl ying voltage potentials to el ectrodes 130 and 140.
For éanﬁ?sé’,atﬁ"ﬁlé Py %Bpemd slectpeeeSfcendfl 40esk annthenbobiodimest,vol t s
may be applied across the phase change material 120 by applying about five

vol ts t osSpahbrttahiley bgbraaivthsahaybezeyed VOtdrfn IRuRitest 18dank3P70ARUT I ent
may flow through the phase change material in response to the applied

volit age prbeabbalizo 8 14y result in heating of phase change material 120
and el ectrodes 130 and 140. This

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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heating may alter the nenory state or phase of phase change material 120.
The voltage potentials needed to transition phase change material 120 from
10 one state to another nay be directly proportional to the distance

bet ween el ectrodes 130 and 140. Accordingly, decreasing the distance
between el ectrodes 130 and 140 may al so decrease the voltage potentials
needed to transition phase change material 120 from one nenory state to
-anot her nenory state. For exanple, in one enbodinent, if the distance

bet ween el ectrodes 130 and 140 is 15 approximately 1000 angstrons, a

vol tage potential difference of about two volts may be applied across the

portion of ph change terial, 120 between el ectrodes 130 and 140 to
i nduce a curr ﬁ?grta(gnrﬁg'ﬁ g{iﬂg‘g‘%ﬁ Hhangs materiafni20 (o pltagthe statie euphase ofriknene

sufficient to alter the state of phase change nater froma generally
anor phoudn&edpemay ke gesmmplishedcby spplyingieckagd potdreidictnglethrody ol Bagsn20
and current used during operation of nenory elenent 110 may al so reduce

power  CAmguNPb @fbrﬁf;lepﬁa&ﬁté&éaﬂ%nﬂgmirf%réﬁ& ofa‘gesgitggﬁzc@&gteﬁgg\(/%hs PR¥nge

insulators 160 and 170 may |imit the contact are 1 hasé 'Cc

mat eri al ' ctrodes 13Q and 140. . By limting the contact area
bet ween B%ég)gﬂgﬁg%o:ss X q?aéeﬁ ggrfaaéff'@EtT%g]Y; 2pplyinghabaubfive Nps teeduces
the volu of phase change material 120 that is subject to programring - In

ot heP woF§strogRel 4@ gndrrbeut gewyvelisita glaasrateot 80i nk cument ary flow. throdgh
‘region of 5 phase change material 120 subject to state or phase transitions

i n respotieephase ehpidecshaveridl Ay eesprrRBlioddh® aftie8UHiia38thdtenBalk O5hd %HP“
phase change material 120 7 which is less than the total volune. Wthout
Insul at ofeguik6R HBENG G pHARE GRINGRShaterial 120 and electrodes 130 and 140. This
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
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area between phase change material 120 and el ectrodes 130 and 140 is
increased. This may increase the region of programm ng, which may increase
the 10 voltage/current needed to program phase change nmaterial 120. The
regi on of programmi ng may be further limted by reducing the anmount of
phase change material between el ectrodes 130 and 140 in both the
x-direction and z-direction using sub-1lithographic techniques as discussed
+above. Accordingly, a snaller portion of phase change material is subject
to programm ng, which may 15 decrease the anount of voltage/current needed

to program phase change material 120. Dielectric materials 150 and 180 may
el enent

be used t i lectrical, andlar. thermal isqlation_far nor,

110. In a@‘a&?{e%\érquag%t‘ﬁ“@”@fe{ﬁﬁﬁeé@jégg’c?’?438%0“898?/«3,3%&'& 440 | &Y htdng ahe 150
and 180 may also be low K dielectric materials. The 20 thickness and the

t echni quetAdaet FTgarhsitimegninhese ahiasbecnzieciahd6raral slentiydée 186] @ut 840, this
dependi ng on the desired characteristics of nenory el enent 110. By

provi di ngetibices tHensoluaid ohpleast eifgeinagerddle 2 HANs SLbREP Y %’%Qr%ﬂwmﬁw@e
efficiency for programmi ng 16 phase change material 120 using electrical

heat i ng i | 10, may. be referred to as. a

| at er al gﬁ?ﬁ'z&c gﬁgﬁa@g%?%n@{ﬁ? Lﬁgﬁﬁ@%%gg}?fgdppqr M 4Per e goion af
a horizontal of the x-di,reﬁ%i on. As is illustrated in FIG 1, electrodes
130 ahd P ésﬁﬁba%ﬁf’bﬁfﬁﬂa' @ Subisst itp shateopr Bhaseaansitions)in respensalto
Alternatively , some phase change nenories (not shown) nay use nenory

cel I s hawppliedvektagé patertiald,iigeoatined towhpsrion &f pitdseosiemgar@afdraeqdo ~. 6

- which is less than the total volume. Without insulators 160 and 170, the contac:t

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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above and bel ow t he phase change material so that electrical current flows
in a vertical direction. Although the scope of the present invention is
not limted in this respect, in 10 sone enbodi nents, electrodes 130 and
140 may be symmetric in size and formed fromthe same material using the
sane processing operations, thereby decreasing the cost and conplexity of
fabricating nmenory el enment 110. El ectrodes 130 and 140 nay be deposited
~prior to depositing phase change material 120, and therefore, electrodes
130 and 140 rmay be prepared at higher tenperatures 15 conpared to the
tenperatures used to prepare phase change material 120. In addition, in

t he enbodj t ol . i -1G 1. .atelatively |arge portion of phase
change naé@raslgathafbg%@hgg‘%ﬂygggﬁ%'whﬁﬂﬁw H}a(y?/t%e IBGtPaserel ati vel y smal |
portion of electrodes 130 and 140 may contact phase change material 120.

Accordingly, Nemosy elesrantel 10 Imeyt barettried tel & alatenyl presel dhangeanemory _
relatively | ow power nenory 20 elenent. Also, if electrodes 130 and 140 are

Symet 1 i evivesiinge cLitent FBOALIatdrk APLTO0RP aTRYIZBARIdrINE G- GRAIY R it he
heati ng of phase change material 120 during progranmm ng, I ch may

i ncrease ; i Ck-pRcC reliabidit menor 17 element 110. TJurnin
to FIG ig‘m?ﬁ% h@?@nﬁb@?%ﬁﬁ“}%ﬁ@%ﬂ% ;}gje"l BrU ke formaccunqar Rections g 1 n
this nb?ﬂ%i manb, i nsul ator 160 and el ectrode 130 may be renoved (e.g.,
etche'g) aga chapgRmasriaihafltamnatiygly 1samefphaseuthange mewmories fovesksavahd an

edge 5 131 of electrode 130 is bevel ed, and wherein edge 161 of i nsul ator
160 and eugeudsBinenadryetalist iavieg d3@racs aRBiganatioNIheri elietitles die PINCLd
v\fp_[‘ds, edges 131 and 161 are
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, theréby 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-Fl-G. 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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angled with respect to dielectric material 150. In addition, insulator 170
and el ectrode 140 nay 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
insul ator 170 and edge 141 of 10 el ectrode 140 are copl anar and conti guous.
For.m ng el ectrodes 130 and 140 and insulators 160 and 170 in this fashion
may | nprove the contact between phase change material 120 and el ectrodes
*130 and 140. Turning to FIG 13, another enbodi nent of nenory el enent 110
is illustrated. In this enbodi nent, insulator 160 and el ectrode 130 may be
patterned 15 (e.g., etched) so that edge 161 of insulator 160 is
noncontigHgH%n?qqcpot aligned to edge 131 of electrode 130. For exanpl e,
the etch operation'used to forminsulator 160 and el ectrode 130 may be
nodi fied so that insulator 130 is etched further than electrode 130. In
addi tion, i nsuldPtg to76lGral2 enashehenbbdimbémr ot hemaledémede 1140sso  t hat
edge 171 of insulator 170 is noncontiguous and not aligned to edge 141 of

20 el ect riduaratdd. IFahls apbetieedritotRslats0160 dnd 4h@e f8HNaL YeSelfilegnd 170

in this fashion may inprove the contact between phase change naterial 120

and el ectE@c | FIG 14 enbodj nent, of phase

change me(rn)%(rj’;;}/eet ?L%%tﬁicbsr%eughrSé%ﬁjc?}-léh%@e‘}ﬁhgt'&@”%ﬁfo@ g VP‘?@'IQF@G%" fidars y

el enent s 0., Phase change nmepory 100 may al so include additional

structur eéjfﬂ]; éﬁf@@dm*%ﬁme@%- Jed wdereip\adges16 eobinsulatoraiGdi ardedget 31

di odes), isolation structures, and address lines. 5 In the enbodi nent

i | | ust r apéelectioge G30%kte cpbmer ahdegatig®suy. VinkAReCRBRIS, ,§§e§13$§ﬁ8t1'64t£re@00
I ment,

ti‘_:;_.h-zjxt may be f or.mad froma sem conductor material. In thisS enbo
s angled with respect to dielectric 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
15 (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. In 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 co_ljtact between phase change material 120 and electrodes

130 and 140,
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a P-type dopant such as, for exanple, boron may be introduced in substrate
600. I n one exanple, although the scope of the present invention is not
limted in this respect, a suitable concentration of P-type dopant is on

t he order of above about 5x1018 to about 10 1x1020 atons per cubic
centineters (atons/cnB), rendering substrate 600 representatively P++.
Overlying substrate 600, in this exanple, may be P-type epitaxial silicon
'620. I n one exanple, the dopant concentration is on the order of about 1015
to 1017 atons/cnB. Phase change nmenory 100 may al so include shallow trench
I solation (STI) } 15 structures 630 fornmed. in epitaxial silicon 620. STI

structures 6307 e 140 | Q!ﬂ} . I.ndivi,dual ,nenory el e s fraom one
anot her as wel ua?%@%’%'é?’ééﬁm rcoalmé@ﬁj%fmg cherds. ,empg’nng@@isd&“%@ﬂ?@es)
formed in ﬁmd n the substrate. In one enbodi ment, STI structure 630 nmay

be silicoh'dioiage BefsydR0inmudasipemsry elementeddft Rhaserthangeimemoty
limted in this respect. 20 Phase change nenory 100 may further include

sel ect delideay@i® inchtderadditimal pruttuds $Ute RISWRS G bF SIEEE Yevicd @?Q.
devi ces 640 may be two netal -oxi de semiconductor field effect transi&tors

It or a6 s Ren and chgee s BBk S e A ad s ans st or mhy i ncl ude.a
Regi ofs 601, G54 SERRRE L Fiated /e dépBtassrhangs ceman eddyprites a
substrate 600 that may be formed from a semiconductor material. In this embodiment,
) a P-type dopant such as, for example, boron may be introduced in substrate 600. In
omemmm&ammmhmemmmdﬂmpm%mmWWMmSnmﬁmwdmmhmwmma
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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5 introduction of, for exanple, phosphorous or arsenic to a concentration
on the order of about 1018 to about 1020 atonms/cnB (e.g., N + silicon),

al t hough the scope of the present invention is not limted in this

respect. Conductive materials 653, 654, and 658 nay be, in one exanple, a
refractory netal silicide such as cobalt silicide (CoSi2). Conductive
materials 653, 654, and 658, in one aspect, nmay serve as a 10 | ow
‘resistance material in the fabrication of peripheral circuitry (e.g.,.
addressing circuitry) of the circuit structure on the chip. Conductors 652
and 654 together serve as the wordline rowleg. Row 820 in FIG 15). Gates.

655 and 6&8iont &l 86l 6%V iceRaubldfe MtehRS!s e TRy dou 0%]@198;%'@'6%15 ﬁ'ﬁé’m a

polysilicon material. In this exanple, gates 655 and be referred to

as 115 i LJ r.an address |i At 655 and 659 may al so be
referr edaottcﬁ)érg{'s}g]gs’%:{c{))lrpﬁnn%y I'n%r\lé@e( 3.@9‘?”8%%@% aePeugtiveingaieralssyo4 and
dielectrig material 660 such as, for exanple, Si02, may be forned

sur roundi%P: a5t28285658nd 659. Conductive contacts 670, 675, and 680 may
be formed froma conductive material such as, for exanple, tungsten.

Contacts 670 Redioh3HIRYEHR, 264 bEBeRal R NGQPBRIp e IS4t St f&-’?@? ‘
el ectrode material 860 in FIG 15. Cogt act qggoqgiﬁg %gg Imay be t %%érteage

cuonly NS ARRo b Y ol oBMELR B0 TR e ol M oo Soggpgct Ve

material, such as, for num

order or sequence of the operatigns described above to formnmenory 100 is
not a |i ﬁ{‘{%gtoﬁc???%f 1 et‘bﬁgg'ém O'i%rﬁﬁé’ﬁﬁ/ﬁﬂ‘.a (oG N5 siliconl salthaughithe scageam

of-.an enbodi.ment of a nmenory array 800. Menory array 800 may include a
pldr al it 9 6p presand inveatige isrpobingiter] nthis esPéct. t ahductive materials 653, 654,
and 658 may be, in one exampfe, 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 circuft 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 Figﬁre 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 éuch 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.

20




5 may be forned as nenory el ement 110 descri bed above. In this exanple, the
circuit of nenory array 800 includes address |ines 815, 820, and 830 that
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 860, and a phase change 10 material 870. Turning to FIG 16, a
“portion of a system 900 in accordance with an enbodi nent of the present

i nvention is described. System 900 nay be used in wrel ess devices such
as, for exanple, a personal digital assistant (PDA), a |laptop or portable
conputer W thtwh I b | bt et wireless tel ephone, a
pager, an inst anté?&ﬁg@?&?{ﬁfgk g{é%(/?(r:%rv% Sﬁqg’?t‘g‘% Ortrﬁg?c?pﬁf%%}s, S%Pcﬂ'ibﬁat al
carmer a, cgb<y: eQ devi ces tq%ghra be adapted to transmit and/or receive

i nf or mat i OF Wi PePEISTEMAsY fihisoeat atlyiiatienafeths wesenbinventiono, an

I nput / out put &J/C» device 920 (e.g. a keypad, display), a nenory 930, and
a wirel ess i nfd®f 38ds 8sohematic dibgramedan erhbedimentof 8 hemoRb&ray Boghoul d be
noted that the scope of the present inventionis not limted to 20

enbodi merembanarngy 80U ney iablidet ﬁfﬂr%ﬁ?rcgiﬁfﬂé%@edﬁtaﬁg?gﬁl glfaﬁ}a{aléhwsei%égg{i‘@l’hat

conprise, for exanple, one or nore m rocessor
Pr oCas SO,y U I tg | | ke.. ry 930 may be used to store
o1 measagsy BRI ARSI ieffer B0 Sbot pBiey Tout: Gegmales dropranar y
be used to store instructions that are executed by controller 910 during
t he oper S1GRIY&Fray&iGincludes addrssiingsid 5826, and BBOtatusay bealsed thenor y
93Q may be provided by one or nore different types of nmenory. For exanple,
erory 9pManay aroepd nsEnanMEbiehise810, Address fines 815, 820, and 830 may be

coupled, in one embodiment, to external addressing circuitry (not shown). Memory

elements 810 may comprise a MOSFET 850, a resistor 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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5 nmenory (any type of random access nenory), a non-volatile nenory such as
a flash nenory and/or a phase change nenory such as, for exanple, phase
change nmenory 100 illustrated in FIGS. 1, 12, 13, or 14. 1/0O device 920
may be used by a user to generate a nessage. System 900 may use wirel ess
interface 940 to transmt and receive nessages to and froma wreless 10
comuni cation network with a radio frequency (RF) signal. Exanples of

"W reless interface 940 nmay include an antenna or a wirel ess transceiver,

al t hough the scope of the present inventionis not limted in this
respect. Although the scope of the present inventionis not limted in this

respect, ' 1 f t fp]l ow conmuni cation air

i nt erface%%;égfs Csoﬁ%s}%ngﬁﬁ?g g@?ﬁg?%é{% m Q@Or @L%&‘%gggs@%éw wipaatly Pedisend
Mul tiple @{:%ess, §CDI\/,A), cel lul ar radi ot el ephone comuni cati on systens,

d obal Sy G IBFUHEIONS dhalarmeresaieddnscqrbsipr 860 Huting the aﬂé@ti@h@ﬁbg@l@m
systens, North American Digital Cellular (NADC) cellul ar radiotel ephone

syst ens, F00ranDimagbewsht td swire vdeeass. (W Fr%'i}ﬁb F}&ﬁ‘d}%@ v

(E-TDMA) cel lul ar radiotel ephone syst errs%m ?%(g;ge erea I on %{E%ﬂé{errs

i ke Wdem My 2 m@:, - 0, and t like. Wiile certain

f eat ures ofb%'?ﬁg invgﬁfzilg(?(rﬁ have be%aﬁ?@?'r@?@&%ﬁgom?%@ﬂse RveEtE nany
nodi f catr'é%pl?) @ubi)t(i tu,rt ié?‘Bs, changes, and equivalents will now occur to

22 thdse SRIPIEEMY IYRSQ! i@Rdom acqess rerapes)oa sontvelatite mremeorytsust ashaflaste
appended clains are intended to cover all such nodifications and changes
as fall WI'eMPE anona pbasprhangefnenttay suoh es] icPRxadple, phase change memory

o) 100 illustrated in FIGS. 1, 12, 13, or 14.
e 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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fi Cainms: 1. A method, conprising: formng a conductor material over a
substrate; 5 renoving a portion of the conductor material to formtwo

el ectrodes fromthe conductor material, wherein the two el ectrodes are
separated by a sub-lithographic distance; and fornm ng a phase change
materi al between the two el ectrodes. 10 2. The nethod of claim1, wherein
renmovi ng i ncludes etching the conductor material to formthe two

‘el ectrodes. 3. The nethod of claiml, 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 electrode contacts

t he phas terial . 4. i rther .c Lisin
Fomovi ng o porerenare e, & LERERE 38, MoctaBal iyt i enpRapR TS oh

el ectrode_so th?t the firs di,}eclriC‘naterial includes an edge that is
bevel ed ARENTRG G P alsuch mediications des wngag astalhwithin thedriespirtefdhe
wherein 20 the edge of the first dielectric material and the edge of the
first el daMentide. are copl anar. 5. The nethod of claim3, further conprising
removing a portion of the first dielectric material having an edge and the
first electrode having an edge so that the edge of the first dielectric
material is noncontiguous to an edge of the first electrode. 25 6. The
met-hod of claim 3, further conprising formng a second dielectric nmaterial
over the first dielectric material, and renoving a portion of the second
dielectric
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material to forma first opening having a sidewall to expose a portion of
the first dielectric material. 30 7. The nethod of claim®6, further
conprising: 24 disposing a third dielectric nmaterial in the first opening
and along the sidewall to forma second opening, wherein the second
openi ng has a sub-lithographic width. 8. The nethod of claim6, further
conprising: 5 disposing a third dielectric material in the first opening
and along the sidewall of the first opening to formtwo sidewall spacers,
wherei n tQRihO spacers are separated by a sub-lithographic distance. 9.
The met hod of claim8, wherein forming a phase change material includes 10
form ng-t he phase change material between the two spacers. 10. The net hod

of claim1, fuyther,gR oupling a first electrode of the two
el ectrodes to a flrst g%g esg I % and coupling a second el ectrode of the

two el ect r odesfotming asendbwtr atithriebever i pebstrats; 11. An appar atus, conprising: a

first el ectrode over mat e ectro rated from

t he fﬁfst elecf?ggggﬁyogm§ﬁ%tec?ﬂ%ﬁ%ﬁBﬁ%%MF@ng%ﬁ@)& g?é&ﬂg e first

el ect r odecondndt@ah@ctidlpwhdréiatthd@beldcabdeantt dhaasebondutelideimpiie 20 contacts
the first material; and a phase change material between the first el ectrode

and secorfiS@Ecitdode.
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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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 change maispsdid a el AgldchR &M@ia@hﬁ&%ﬁ@ﬁ@?eniﬁ@aﬁ'a‘l&rg thh@dsitafitie of the
phase chapge material. 17. The apparatus_of claim 11, wherein the first

el ect r odelOFR@ sespd Seewipg Wherebnthe serend preningrhes @ seh-tbograghingidhy ayer of
conductive material. 10 18. The apparatus of claim 11, further conprising a
first dielectric material coupled between a first portion of the phase
change naterifl andheandthadsif clagn i frthafcotdpeisibipr st el ectrode; and a second

dielectric matgrial cou et ween econd portion of the. phase.change
15 rrat(:%teri al anaeéSpé)Slflgflglppdp%%ﬁbt%mg . ﬁﬂﬁéeef%%?f%@lngéf“?%@ég. tthf@l.dlg‘faiogppar at us
of cl ai mth8firsabpsniidtodbmeahgasiddwallRpackis! Wherdingh@®id dpeceiPire kdpatatedi 15y Hevel ed

and an ed%ﬁ of the first electrode is bevel ed, and wherein the edge of the
first 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.

25



dielectric material and the edge of the first electrode are coplanar. 20
20. The apparatus of claim1ll, further conprising: a first spacer
contacting a first portion of the phase change naterial; 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 volune of the phase
change material 1is between the first electrode, the second el ectrode, the

first spacer, mnd the :peaeHSlof GRACAL whélindBe subl@haRRMiAlittandfis Bbkai m 11,
wherein the first electrode is coupled to a first address line and the

second el B8l plyub 100 ARgsEPBY t 0 a second address line. 26 23. A system

conprising: a processor; a wireless interface coupled to the processor;

and 5 a nenory coupled to the processor, said nenory including a nenory

cell that coni$ri s&dwe appdratnsof ddimcltly whereimaeroltagd patettiahdifferched of lesssecond
a.sub-1litho

G ot arfce, ORGRAT Y b ey tosts T RECRa mH ey SR e HRRERH S ang the
second elwalieadestattQf aephaktichaddiendtériapt material; and a phase change
materi al between the first el ectrode and second el ectrode.
17.  The apparatus of claim 11, wherein the first electrode and the second
electrode are formed from a single layer of conductive material.
10
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.

26




24. The systemof claim23, wherein the wireless interface is a wreless
transceiver. 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 electrode
by a sub-lithographjc distance; wherein the second el ectrode includes a
first 25 surfice tha!YuceEPIFHNEhe first direction and a second surface
that faces in jhe.s6g0nd direction and contacts the first dielectric
material, the first surfaces are substantially coplanar and the second
surfaces are stityselasstiptgifhog coapediodhe prapstsar; pidase change material bet ween

and i contact. wi.th the ,e rodes. wherein a. voltage potentjal difference
applig% across’ ﬁ%“%ﬁggéﬂ%ﬁﬁhﬁgmﬁﬁFgr%ﬂ{mﬁ?Pﬁﬁnﬁﬁén%?E% (ﬁﬂg%hﬁﬁb alters a

struct ur adongtrgtee of the phase change material for an el ectronic nmenory
application. 27 27._Th aREaratu of clafn126, wherein the el ectrodes are
a conductive nateﬁﬁ%f?eqﬁﬁ’eFH@r%. P#E8t of ¢l ai m 26, wherein the

el ectrodes are fOr@%@xﬁﬁ@ﬁ%ﬁbdé%q%hﬁgéﬁnﬁ@ﬂ@ﬁm?&eénﬁ@B?H%ﬁﬁﬁﬂmﬁ?ﬁﬁﬁ'al- 29.

The apparatus of claim26, wherein the first surfaces” contact e phase
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 ﬁom 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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change material and the second surfaces are spaced fromthe phase change
material. 10 30. The apparatus of claim 26, wherein the first and second
surfaces are spaced fromthe phase change material. 31. The apparatus of
cl aim 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-1lithographic distance is less 20 than about 1000

Angstroms. 34.27The m@@{w@am oPdlaifil 29, WhéRin the'EefifIdes HRIcbadelve @ fi 1 st
portion of a second dielectric material that contacts and is sandw ched _

bet ween tRatefitk st surface of the first electrode and the phase change
material; and 25 a second portion of the second dielectric nmaterial that
contacts and is sandwi ched between the first surface of the second

el ectrode and i%he phesepahangiclant2; ivhbreindbe elfttendappafaimed fion €1 ai m 34,

mhereug: %@5 gérs%.eleﬁt%ode i ncl udes an edge that contacts the phase
change® nat'B§F £ ol 3Gopduetisamaietidle| ect r ode i ncl udes an edge that contacts
t he phase change material; the first portion of the second dielectric

material includes an edge that contacts the 28 phase change material; and
the second pord’ on T&F apprsatyselghaimdbevherein the first ®irfages doperiyberhasn edge t hat

contacts cHafig MNESA A HEYEcHTB SRFARS are spaced from the phase change material,

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
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5 36. The apparatus of claim 35, wherein: the edges of the first el ectrode
and the first portion of the second dielectric material are coplanar and
contiguous and parallel to the directions, and the edges of the second

el ectrode and the second portion of the second dielectric nmaterial are
copl anar 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 conti ghgsishaapsdimaealPasial el to the directions, and the edges of the
second el ectrode and the second portion of the second dielectric 15

materi al are bb¢&icerd partor eithe prepndidigleetin maguislinchdes angdspthebganedctst o t he
di recti onge oha8 chalag nAbRaf at us of claim 35, wherein: the edges of the first
el ectrode a % the Tirst portion of the second dielectric nmaterial are
non-conti guous, and 20 the edges of the second el ectrode and the second

porti of th ecqond diel ectric terial are non-contiguous. 39. The
appar%]us of 6Zi mq%é,ap?%?ql%%ﬁd%%ﬁgfwgf’rﬁ& a first spacer over the first
el ectrode t hatth€@peast the File cRIBRR a6 HRABstFRHAM Alihe BB Bedricecond spacer
over the second electrode that contacts the phase change material and is

separ at edmpiF#hareropianpandspatigioupyndmeallsl io-the dirrsienspiicc di st ance. 40. The
appar at us of %@éc{%ggf hODRLE] Redile bhd S s&lof& FQ%GE 8f t}e%&%ﬂh ggg%girca first

address |ine and e second electrode 1's coup secon ess line.
30 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.
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29. LATERAL PHASE CHANGE MEMORY AND METHOD THEREFOR Abstract Briefly, in
accordance with an enbodi nent of the invention, a |ateral phase change
nmenory and a nmethod to manufacture a phase change nenory is provided. 5
“The et hod may include formng a conductor material over a substrate and
patterning the conductor material to formtwo el ectrodes fromthe conductor
material, wherein the two electrodes are separated by a sub-1lithographic
. di stance. The nethod may further include form ng a phase change materi al
between the two electrodes. FIG 4 30 ii 1=,

LATERAL PHASE CHANGE MEMORY AND METHOD THEREFOR
Abstract
Briefly, in accordance with an embodiment of the invention, a lateral phase
change memory an.d a method to m.anuf.acture a phase change memory is provided.
5  The method may ‘include forming a conductor material over a substrate and patterning
the conductor material to form two electrodes from the conductor material, wherein the
”J two electrodes are separated by a sub-lithographic distance. The method may further

include forming a phase change material between the two electrodes.
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