PHASE CHANGE MEMORY AND METHOD THEREFOR BACKGROUND Phase change nenory
devi ces use phase change naterials, i.e., materials that nay be

el ectrically switched between a generally anorphous and a generally
crystalline 5 state, for electronic nenory application. One type of nenory
el ement 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 local order across the entire spectrum between conpletely anorphous and

conpletely crystallinepgt | I A i r such
application include thggé\a%ﬁ?ﬁﬁm%x@%@ﬁ&ﬁﬁﬁﬁﬁéh t@géﬁ:&@@nt s. The
state of B&&@ﬂm@hange materials are also non-volatile in that, when

set in e talline, sem-crystalline, anorphous, or sem -anorphous
state representing a resistance value, that value is retained until reset

as that_val uePhaspchargd memgrpaieeices usbyiagalchahat endtbrialBei a1piratéridls fhatg. |
crystalline or anorphous). 15 A phase change nenory cell may conprise a
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‘may affect the yield or reliability of the device. 20 Thus, there is a
gg\r/\it 1: ggi ¢hpngeguatenial tiat enayabe, ineps application, a;lﬂatlrillptsaziteh:e«t betvggemanor y
'structural state of generally amorphous and generally crystalline local order or between
= different detectable states of local order across the entire spectrurﬁ between completely
amorphous and completely brystalline states.

10 Typical materials suitable for such application include those utilizing various
chalcogenide elementé. The state of the phase change materials are also non-volatile
in that, when éet in either a crystalline,. semi-crystalline, amorphous, or semi-amorphous
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).

15 A phase change memory cell. may comprise a phase changé material disposed
on a dielectric material. However, some diélectric materials and phase change
materials rﬁay not chemically bond well together. 'As a result, the layer of phase
change material may peel during subsequent manufacturin_g of the phase change
device, which in turn, may affect the yield or reliability of the devic;.

20 Thus, there is a continuing need for alternate ways to manufacture phase

change memory devices.




1 BRI EF DESCRI PTI ON OF THE DRAW NGS The subject matter regarded as the

I nvention is particularly pointed out and distinctly clainmed in the

concl udi ng portion of the specification. The present invention, however,
both as to organi zati on and net hod of operation, together with objects, 5
features, and advantages thereof, may best be understood by reference to
*the followng detailed description when read with the acconpanyi ng
drawings in which: FIG 1 is a cross-sectional view of a portion of a
menory el ement during fabrication in accordance with an enbodi ment of the
present igm%,bggm—\ﬂ@-r@(@o@fggngm§ectional view of the structure of
FIG 1 at ' ' . 1 n accordance with an enbodi nent of
the present invention; FIG 3 is a cross-sectional view of the structure of
FIG 2 at a | dhersubjemyenatfer régdndedatsitbainventon & partisularip $®irted bubamd Vi ew
of the structure of FIG 3 at a |later stage of 15 fabrication; FIG 5 is a

Cross- segigtnemy ciairBdd H tHerludig Pd’:ﬁaoﬁfof'ﬁ{e%p iﬁﬁ@n! Btrfef Qé&@&q?%ti&n, £ at

fabrication; FIG 6 is a cross-sectional view o structure o
a later fi fabrication,. 20 FIG .7 is a crpss-sectional vijew of the
St ruct ur POBRVER ot A1 arpion g mistnoddlspefidn, igether with object,

5 features, and advantages thereof, may best be understood by reference to the following

detailed description when read with the accompanying drawings in which:

FIG. 1is a cross-sectional view of a portion of a memory element during
fabrication in accordance with an embodiment of.the present invention;
10 ~ FIG. 2 is a cross-sectional view of the structure of FIG. 1 at a later stage of
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 thé structure of FIG. 4 at a later stage of
fabrication; -
FIG. 6 is a cross-sectional view of the structure of FIG. 5 at a later stage of
fabrication;
20 . FIG. 7 is a cross-sectional view of the structure of FIG. 6 at a later stage of
fabrication; |

FIG. 8is a top view of the structure of FIG, 7 at the stage of fabrication illustrated

2 .




FIG 8 is atop view of the structure of FIG 7 at the stage of fabrication
illustrated 2. in FIG 7, FIG 9 is a cross-sectional view of the
structure of FIG 7 at a later stage of fabrication; FIG 10 is a
cross-sectional view of the structure of FIG 5 at a later stage of 5
fabrication in accordance with anot her enbodi nent of the present invention;
+FIG 11 is a cross-sectional view of the structure of FIG 10 at a later
stage of fabrication; FIG 12 is a cross-sectional view of the structure
of FIG 11 at a later stage of fabrication in accordance w th anot her

enbodi nment é %,he present invention; and 10 FIG 13 is a bl ock diagram
iIIustrat"i’rEg a'portion of a systemin accordance with an enbodi nent of the
present invention. It will be appreciated that for sinplicity and clarity
of illustratidiiG. 8lieasmoss-sédtionst viewed thenstraetufe ghF s havelatet stageebsari |y
been drawn to scale. For exanple, the dinensions of sone of the elenents
are exaggghidfdnf el ative to other elenments for 15 clarity. Further, where
consi dered appropriate, reference nunerals have been repeated anong the

figures to ingicatg.correspondi ng or anal ogous el enent s. TAI LED .
DESCRI PTI ON | %’@hiﬁf%f‘ |°6‘3ﬁ[ﬁ)§;e opah e ogﬁ&%f‘bﬁP%?{%%%}%a&%ég‘% ef
details are set forth in order to provide a thorough understandi ng of the
preséht falrigatipain areaveaaee with agotheriganbodiment of the present invention;

FiIG. 11 is a cross-sectional view of the structure of FIG. 10 at a later stage of
fabrication;
- FIG. 12 is a cross-sectional view of the structure of FIG. 11 at a later stage of
fabrication in accordance with another emboc_jiment of the present invention; and
10 FIG. 13 is a block diagram illustrating a portién of a system in accordance with

an embodiment of the present invention.

it will be appreciated that for simplicity and cla-rity of illustration, elements
itlustrated in the figures have not neceésari!y-béen drawn to scale. For exampl-e, the
dimensions of some of the elements are exaggerated relative to other elements for
15  clarity. Further, whefe considered appropriate, reference numerals have been repeated

~among the figures to indicate corresponding or analogous elements.

DETAILED DESCRIPTION

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
- 20 .understood by those skilled in the art that the present invention may be practiced

_ without these specific details. In other instances, well-known methods, procedures,




20 understood by those skilled in the art that the present invention may be

practic

met hods,

det ai |

ed without these specific details. In other instances, well-known
procedures, 3 conponents and circuits have not been described in
so as not to obscure the present invention. In the follow ng

description and clains, the terns "coupled" and "connected,"” along with
.their derivatives, may be used. It should be understood that these terns

are 5

not intended as synonyns for each other. Rather, in particular

enbodi ments, "connected" nay be used to indicate that two or nore elenments

are in

di rect S or, .electr I
may nean?HRPN '\7% "’lﬂda is bexgaet be%’ﬂ deserbedl ipgetaih$ry 3 Ot tpb ﬁﬂ“é%f'% cal

cal contact with each other. "Coupl ed"

contact. However, "coupled" may also nean that two or nore elenents are
not in dpmsent mwehtmt. wWith each ot her, but yet still co-operate or 10
interact with each other. FIGS. 1-9 may be used to illustrate one

enbodi nment oflntthg fhaih

may be

YesSiptRin

ahd
used to 1| ustra?e anot her lr,;%odl ment to nman
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cture rrermry ‘el ement
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of the

present invention is not limted in this respect Clher swtable

subs®r atrel intepded asmnoay@siort eadmothed Rethesuibgrarticuwar embodigantai n cerami ¢
material, organic material, or a glass material. A reducer material 120 of,

in one

10

15

20

eubaécrent may beehseattontica’s Blat 8id bEee BlShents are in direct physical or

electrical contact with each other. "Coupled” may mean that two or more elements are

~ in direct physical or electrical contact. However, "coupled" may also mean that two or

more elements are not in direct contact with each other, but yet still co-operate or
interacf with each other.

FIGS. 1-9 may be used to illustrate one embodiment of the fabrication of a
memory element 100 and FIGS. 10 and 11 may be used to illustrate another
embodiment to manufacture memory element 100. What is shown in FIG. 1is a
substrate 110 such as, for example, a semiconductor substrate (e.g., a silicon
substrate), although the scope of the present invention is not limited in this respect.
Other suitable substrates may be, but are ﬁot limited to, substrates that contain ceramic
material, organic material, or a glass materia_l‘

A reducer material 120 of, in one embodiment, a refractory metal silicide such
as, for example, a cohalt silicide {CoSi2) may be formed over a portion of substrate

110. Reducer material 120 may be formed on top of either a P+ or N+ doped junction

that either could be part of a diode or a source/drain region of a MOS transistor.

In the embodiment illustrated in FIG. 1, reducer material 120 may be formed over




as, for exanple, a cobalt silicide (COSi 2) nmay be formed over a portion of
substrate 20 110. Reducer material 120 nay be forned on top of either a P+
or N+ doped junction that either could be part of a diode or a source/drain
region of a MOS transistor. In the enbodinent illustrated in FIG 1,

reducer material 120 may be forned over 4 a P+ region 101, which maybe
.formed over a N region 102. Regions 101 and 102 nmay forma PN diode. P+
region 101 nay be formed by introducing a P-type dopant such as, for
exanpl e, boron, in substrate 110. In one exanple, a suitable concentration

of a P-ty P Is.on the prder, of ahove .ab 1018 t ut 1x1020
at ons peraoﬁuﬁgg'c’eg@r yidlich wa tgﬁoﬁém@%‘/ef@ﬁ\? @9'%38%9 @9‘P8§éﬁf‘ ad0%p+.
region 102 nay be a CMOS N-well on a P-substrate wafer, an N-well of a
N- subst r #@Y {mea PNodiodeburied N+ - well / word line (e.g., BW in a diode
matrix array). Reducer material 120, in one aspect, may serve as a '

relatively | O\P#@@luﬁi 0T fha %f@rh@ﬂ'b@'miré‘dﬁdﬁ?g faq:b-fyﬂéaddﬁht %fjcﬂpﬁé |f@her al

CIrCUItry, e.dg., add ressmg CIrCUItry not shown i'n . Reducer

mat eri al terns _of fornmn nmen
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100, between a phase change materi al (no1;t3 shown in FDI G 1) and an isolation
devi ® offoPawyis &R thg arder efabovermbayt SK " tcabeutd x18“@toas, pasicubict r ansi st or

(not shown in FIG 1). 15 Reducer material 120 may be fornmed by introducing

a ref r actemtimetera(atbmsicm3); aividht thay beaeprespatdd anPef N rdsidn 408 ndabe a

CMOS N-well on a P-substrate wafer, an N-well of a N-substrate wafer, or a buried N-
~ well f word line (e.g., BWL in a diode matrix array).
Reducer material 120, in one aspect, may serve as a relatively low resistance
10 material in the fabrication of peripheral circuitry, e.g., addressing circuitry (not shown in
FIG. 1). Réducer material 120 is not required in terms of forming a memory element as
de.scribed, however, reducer material 120 may be included in memory element 100
between a phase change material (not shown in FIG. 1) and an isol'atioh device or _l
~switching device such as, for example, a diode, or a transistor (not shown in FIG.1).
15 Reducer material 120 may be formed by introducing a refractory metal (e.g., cobalt) into
a portion of substrate 110. |
Memory element 100 may also include shallow trench isolation (ST1) structures
125. STl structures 125 may serve to isolate individual memory elements from one
another as well as associated circuit elements (e.q., transistor devices) formed in and
20 onthe sﬁbstrate. In one embodimeént, STI structure 125 may be an oxide or silicon
.dioxide,.a-lthough the scope of the present invenﬁon is_not limited in this respect.
A cpnducﬁv_e plug 130 may be forme_d oVer[_ying _r_edug:_er mat_eria[__'12_0. _
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Menory el ement 100 may al so include shallow trench isolation (STI)
structures 125. STl structures 125 may serve to isolate individual nenory
el enents fromone another as well as associated circuit elenments (e.g.,
transi stor devices) fornmed in and 20 on the substrate. In one enbodi nent,
STI structure 125 may be an oxide or silicon dioxide, although the scope
.of the present inventionis not limted in this respect. A conductive plug
130 may be formed overlying reducer material 120. 5 Conductive plug 130
may serve as a relatively | ow resistance path to provide current to a

rogra r rial El.G

D Conace i EvEIgl 130 Rk SR R HRIEF ERLRLsEp AR PRl S 55
and an inner conductive material 136. Although the scope of the present

i nvent i or? PEOgRMMatle Mmateria), sUGhas a pbape shangmmatesial faefshawn nF8GHY be a
conductive material. Barrier material 135 may be titaniumnitride (TiN) or

t ant al um Gonductiee EIENI 30 Bandinciuty anmater i ahapdd barrieraateridN ¢35 and GWin®sr
copper (Cu). - A layer of insulating material 129 nay be forned over
subst r at gohddctivd FAel ( I )8

I nsul at| ng ITB.?(;I’I aa 12 1Bgndm2%8§€@p?évée& &t?é rﬁ%lt%en@fnﬂ?%?ér@%m’ted:
openi wherein . insul ati 129 s rrounds co duct lLve 130.
Eanpb os T TPHRE BT A IR0 9 hg SRENGON BRIIAIdBaRL RIS 135 o
| ow K d| electric material, although the scope of the present i nvent ion is
not | i m teay be ftarturs m@épe{&"tN) ok tardatum oitriden€lidNyt | Conduattiee insdtedidlol 3saypabde
formed overlying insulating materi al

tungsten (W) or copper (Cu).

- A layer of insulating material 129 may be formed over substrate 110. An

opening (not shown in FIG. 1) may be formed in insulating material 129, and conductive
10 plug 130 may be formed in this opening, wherein insulating material 129 surrounds
conductive plug 130. Examples of insulating material 129 may include an oxide, nitride,
or a low K dielectric méterial, although the scope of the present invention is not limited
in this respect.
A layer of insulating material 140 may be formed overlying insul_ati'ng métérial
15 129 and a portion of conductive plug 130. Insulating material 140 may be an
~ electrically insulating material. Insulating rﬁateria! 140 may also be a thermally
insulating material. Examples of insulating material 140 may include an oxide, nitride,
or a low K dielectric material, although the scope of the present invention is not limited

in this respect. Insulating material 140 may have a fh-clr 'ranging from about
- 20 500 angstroms {A) to about 3,000 angstroms, although the scope of the present

invention is not limited in this respect.

Turning to FIG. 2, a hole or opening 150 having sidewalls 155 may be




15 129 and a portion of conductive plug 130. Insulating material 140 may be
an electrically insulating material. Insulating material 140 nay al so be a
thermally insulating material. Exanples of insulating material 140 may

i nclude an oxide, nitride, or alowK dielectric material, although the
scope of the present invention is not limted in this respect. Insulating
.material 140 May have a thickness ranging from about 20 500 angstrons (A
to about 3,000 angstromns, although the scope of the present invention is
not limted in this respect. Turning to FIG 2, a hole or opening 150
havi ng si dewal|s 155 may be 6 fornmed by etching insulating material 140.
Openi ng foumadpyoeiching wselatingtrmatrsial 148 t Goagingt HeO stmpbe 6f vielns apiresent
invention is not limted in this respect. In one enbodi nent, opening 150

may be f altedghshegdobetct thelesantihcemtish ischehlihRed M GhRSespsctan exanpl e,
openi ng 150 nmay be formed by applying a |l ayer 5 of photoresist material

(not shown) on. i | terl osing. t.his h resi

material to | ?T;F?B é%ﬁ %@%%b?ﬁéﬂhaﬂl@n&ﬂ%@b@éE%rggﬁc%s'ggpo&agogtt&% %lsdehzé agfieas
of the photoresist material, which defines areas to be renoved, i.e.,
etched. €THeIRATVPAYRS, HE 3D examplcarrenide, 15Pineay hayoreed bvesnrldng @ layen wet
etch. O, the etch.may be an electrolytic or plasma (ion bonbardnent)

et ch,5 whiof Iphotyrebist I8ateeihik ot dhbevrg wrairdulatieigaiatdrial A endestposing thishe
etch may be an anisotropic etch wusing a dry plasma etch, although the

scope Of bhbifefise odtbribMERIHOMA iIfadlOindt! SHoWGY mh{ dellised 65 B%5dse ddieRENI NY
150 is fornmed using photolitlhographic techniques, "the -
areas of the photoresist material, which deAfines areas to be removed, l.e., etched.
~ The etch may be a chemical etch, which may be referred to as a wet etch.  Or, the
etch may be an electro[ytic or plasma {ion bombardment) etch, which may be
10 referred to as a dry etch. In one embodiment, the etch may be an anisotropic etch
using a dry plasma etch, although the scope oft the present invention is not limited
in this respect. If opening 150 is forméd using photolithographic techniques, the
diameter or width of opening 150 may be at least one feature size.
The feature size of a structure may refer to the minimum dimension
| 15 a_chievabfe us_ing photolithography. For e>.<ample, the feature size may refer to a
width of a material or spacing of material-s in a structure. As is understood,

photolithogréphy refers to a process of transferring a pattern or image from one

medium to another, e.g., as from a mask to a wafer, using ultra-violet {UV) light.

20  limitations 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 25600 angstroms. In this
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di aneter or width of opening 150 may be at | east one feature size. The
feature size of a structure may refer to the m ni num di nensi on 15

achi evabl e usi ng photolithography. For exanple, the feature size nmay refer
toa wdth of a material or spacing of materials in a structure. As is
understood, photolithography refers to a process of transferring a pattern
or image fromone nediumto another, e.g., as froma mask to a wafer,

vusing ultra-violet (W) light. The mininumfeature size of the

transferred- attern may be limted by the 20 [imtations of the UV |ight.

D stances, sizes, or dinmensions |less than the feature size may be referred
to as sulgxemmtegr aphilthagrephincdistansiezusy refer do mefestweshaviig a widiieif desssone
structures may have feature sizes of about 2500 angstroms. In this 7

exanmpl e, tAasdbolit DISOY aRddteordsst ance may refer to a feature having a width
of |l ess than about 2500 angstrons. Several techniques nmay be used to

achi eve sub-1i | 6. di i t . Of: ._present

i nvention is r%ep Q%I%Q&e@q%lgﬁ?ggp%g get@!t%(:ﬂﬁ%ts%é}bgﬁw?&gﬁﬁ'&%erngﬁogét ron beam
l'ithogr a%i%, or x-ray lithography may be used to achi eve sub- |ithographic
di mensi ofdhorgh ¢he seoprathihe araseitinvantiays pet lnitedindhis respectvphage shift

| it hography technique using a beam of electrons to expose resist on a

waf'ers Xetasyk, elddtiorgbephyithayrapbleor kaaq likhddraghpphacberusedss dahieve sub-
transferring patterns to a silicon wafer in which the el ectromagnetic

o STBEEPAR Ao B Sk 80 8142 0 st
fithography 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
_ wafer in which the electromagnetic radiation used is X-ray, rather than visible
10  radiation. The shorter wavelength for X-rays _(e.g., about 10-50 angstroms, versus
about 2000-3000 angstroms for ultra-violet radiation) may reduce diffraction, and
may be used to achieve feature sizes of ébout 1000 angstroms. Also, sidewall
spacers may be used to achieve sub-lithographic dimensions. FIG. 2 may be used
to illustrate the use of sidewall spacers 160 to achieve sub-lithographic dimensions.
15 FIG. 2 depicts the structure of FIG. 1, through the same cross-sectional
view, after forming optional sidewall Spar-;ers 160. In one embodiment, sidewall

' spacers 160 may be formed along sidewalls 175 of a hard mask material 170. The

distance between sidewalls 175 may be one feature size and may be formed using

20 -depositing a layer of material in the space between sidewalls 175 and patterning this
-material using a dry etch such as, for example, an anisotropic etch.

The distance between sidewall spacers 160 may be_s_u_b-lit_hographic. After )

8




about 2000- 3000 angstrons for ultra-violet radiation) may reduce
diffraction, and may be used to achieve feature sizes of about 1000
angstrons. Al so, sidewall spacers may be used to achi eve sub-Ilithographic
dinmensions. FIG 2 may be used to illustrate the use of sidewall spacers
160 to achi eve sub-lithographic dinensions. 15 FIG 2 depicts the structure
cof FIG 1, through the sane cross-sectional view, after form ng optional
sidewal | spacers 160. In one enbodi nent, sidewall spacers 160 may be
formed along sidewalls 175 of a hard nmask material 170. The distance
bet ween sidewalls 175 may be one feature size and may be forned using
phet ol r t satpveghspacars 1@ hret feciedy ire sne Sntiukiinens paeehsr AMiotrapichetchanagpd
by 20 depositing a layer of material in the space between sidewalls 175 and
pat t er ni j Lal oS < . f :

B8 dstcto fBPEA el @ Hlbingh SbSiithrahic cﬂém%égrr:rﬁgg’r edinple,

ani sotropic etc et wee ewal [¥ spacers

sub-lithographic. After .8 sidewal| st rs 160 are forned, in one.
anbodi rmefll P"Eﬁmw'%ﬂs@ﬁw@ana fe?ker&'aﬁﬁ@% Bay eqp%tr%f:ﬁh'\éﬁt&%wgg B50
havi ng a sub-1ithographic diameter. For exanple; in one enbodi nent,

i nsul at i ateching egeat tHat(s welecbive snichahab phe atdhjine bgretdstopis reg, an prasecyeng
agent that is selective such that the etching agent stops at, or preserves,

5 compuctbN@udivIpld0138\S ANMNEhNn FFigL. 2,2theté\%hﬁ1;0%wgﬁeﬁ%rx§b%9§ aPREBRS A
portion of conductive plug 130 through opening I50. In one aspect,

mat or' al O 200LT Pl T TRy B Ghorlit ik o PiE et oSy it aeq
t he di aneter of opening 150 nay be. ,
may serve to reduce the quantity of electrode material (180 shown in Fig. 3)
~ formed in opening 150. In one embodiment, .the diameter of opening 150 may be
less than about 1000 angstroms, although the scﬁpe of the present invention is not
10  limited in this respect.
Although the scope of the present inyention is not limited in this respect, hard
mask material 170 may be polycrystalline silicon, amorphous silicon, or silicon nitride.
Hard mask material 170 may have a thickness ranging from about 1,000 angsfroms
to about 3,000 angstroms, although the scope of the present invention. is not
15  limited in.this respect. Sidewall spacers 160 may be formed from a variety of
materials such as, for exa_mpte, poly_ or ar—nbrphous silicon, ;iiicon nitride oxide, or

oxide nitride.

It should be pointed out that the use of sidewall spacers 160 to form opening 150

~
>

| 20 mentioned above, may be used to form opening 150, wherein opening 150 may have a
. sub-lithographic diameter. Or, in alternate embodiments, opeﬁing 150 may be formed

- using photolithographic techniques and may therefore, have a diameter of greater than




| ess than about 1000 angstrons, although the scope of the present invention
is not 10 limted in this respect. Al though the scope of the present
invention is not limted in this respect, hard mask material 170 nay be
pol ycrystalline silicon, anorphous silicon, or silicon nitride. Hard mask

‘material 170 may have a thickness ranging fromabout 1,000 angstronms to

about 3,000 angstrons, although the scope of the present invention is not
15 limted in this respect. Sidewall spacers 160 may be forned froma
variety of materials such as, for exanple, poly or anorphous silicon,
silicon nitride oxide, or oxide nitride. It should be pointed out that the
use of sidi&muel tasghruonefeature sz m opening 150 is not a limtation of the
present invention. Qher sub-lithographic nethods as 20 nenti oned above,

may be used t &FiGoBHosteaes nddry wlh@itn OO efiehdhd 28nfEYn A AP cdition of an
sub-1lithographic diameter. O, in alternate enbodi nents, opening 150 nmay be

f d ' i hi ' . h f.
i et or Rt iafedd 1 B08 shBANG AUERIRIA0TENG L BhFaRET a0 TR 5
i |l ust ragﬁiagg}r;%;ge el enent. 100 after the conformal deposition of an

electrod ergdmplitied; bis ugtratpa raemenaplement a0 iwithpergither 150
(FIG 2). FIG 3 has been sinplified by illustrating nenory el enent 100
wi t hdut eidelel!l Spasiedei@i0 oshardemask Gateriahd7d aresibsequest & tHe/ fenedval of
subsequent to the renmpval of materials 160 and 170 . Spacers 160 or hard
mask nat gidtatials ABABKIOE70 . Spacers 160 or hard mask material 170 may be
selectively removed using, for example, an etch or a chemical-mechanical polish
~ (CMP). As discussed above, some embodiments may use sidewall spacers 160 to
form opening 150 (FIG. ‘2), and other embodiments may not use sidewall spacers to
10  form opening 150.

In one embodiment, electrode material 180 may be a layer of carbon or a
semi-metal such as a transition metal, including but not limited to titanium, tungsten,
titanium nitride (TiN), titanium aluminum nitride (TIAIN), or titanium silicon nitride
(TiSiN). As an example, electrode material 180 may be formed with a chemica!

15  vapor deposition (CVD) process, however, the scope of the present invention is not
limited by the particular process used to form electrode material 180. It should also

be understood that alternative processes may be used to form electrode material

180.

20  may be subjected to a planarization that removes a portion of electrode material 180
- and possibly a portion of insulating layer 140. Suitable planarization techniques may
include a chemical or chemical-mechanical polish (CMP) technique.

10




sel ectively renoved using, for exanple, an etch or a chem cal - mechani cal
polish (CWP). As discussed above, sone enbodi nents nay use sidewal |
spacers 160 to form.opening 150 (FIG 2), and other enbodi nents may not
use sidewall spacers to 10 form opening 150. In one enbodi nent, el ectrode
material 180 may be a |ayer of carbon or a sem -netal such as a transition
metal, including but not limted to titanium tungsten, titaniumnitride
(TiN), titaniumalumnumnitride (TiAIN), or titaniumsilicon nitride
(TiSiN). As an exanple, electrode material 180 may be fornmed with a

chem cal 15 v?__por deposition (CVD) process, however, the scope of the
present i nvenfilGnd ilkistrates therstiusturb\showe ip&iGi S aftar rqmnamzémathbrtuf form
el ectrode material 180. It should also be understood that alternative

pr ocesseg|dtipdBeneael 180%;5&%@6? EIRERO ﬁhﬁ&éﬁal 1868Ray Ee'réﬁwr@@b

i ntroduction of electrode material 180, e structure s omn In 5 3 0 20

ater' o PREPSH Y SeduPhff B fBn’ B onk elitingnl Zaetin gt nilth RE°

pl anari zation techni ques may i ncl ude a chem cal or chem cal - mechani cal
pol i sh (ON)be exrnenesligsingOfor example, a- CMP. process.- - It should alse-be understoBdG. 4

illustrates the structure shown in FIG 3 after renpval of a portion of
el ecty odehaTadiRrhative BbcelsB9hidPBe Use8 8 GEMRYE BéRITHAGT diBBtrBBY nfefignoved

by
180. For example, a blanket etch may be used to remove portions of efectrode
material -180.
- | FIG. 5 illustrates memory element 100 after the removal of portions of insulating
material 140. In one embodiment, insulating layer 140 may be recessed or etched back
10 to expose a portion of the sidewalls of electrode matérial 180. .En one embodirﬁent,
approximately 1000 to about 3000 angstroms of insulating layer 140 may be removed
using a wét or selective etch back, e.g., a selective oxide etch diluted with hydrofluoric
acid (HF)}. Alternatively, a dry etch may also be used. Electrode material 180 at
this stage of processing may be referred to as a lance structure or a pillar structure
15 and may‘ serve as a lower electrode of memory elemeﬁt 100.
FIG. 6 illustrates the structure of FEG. 5 at a later stage of %abrication. FIG. 6

- illustrates memory element 100 after the conformal forming of an insulating

material 210 on a top surface of insulating material 140, along the sidewalls of

20 words, insulating material 210 may be formed surrounding and contacting an upper
portion of electrode material 180.

_ lh_sulating_ material 210 may be a electrically and/or thermally insulating material

11




patterning or segnenting material 180. In one enbodi nent, a portion of
material 180 may be renoved using, for exanple, a CW process. It should
al so be understood 5 that alternative processes may be used to renove a
portion of electrode material 180. For exanple, a blanket etch nmay be used
to'renove portions of electrode material 180. FIG 5 illustrates nenory
_element 100 after the renoval of portions of insulating material 140. In
one enbodi nent, insulating |ayer 140 may be recessed or etched back 10 to
expose a portion of the sidewalls of electrode nmaterial 180. In one

enbodi nent, approximately 1000 to about 3000 angstrons of insulating |ayer
140 may Iseich@sofes@xanyilacaroxide, @ nitkdg, eclomié disledtrip awkeria, gny othes eglativelye
oxide etch diluted with hydrofluoric acid (HF). Alternatively, a dry etch

may al so Ik tivsrathily Bopatiemaemardred,i tlani@dhed relaivdy fdwaerceically eeedgsdtivg may
be referred to as a |l ance structure or a pillar structure 15 and may serve

as alo .ectL . I an ELG: '

St uct ur PR hoaSuRh pRRERAN 8 HHTBE NPtp PrYing slechitgh SEURR et . o
menory el enent 100 after the conformal form ng of an insulatin mat eri al
210 on a'sApiosier sameny gladenti 90 g Usiagean E‘ISU@%OQ matsigl tprﬁélr@uag\ﬁéﬁqt@d& .
~electrode material 180, and on a top surface of electrode material 180. In
ot her5 20 180 misy inchsageathierafficiener dfahe@boy eleynent 100rdmithgproganmdingy famther,
contacting an upper -portion of electrode material 180. Insulating material

210 may B&ing £ Rshifatifg rhateAIhSE ndDRISREY higRINEAAIMSUTRERS plpertibs may
increase heating efficiency (e.g., reduce heat loss) and- may reduce the amount of
~ electrical current used ‘during programming of memory element 100.
The thickness and the technigue used to formed insulating iayer-210 may be
10  selected depending on the desired characteristics of memory elemeht 100. Inone
' embodiment, insulating material 210 may have a thickness ranging from about 500
angstroms to about 2,500 angstroms, although the scope of the present invention
is not limited in this respect. in-one embodiment, insulating material 210 may be
formed using a low pressure chemical vapor deposition (LPCVD) or plasma enhanced
15 - chemical vapor deposition (PECVD) process.
A’aner of a material 220 may be foﬁned overlying insulating layer 210. Material

220 may be an electrically conductive or a thermally conductive material. Material 220

may serve as an adhesive material suitable for adhering to a phase change material

rrad tn ae an adhaciva
[ AW Iy SV w e Al D

1
!

1 300 in FIG. 9), an

(&.g., phase change ma
20 material, adhesive layer, or a glue layer in such applications. In this example where
material 220 serves as an adhesive layer, the type of material used may be selected-

depending on the phase chase material used in memory element 100. Using a s_uitabl_e

12




such as, for exanple, an oxide, a nitride, a low K dielectric material, any
other relatively lowthermally conductive material, or any other
relatively low electrically conductive material. Insulating nmaterial 210
may be used to provide electrical and/or thermal isolation for nenory

el ement 100. Using an insulating material to surround el ectrode 5 180 may
_increase the efficiency of nenory el enent 100 during programm ng. Further,
using an insulating material that has relatively high thermal insulating
properties may increase heating efficiency (e.g., reduce heat |oss) and

may reduce the amount of - electrical current used duri ng &‘ro%;amﬁl nrg of
memor y -ePEhesive rorteriaHe handwie e pivpe Hiandednategabmay sadues aay Riplerns

insulating | ayer 210 may be 10 sel ected depending on the desired
char act ewitbtpessdingf Imtn®apsetcenefivhatedal 220) the phaserbhdnge material sudadiraudly
material 210 may have a thickness ranging fromabout 500 angstrons to

about. 2. SORRPARLIAE mAH AP i S ARDR LIS B holiBNSE hiafdhial B3onot

limted rn this res n one enbodi ment, insulati'ng materi 210 may be

formed using | ow pressure chem cal vapgr deposition ((LPCVD) or, plasma
enhanced 16 c A HAIE208Y HEHRRYS PO RS PROUBR SrasEatanelq thbicd ghdraiel

mat eri al. 220 may be forned overlying insulating |ayer 210. Material 220
may e adistirbqirobleald hetweetadjacant oreraonytalemantsy Tweroat dislwbrpmoblemsimay
Material 220 may serve as an adhesive material suitable for adhering to a

LS S A Y et erco g e R AR larg ) 37
adhesi ve | ayel il 18 pfcGnb Ph&Ee CRandis haReRdI i fid Mitnorl Riddkst if*RRP! € where
- exlamplé, an amorphous state. Due to scaling of memory devices where the distance
, __between memory elements is reduced, during heating of the target memory element,

10  unselected memory elements adjacent to the target memory element méy also be
heated. Over time, this inadvertent heating of the adjacent unselected memory
elements may cause the unselected memory elements to change states erroneously.
As stated above, thermal disturb problems may be reduced by providing material 220 at
an appropriate thickness to serve as a thermal ground plane. Increasing the thickness

15  of material 220 may improve thermai dissipation, thereby impfoving the thermal
isolation between adjacent memory elemeﬁts.

Examples of material 220 may include materials comprising polysilicon or
titanium, although the scope of the claimed subject matter is not limited in this respect.
The thickness and the téchniqu el -séd to formed material 220 may be selected
20 depending on the desired characteristics of memory element 100. In one embodiment,

"~ material 220 may have a thickness ranging from about 200 angstroms to about

2,_5_0_O angstroms, although the scope of the present invention is not limited in this
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material 220 serves as an adhesive |ayer, the type of material used may be
sel ected depending on the phase chase material used in nenory el enment 100.
Using a suitable 12 adhesive material to bond with the phase change
material may reduce any problenms wth peeling. In the absence of material
220, the phase change material may directly contact insulating material
.210 and may not bond sufficiently to insulating material 210. Material 220
may al so serve an as a thermal ground plane to reduce thermal 5 disturb
probl ems between adjacent menory el ements. Thermal disturb problens nmay

ari se when a target o ect ed nor, | ement i s repeatedly heated durlng
or ogr ammTFRPEES. Hi 288 GRD Cb B BRI 7R e be fosmachiesing Ay SeLYRRRT

for exanple, an anorphous state. Due to scaling of nmenory devices mhere

t he di st dapesitibe(ReB), LREMDyors EHECWI precassduced, during heating of the
target nenory el enent, 10 unselected nenory el enments adjacent to the target

menory el efTenFl(Hﬁ’Z’llI%bﬁQteEQheEﬁﬁb@ﬁe of ¥ RS, 6 bftBr relitval | na&saf%%dmﬂg ng of

t he adj acent unsel ected nenory elenents nay cause t e unsel ected nenory
el enent s, n rone sI : ,shated above,  ther disturb
probl ens’ %@'yﬂ;@ "‘&ga%%@dﬁ rtiPB\ﬂ ﬁm@f?gb 3RPTYPN Qgﬁ Sﬁ'b?"ga?“%te

t hi ckness to serve as a thermal ground plane. Increasing the thickness 15

of mét er maiterkal (R Hyandhp movton lod efedtratiessiaperidl 80 triayr oy & spbstantighy he
thermal isolation between adjacent nenory el ements. Exanples of materi al

220 may plaahdeerfagé @502l In @ABRINISOdISeRO thS strliSPRe 8howh it AIG Wmal dhough the
scope of the clained subject matter is not limted in this respect.
subjected to a planarization process such as, for example, a CMP process, that
~ removes portions of electrode material 180, insulating material 210, and material 220.

As is seen in FIG. 7, portions of materials 180, 210, and 220 may be removed to

10  expose a portion of electrode material 180. Turning briefly to FIG. 8, what is shown is a
top viéw of memory element 100 at the stage of manufacture illustrated in FIG. 7.
In the embodiment illustrated in FIGS. 7 '\aﬁd 8, material 220 may surround an upper
portion of electrode material 1807 and may be separated from electrode material
180 by insulating material 210.1 In addition, insulating material 210 méy surround
1.5 and contact an upper portion of the sidewalls of electrode material 180.
FIG. 9 illustrates the structure shO\;\rn iﬁ FIG. 7 after forming a programmable
material such as, for example, a phase change material 300 on planar surface 250.
As is illustrated in FIG. 9, phase chang‘e_ material 300 may overlie and contact a
ortion of material 220, a porticn of insulating matéria! 210, and 3 pos
20  electrode material 180.
Examples of phase change material 300 fnay include, but are not limited to, R

_Chalcogenide eiement(s) compositions of the class of tellurium-germanium-antimony

14




The thickness and the technique used to forned material 220 nmay he sel ected
20 depending on the desired characteristics of nenory el enent 100. In one
enbodi mrent, rmaterial 220 may have a thickness rangi ng from about 200
angstrons to about 2,500 angstrons, although the scope of the present
invention is not limted in this 13 respect. In one enbodi nent, materi al
220 may be fornmed using a physical vapor deposition (PVD), LPCVD, or a

" PECVD process. FIG 7 illustrates the structure of FIG 6 after renoval of

portions of materials 180, 210, and 220. A portion of the material 220, a
portion of the insulating 5 material 210, and a portion of electrode

mat er i al (TEXGay®pz) oraterdal onl@GaShikd alldyg, ammrthe scobpe of f50presenbimeention is
enbodi ment, the structure shown in FIG 6 may be subjected to a

pl anar i zag If?ﬁ‘ifé%f t‘b‘iﬁ§tsth§§§hAﬁéfnaftQélyeéﬁémE?Phés% Rfeoh@tstial WAt be G€sPVeS

portions of electrode material 180, insulating material 210, and materi al

emoved ¥ sseel%f‘e@i{mierogempfe%'%?%a%fge [ Pisas eianeea o R aeig B arT,

to FIG 8, what is shown is a top view of nenory el enent 100 at the stage .
of manufemergy such aesfor exathpie) Ilghtaheat arreledidcal ebtréntrenn ang exbpdimenti n
FIGS. 7 and 8, material 220 may surround an upper portion of el ectrode

mat'esi al pHeQ EHithgeBYalkPiaPSOB Fad\eRavd 8ThRkAESS AHRIME M aboliBA Soyarigiswnas i ng
mat er i aI 210. In addltlon i nsul at| ng rrat erial 210 may surround 15 and

contact B0SRIET sBRl 4o Phs B RUIEIE Lopi o ERTHaBR TGt hR, T1 e ©
limited in this respect. In one embodiment, pha_se change material 300 may be
~ formed using a PVD process.
After forming phase change material 300, a barrier material 310 may be formed

10  overlying phase change material 300 and a conductive material 320 may be formed
overlying barrier material 310. Barrier material 310 may serve, in one aspect, to
prevent any chemical reaction between phase-change material 300 and conductive
material 320. Although the scope of the present invention is not limited in this respect,
barrier material 310 may be titanium, titanium nitride, or carbon, and conductive

1? 5 material 320 may comprise, for example, aluminum. Barrier material 310 is an optional
fayer. In alternate embodiments, conductiv'e material 320 may be formed overlying
phase cha_nge material 300.

Conductive material 320 may serve as an address line to address and program

20 referred to as a bitline or column fine. Reducer material 120 may also serve as an
'address line to program phase change material 300 and may be referred toas a

wordline or row Iine; Although not shown, electrode material 180 may be coupled to an

15




materi al such as, for exanple, a phase change material 300 on planar
surface 250. As is illustrated in FIG 9, phase change material 300 may
overlie and contact a portion of material 220, a portion of insulating
material 210 and a portion of 20 el ectrode material 180. Exanpl es of
phase change material 300 may include, but are not |limted to,
~chal cogeni de el enent (s) conpositions of the class of

telluriumgermani umantinony 14 (TexGeySbz) material or GeSbTe all oys,
al t hough the scope of the present invention is not limted to just these.
Al ternatively, another phase change material may be used whose electrica
properti ascéss devicesich as)de) examplee acliatygedtransistag hvid hedugep matatialdi20o0f
energy such as, for exanple, light, heat, or electrical current. In one

enbodi Meffhe FRcRERGEVIEd 188 berefred08 4%yn RBMRIOA deVide Weét%ia@?of gom
about 150 angstrons to about 1,500 angstrons, although the scope of the

present | néeﬁlt i %n is not limted in this respect. In one enbodi nent, phase
change natEr Y §6'ﬁemay be forned using a PVD process. After form ng phase
change material 300, a barrier material 310 may be fornmed 10 overlying
phase change Rengeainaing®d phade xhapaduvetevigl 380dpi alter3be staie pephagmetithe
overlying barrier material 310. Barrier material 310 may serve, in one

aspest, fRtednl %@ﬁbe%ﬁoﬁ?ﬁ?@h@@'b\/ﬂﬁﬂﬁih@W%@Waﬁﬂﬁ@&&&@mtmtrﬁéﬂeﬂal 300

and conductive material 0. Although the scope of the present invention

5% DB Bab PR LI pHRR BRI R kR P
may be transferred to electrode material 180 via conductive plug 130. For
~ example, a voltage potentiél difference of about five volts may be applied across
the phase change material 300 and a bottom portion of electrode 180 by applying
10  about five volts to conductive material 320 and about zero volts to the bottom
portion of eIectmdeAmateriaI 180. A current may flow through pﬁase change
- material 300 and électrode.'1,80. in response to the applied voltage potentials, and
may result in heating of phase change material 300. This heating and subsequent
cooling ray alter the memory state or phase of phase change material 300.
15 During programming, insulating materials 140 and 210 may provide electrical
and thermal isolation and material 220 rn.ay serve as a thermal ground plane as

discussed above.

Memory element 100 shown in FIG. 9 may be referred to as a vertical phase

20 material 300 between upper and lower electrodes. It should be noted that memory
~efement 100 may also be referred to as a memory cell and may be used in a phase
' change memory array having a plurality of memory__elements_ __1 00 fo_r storing
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15 material 320 may conprise, for exanple, alum num Barrier material 310
Is an optional layer. In alternate enbodi nents, conductive nmaterial 320
may be formed overlying phase change material 300. Conductive material 320
may serve as an address line to address and program phase change materi al
300 of menory el enment 100 Conductive material 320 may be 20 referred to
.as a bitline or colum line. Reducer material 120 may al so serve as an
address line to program phase change material 300 and may be referred to as
a wordline or row line. Although not shown, electrode material 180 may be
coupled to an 15 access device such as, for exanple, a diode or transistor,
via redubdpPrmatieni al 120. The access device may al so be referred to as an
i sol ation device, a select device, or a swtching device. Programm ng of

phase change medtaet @inbd@finérits ainkttory BRnsémt180hap Baskraigdddiffelentipbrg i al
may be acconplished by applying. voltage potentials to conductive materi al

materal MO d"%['ﬁ [ere Al syt @i Pl Beibint ofbhe Sl e iy ve

pl ug 130, ‘:or exanpl e, a voltage potential difference of about five volts
may be alSplaiieq siuF %S REFP SRl ciiten e meader essing ocuitity ) a abot i shewdibs on
of electrode 180 by applying 10 about five.volts to conductive nateri al
320 &nd wirarstopdtisattbbtabseoce loétHusbtaempotstis aot afintlatiohroddee a&tpymfahe 180. A
current may flow through phase change
present invention.
The embodiment of memory element 100 illustrated in FIG. 9 provides a self-
~ aligned adhesive layer offset from a raised bottom electrode by an insulating spacer.
FIG. 10 illustrates the structure of FIG. 5 at a later stage of fabrication in
10 - accordance with another embodiment for manufacturing memory element 100. In this
embodiment, insulating material 210 may be patteed using, for example, etching
technigues, to form spacers 21 0A along the sidewalls of electrode material 180. After
forming spacers 210A, material 220 may be formed overlying insulating material 140,
spacers 210A, and the top surface of electrode material 180.
15 - FIG. 11 ilustrates the structure of FIG. 10 after the removal of portions of
materials 180, 210A, and 220. A portion of the material 220, a portion of spacers

210A, and a portion of electrode material 180 may form a planar surface 250. In

one embodiment, the structure shown in FIG. 10 may be subjected to a planarization

20 material 180, spacers 210A, and material 220. In another embodiment, an etching
--process may be used to form planar surface 250. After forming pianar surface 250, a

| phase change materlai may be disposed on planer surface 250
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material 300 and el ectrodeS 180 in response to the applied voltage
potentials, and may result in heating of phase change nmaterial 300. This
heati ng and subsequent cooling may alter the nenory state or phase of
phase change material 300. 15 During programrng, insulating materials 140
and 210 may provide electrical and thernmal isolation and material 220 may
.serve as a thermal ground plane as discussed above. Menory el enment 100
shown in FIG 9 nmay be referred to as a vertical phase change nenory
structure since current may flow vertically through phase change 20

mat eri al SOO-Eﬁémggn per and | ower electrodes. It should be noted that
nenory el enent®i "Wég’aﬁﬁsstbeﬁémpgﬁélsh@dnt"&f@ bl aEebi9rreiagla BrRYraRyNaide
used in a phase change nenory array having a plurality of menory el enents
100 for stareriabsdéh anfforrxairgle, a bhadé bran@hRAEMETMGO ofgslenar QlrtarnN25000
may be arranged differently and include additional layers and structures.

For exam?i&s lllust@%gt?ﬁ FigShhabhest %péﬁ?&é‘}na{téﬁétﬁé@%:@f RUGHH R cBifth err al

circuitry (e.g., ressing Circuit ood
t hat the absenc of t. zﬁgelenents s not g limtation of the scope of the

present PRURSR PEMate ofiPRETeN of Sﬁﬁ?ﬁf?yz@%rn@?ﬁ ajgtiop|off'eefede in FIG

9 provides a self- aligned adhesive |ayer offset froma rai sed bottom
el ectd odenasgriaini 8Os Aferiforning pbese change miedeiidl 1308 adizedet iatesial 0 miay bé
FIG 5 at a later stage of fabrication in
formed overlying phase change material 300 and a conductive material 320 may be
formed overlying barrier material 310. |
- Turning to FIG. 13, a portion of a system 500 in accordance with an embodiment
of the present invention is described. System 500 may be used in wireless devices
10  such as, for example, é personal digital assistant (PDA), a laptop or portable computer
- with wireless capability, a web tablet, a wireless telephone, a pager, an instant
. messaging device, a digital music player, a digital camera, or other devices that may be
adapted to transmit and/or receive information wirelessly. System 500 may be used in
any of the following systems: a wireless local area network (WLAN) system, a wireless
15  personal area network (WPAN) system, or a cellular network, although the scope of the
present inve.ntion is not limited in this res;)éct.
System 500 may include a controller 510, an input/output -(l/O) device 520 (e.g. a
keypad, display), a memory 530, and a wireless interface 540 coupled to each other via
a bus 580, "should be noted t
26 embodiments having any or all of these components. |

Controller 510 may comprise, for example, one or more microprocessors, digital

- signai processors, microcontrollers, or the fike. Memory 530 may be used to store
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10 accordance wi th another enbodi nent for manufacturing nenory el ement 100.
In this enbodinent, insulating material 210 nay be patterned using, for
exanpl e, etching techniques, to form spacers 210A al ong the sidewal | s of
el ectrode material 180. After form ng spacers 210A, material 220 may be
formed overlying insulating material 140, spacers 210A, and the top
~surface of electrode material 180. 15 FIG 11 illustrates the structure of
FIG 10 after the renoval of portions of nmaterials 180, 210A, and 220. A
portion of the material 220, a portion of spacers 210A, and a portion of

el ectrode material 180 may form a planar surface 250. In {Tg)r?dl nme
t he strudbefsagehbmAsmittad  orly WfﬂéoguM%P@@%Qﬁ@%@'ﬁ%&ﬂ'?@ﬁ iﬁ"gcess

such as, for exanple, a CWVP process that renoves portions of electrode 20

mat eri al td 8fre fpAetisn d araegdecree biy abn2aker 510 durivighite wrdratibmeigystem
etching process may be used to form planar surface 250. After form ng

I ( , a?g'ed t R ?fﬂ'B
EU?PZEGS?@gaﬁqd]a%@&éaﬁé)@ﬁf&of@ es E{{%eﬁ@tﬂ% {%pemgx%l |§E%F((t3& 11 after
formng a ro ranmabl e paterial such-as, for ex hase ch
mteri &l "BNGIBPS 84O Y2 567 exa@ples MAMeR o iRy GoMEE 4 WoalRas o

change materl al 300 may overlie and contact a portion of material 220, a
porti®n ofersprydeny HE0s raaddmeagqeess imemary), ¢l rot-vodiesmemasy isuch 28@ flasht er
form ng phase change material 300, a barrier material 310 nmay be forned

over | yi Negndh&§ il WBha%e Bharfe %@Qmwﬁnaa ifENIBECA nvsOBL Slehzht 8déh agfobe

formed overlying barrier materi al
example, memory element 100 iltustrated in FIGS. 9 or 12.

- I/O device 520 may be used by a user to generate a message. System 500 may
use wireless interfaf;e 540 to transmit and receive messages to and from a wireless
10 communication network with a radio frequency (RF) signal. Examples of wireless
interface 540 may include an antenna olr a wireless transceiver, although the scope of
the present invention is not limited in this respect.
Although the scope of the present invention is not limited in this respect, system
500 may use one of the following communication air interface protocols to transmit and
15  receive messages: Code Division Multiple Access (CDMA), cellular radiotelephone
communication systems, Global System for' Mobile Communications (GSM) celiular |
radiotelephone systems, North American Digitél Cellulér (NADC) cellular radiotelephone
"systems, Time Division Muiltiple Access (TDMA) sys{ems, Extended-TDMA (E-TDMA)

istems like Wide-band CDMA

20 (WCDMA), CDMA-2000, or the like.

While certain features of the invention have been illustrated and described
_herein, many modifications, substitutions, changes, and equivalents will now oceur to
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Turning to FIG 13, a portion of a system 500 in accordance with an

enbodi nent of the present invention is described. System 500 nay be used
in wireless devices 10 such as, for exanple, a personal digital assistant
(PDA), a laptop or portable conputer wth wireless capability, a web
tablet, a wireless tel ephone, a pager, an instant nessaging device, a
.digital nmusic player, a digital canera, or other devices that may be :
adapted to transmt and/or receive information wirelessly. System 500 rmay
be used in any of the follow ng systens: a wireless |ocal area network
(WLAN) system a wireless 15 personal area network (WPAN) system  or a

cel | ul ar thesesiled It SifgHt Ehieseigpe fggetlmerqa@@@ that thegeRended plisimpere
limted in this respect. System 500 may include a controller 510, an

i nput / oufrpentddd foQovae all sech 2odificagions anlehpades di $all aithin the tresemspiritz8aheand
a wreless interface 540 coupled to each other via a bus 550. It should be
not ed thﬁwehﬁﬁmscope of the present invention is not limted to 20

- enbodi ments having any or all of these conponents. Controller 510 may
conprise, for exanple, one or nore mcroprocessors, digital signal
processors, mcrocontrollers, or the like. Menory 530 may be used to store
18 nessages transmtted to or by system 500. Menory 530 may al so optionally
be used to store instructions that are executed by controller 510 during
t he operation of system 500, and nmay be used to store user data. Menory
530 may be provided by one or nore different types of nenory. For exanple,
menory 530 may conprise a volatile 5 nenory (any type of random access
menory), a non-volatile nenory such as a fl ash

20




menory and/ or a phase change nenory that includes a nenory el enent such as,
for exanple, nenory elenment 100 illustrated in FIGS. 9 or 12. |/ 0O device
520 may be used by a user to generate a nmessage. System 500 may use
wireless interface 540 to transmt and receive nessages to and froma

wirel ess 10 communi cation network with a radi o frequency (RF) signal
Examples of wireless interface 540 nmay include an antenna or a wreless
transcei ver, although the scope of the present invention is not limted in
this. respect Al t hough the scope of the present invention is not limted in
this respect, system 500 may use one of the follow ng conmunication air
interface protGdaiins to transnmit and 15 receive nessages: Code Division

Mul tiple Access (CDMA), cellul ar radiotel ephone communi cation systens,

G obal System for iq [I?U(fB s (GSM cel lular radiotel ephone
systens, Nort h‘El Arre?/lp‘@ar?%s gita n@% IEﬁ]ar (NADC) cel lul ar radiotel ephone
systenms, Tinme Division Miltiple Access (TDMA) systens, Extended- TDVA

(E- TDMVRA) cel Iﬁ"?ﬁe‘?@gpotel ephone systens, third generation (3G systens
| i ke Wde-band CDMA 20 (WCDMA), CDMA-2000, or the like. Wile certain

f eat ures of t han adbesivé oratersle been il lustrated and described. herein, many
nodi fi cations, substitutions, changes, and equivalents will now occur to

19 those skil |@d!diébthé‘ﬁ13@éﬁal ﬂeftwéén tHe @SR} Land hdS 9kl WRErINS

appended clains are intended to cover all such nDdl |ca¥|ons and c%anges
as fall vl BL Aok e AdnSsivPinatdriad o por% ion 0?¥heen:tj;]ef)ec'tric material, and a portion of the

}} electrode form a substantially planar surface: and

a phase change material on the substantially planar surface over and contacting the

electrode, the adhesive fnaterial, and the dielectric material.

2. The apparatus of claim 1, wherein the dielectric material contacts a

portion of a sidewall of the electrode. .

3. The apparatus of claim 2, wherein the adhesive material surrounds a
portion of the electrode and is separated from the electrode by the dielectric

material.

4. The apparatus of claim 1,
wherein the adhesive material comprises polysilicén or titanium;
wherein the electrode comprises titanium, tungsten, titanium nitride (TiN),
" .tita_r.ﬁu_m_ aluminurh nitride (TiAIN), or titanium silicon nitride (TiSiN); and

wherein the dielectric material comprises an oxide, a nitride, or a low k dielectric -

2




20 Cainms 1. An apparatus, conprising: an electrode; an adhesive
material; a dielectric material between the el ectrode and the adhesive
material, wherein a portion of the adhesive material, a portion of the
dielectric material, and a portion of the electrode forma substantially
planar surface; and a phase change material on the substantially planar
surface ,over and contacting the electrode, the adhesive nmaterial, and the
‘dielectric material. 2. The apparatus of claim1, wherein the dielectric -
material contacts a portion of a sidewall of the electrode. 3. The
apparatus of claim2, wherein the adhesive material surrounds a portion of
t he el ect rmedderialnd i s separated fromthe electrode by the dielectric
‘material. 4. The apparatus of claim 1, wherein the adhesive materi al
conprises polysilficon or titanium wherein the el ectrode conprises
titanium tungsten, titaniumnitride (TiN), titaniumalumnumnitride
(TTAIN), or ti%ani um silicon n|tr| de (TiSiN); and wherein the dielectric
material . conpPi ses!8® 3gRAtRUS gf ¢l 1 gwhergin the phase ehangscmeterial pomprises a

~ chalcogenide material.

6. The apparatus of claim 1, wherein the electrode is coupled to an address

£, .
‘é..‘l,}’} -+ line.

7. The apparatus of claim 1, further comprising a conductive material over

the phase change material.

8. The apparatus of claim 7, wherein the conductive material comprises

aluminum.
Ty
; —;“ - .
A 9. An apparatus, comprising:

an electrode mateﬁal;‘
a conductive material:
an insulating material between the e[e‘ctrode material and-thé'éoﬁductive
~ material, wherein a portion of the conductive material, a portion of the insulating
material, and a portion of the electrode material form a substantially planar surface; and
‘a programrﬁable material on the substantially planar surface over and contacting the
'_electrqde nﬁate-ri_a[é, thé cond’uéti’v_e material, and the insulating material. |




material. 5. The apparatus of claim11, wherein the phase change materi al
conprises a chalcogenide material. 6. The apparatus of claim1l, wherein
the electrode is coupled to an address line. 7. The apparatus of claiml,
further conprising a conductive nmaterial over the phase change materi al
8. The apparatus of claim 7, wherein the conductive nmaterial conprises
alum num 9. An apparatus, conprising: . an electrode material; a .
‘conductive material; an insulating material between the el ectrode material
and the conductive material, wherein a portion of the conductive material,
a portion of the insulating nmaterial, and a portion of the el ectrode
material forma substantially planar surface; and a programmabl e materi al
on the substantially planar surface over and contacting the electrode

terial, the gondugtd ' Bl i i ' kAl 22 10.
The appat at us - cl B o ghey AR wholSi 8 Lol PR Tt i compmices

polysilicon ar titanium 11. The apparatus of claim9, wherein the
progranna‘?)élgs’(‘%'b?'?ﬁﬁnﬁ“@'a phase ‘

11.  The apparatus of claim 9, wheréin the programmable material is a phase

change material.

12.  The apparatus of claim 9, wherein the conductive material serves asa

thermal ground plane.

13. . The apparatus of claitn 9, wherein the insulating material surrounds and

contacts an upper portion of the eléctrode material.

14. The appartatus of claim 9, wherein the insulating matérial contacts a

porti_on_ of a sidewall of the electrode material.

15. . The apparatus of claim 9, wherein the conductive material surrounds an
upper portion of the electrode material and is separated from the electrode material

by the insulating matefial.

16. A method, comprising:
L forming an adhesive material surrounding a portion of an electrode;
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change material. 12. The apparatus of claim9, wherein the conductive
material serves as a thermal ground plane. 13. . The apparatus of claim?9,
wherein the insulating material surrounds and contacts an upper portion of
the electrode material. 14. The apparatus of claim9, wherein the
insulating material contacts a portion of a sidewall of the electrode
material. 15. The apparatus of claim9, wherein the conductive nateri al

surrounds an upper portion of the electrode material and is separated from .

the electrode material by the insulating material. 1.6. A nethod,
conprising; formng an adhesive material surrounding a portion of an

The ol octfode 1o o0k BaceotBRES Haosi R Rigtel ald AR b B R cfirBleld 21 T

material hetween the adhesive material and the el ectrode; and formng a
phase chaf§BOFae &N %{}Eﬁle\;“r"ﬁ@ ntl contacting the adhesive material, the

insulating material and the el ectrade. 17. The nethod of . claim 16 erein

Femovi ng ur ¢ 1IN PskATng BroAA Feimed g uieve meteial andihe slestioees and

18. The net hofjorr%fingcéi"il)'hg?séL %haﬁgg %%{tgriél%r\pg\r/liriﬂ dngicéo%?aeain%sthggdd%egﬁgrpngt?alriél, the
insulating material and the electrode.

P

A
e’

17.  The method of claim 16, wherein removing further comprising removing a

- portion of the insulating material.

18.  The method of claim 17, wherein removing includes using a chemical-
mechanical polish- (CMP) to remove portions of the adhesive material, the insulating

material, and the electrode.

19. . The method of claim 17, further comprising etching the insulating material

to form a spacer prior to removing a portion of the insulating material.

20.  The method of claim 16, wherein removing includes removing portions of
- the adhesive material, the electrode, and the insulating material to form a substantially
- planar surface and wherein forming a phase change material includes forming the
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mechani cal polish (CWP) to renove portions of the adhesive material, the
insulating material, and the el ectrode. 19. The nethod of claim 17,

further conprising etching the insulating material to forma spacer prior
to renmoving a portion of the insulating material. 20. The method of claim
16, *wherein renoving includes renoving portions of the adhesive material,
the electrode, and the insulating material to forma substantially planar
surface and wherein form ng a phase change material includes form ng'the 24
phase change material on the substantially planar surface. -21. The nethod
of claim 16, further conprising: formng an opening in a dielectric

mat er i al ; Phase shagge hetetia ar thdsubstantialiyoplenangurfzved renovi ng a portion of
the dielectric material so that a top surface of the electrode is above a
top surface of the dielectric material. 22. The nethod of claim 16, wherein
formng the insulating material further includes formng the insulating
material Qyer a,to urface.of .the el-ectrode and on a portion of a

si dewal | g : thzh@"g%‘ﬁ%&’ c 1%5\‘@%‘?%@: an adhesive material includes
form ng the adhesive material overlying the insulating material, wherein

t he adhesive &ming an openingiarcalieléclriicanaterial; el ectrode by the insul ating.
material. 3 1 23. A system conprising: a processor; -

- forming the electrode in the opening; and

removing a portion of the dielectric material so that a top surface of the electrode

Mo’
’

is above a top surface of the dielectric material.

22, The method of claim 16, wherein forming the insulating material further
includes forming the insulating material over a top surface of the electrode and on a
portion of a sidewall of the electrode and wherein forming an adhesive material includes
forming the adhesive material overlyi'ﬁg the insulating material, wherein the adhesive

material is separated from the electrode by'the insulating. material.

23, ' Asystem, comprising:

a processor;

a wireless interface coupled to the processor; and

a memory coupled to the processor, the memory _including:
an electrode;
‘an adhesive material;
a dielectric material between the e!ectrod.e and the adhesive material,

. wherein__a_porti’on of the gadhesive_ material, a portion of the dielect_ric mat_e_rials,_' .
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a wreless interface coupled to the processor; and a nmenory coupled to the
processor, the nmenory including: an electrode; an adhesive material; a
dielectric material between the el ectrode and the adhesive naterial,
wherein a portion of the adhesive material, a portion of the dielectric
material, 25 and a portion of the electrode forma substantially planar
surface; and a phase change material on the substantially planar surface
rover and contacting the el ectrode, the adhesive material, and the =~ °
dielectric material. 24. The systemof claim 23, wherein the dielectric :
materi al. contacts a portion of a sidewall of the electrode. 25. The system
of clai m24, whadeiportitre ofithizesiesteodeaformi abutsstantiilp gtarfi? subREETamPr ti on of
the electrode and is separated fromthe el ectrode by the dielectric.

reverial 26 T SapRest thanbe HBiey HESLELENS, AMEL IR Aly |

selected froma group consi ectrica thermal |y
conductive. 27, The.syste f claim23, wherein the adhesive materjal is
sel ected f ron?%tﬂ?mﬂvﬁ'@ﬁgﬁgqcfemg‘%?éh e maternal, gndhedlielertyie materigher mal 1y
conductive. 28. The method of claim 16, wherein the adhesive material is
selected froma group consisting-of: electrically conductive and thermally
conducti ve. : ’ .

24.  The system of claim23, wherein the dielectric material contacts a

portion of a sidewall of the electrode.

25,  The system of claim 24, wherein the adhesive material surrounds an

upper portion of the electrode and is separated from the electrode by the dielectric

material.

26. The apparatus of claim 3, wherein the adhesive material is selected

from a group consisting of: electrically conductive and thermally conductive.

27. The system of claim 23, wherein the adhesive material is selected

2 3 from a group consisting of: electrically conductive and thermally conductive.

28, The method of cl‘aim 16, wherein the adhesive material is selected

from a group consisting of: electrically conductive and thermally conductive.




26 ABSTRACT PHASE CHANGE MEMORY AND METHOD THEREFOR Briefly, in accordance
with an enbodi nent of the invention, a phase change nenory and a nethod to
manuf acture a phase change nenory is. provided. The phase change nenory nay
include an el ectrode, an adhesive material, an insulating material between
the el ectrode and the adhesive material, wherein a portion of the adhesive
.material, a portion of the insulating material, and a portion of the

el ect rodeaB§TRAGR substantially planar surface. The phase change nenory may
further inclTude a phase change nmaterial on the substantially planar

f d contact i | de. the adhesi terial. and th
fﬁ;uf‘gfl no mater gl "9 bR sE AN MENIBRIPARD METHOS THtrefos e

Briefly, in accordance with an embodiment of the invention, a phase change
memory and a method to manufacture a pﬁase change memory is;provide&. The
" 5 phase change memory may include an electrode, an adhesive material, an insulating
material between the eleétrode and the adhesive material, wherein a portion of the
adhesive material, a portion of the insulating material, and a portion of the electrode
form a substantially pfanar'sqrface. The phase change memory may further include a
phase change material on the substantially planar surface and contacting the electrode,

10 the adhesive material, and the insulating material.

FIG, 7
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