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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wel.l .t og tEEgr. a result, the Iatyer f phase_ change material ma
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‘may affect the yield or reliability of the device. 20 Thus, there is a
gg\r/\it 1: ggi W{iﬁﬂg@dnafaﬁial that enanalve inape applicatios, 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.




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
structur Zﬁbgvgegﬁ&o%aago quaﬂzéfnogtag&emgwmf“i&pﬁﬁ%t{qnoFRQW@W pPRIegtS; op vi ew
of the structure of FIG 7 at the stage of fabrication illustrated 2.

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 .




in FIG 7; FIG 9 is a cross-sectional view of the structure of FIG 7 at a
| ater 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 | ater stage of
fabrication in accordance with another enbodi ment of the present invention;
and 10 FIG 13 is a block diagramillustrating a portion of a systemin
accor dance .t an enbodi rent of the present invention. It will be
appreciaﬁ@ hat for- sinplicity and clarity of illustration, elenents
illustrated in the figures have not necessarily been drawn to scale. For
exanpl e, the HRGrBriseamesHiectimal vewtdidhe beuetntes obF K. dkalm krtert stdge of at i ve
to other elenments for 15 clarity. Further, where considered appropriate,
ref er encqafvid®iont s have been repeated anpng the figures to indicate
correspondi ng or anal ogous el enents. DETAI LED DESCRI PTION I n the foll ow ng
det ai | ed descrd,at numer ou ecific,details ar et. forth in order to -
orovi de. -t hot Sut0 i e RLsrRgRoRey rE i st RRE ot Risnsteas ol t wi 1)
be 20 understood by those skilled in the art that the present i nvention
may b2 plakiicadied imacerrdanemudb anptharienebatiment of therprescamrmvmmoances
wel | - known net hods, procedures, 3

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 embodiment of the present invention; and

10 FIG. 13 is a block diagram illustrating a portion 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,




conponents and circuits have not been described in detail so as not to
obscure the present invention. In the follow ng description and clai s,
the ternms "coupled" and "connected,” along with their derivatives, my be
used. It should be understood that these terns are 5 not intended as
synonyns for each other. Rather, in particular enbodi nents, "connected" nmay
.be used to indicate that two or nore elenments are in direct physical or

el ectrical contact with each other. "Coupled" may nean that two or nore

el enents are in direct physical or electrical contact. However, "coupled"
may al so nean that twg or Eenents are not inh direct contact with
each ot h@?mpﬁﬂ?n%tnds@'murts@a\I%,ﬂ@F N gesarbadin slebalt sas Mok pbAURRINe FI Gs,
1-9 may be used to illustrate one enbodi nent of the fabrication of a
menory epmasent inkeftiamd FI GS. 10 and 11 may be used to illustrate anot her
enbodi mrent to manufacture nenory el enent 100. What is shown in FIG 1 is a

substrate 110 Mﬁg ton na

silicon 15 sult')itﬁ reg?@mgfa?ﬁgﬁﬁ ed gggﬁ%tg‘g t he %Pgée}gr??ta:}]ﬁvg?l@feodﬁec{s not

limted in thi.s respect Q her swtal ubstrate ut re not
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a glass material. A reducer material 120 of, in one enbodinent, a

r ef r &ct 01t intended sis| sysiodpms deheadsotheor Rsﬂmmhe),arﬂctdabambodirmerﬁis.de ( COsi 2)
may be formed over a portion of substrate 20 110. Reducer material 120 may

be for medofnRedten” Alaydid Hesd & ifdicate tNat AP BE mokd eldrdntshpé uedtr@@trpr@@iebﬂobe
part of a diode or a source/drain region of a MOS transistor. In the

enbodi mefl kbl iUt akSth Sadil Sihel: "EAMHSE mIPHE A Plhat 690 TPIndIE fthamd fyer

~ in direct physical 01; 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
10 interact 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

15 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 material.

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

20  110. Reducer material 120 may be formed on top of either a P+ or N+ doped junction
that either could be part Qf a diode ora sourcefdrain region of a MOS .transistor.

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




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

exanpl e, a suitable concentration of a P-type 5 dopant is on the order of
above about 5x1018 to about 1x1020 atons per cubic centineters (atons/cnB),
-which may be represented as P+. N region 102 may be a CMOS N-well on a
P-substrate wafer, an N-well of a N-substrate wafer, or a buried N - well
/ word line (e.g., BW in a diode matrix array). Reducer material 120, in
one aspect serve as .,a relatpvely | ow resista 0 mat rlal t he
fabri caticon 3?5'5&1.% G @?V@Glt %é)v&_r,a W‘%gﬁgg pRIoNs ¢ pQ/ a('ﬁ&tb?shovm
in FIG 1). Reducer material 120 |s not required in ternms of formng a
menory elneédbformes PNidiodei bed, however, reducer material 120 may be incl uded
in menory elenent 100 between a phase change naterial (not shown in FIG

1) and an i solpat eibri¢li afayBe fortel By iRGoAIRNNE S I it QLcig¥atet €, @
di ode, or a transelgstor notyq?sehomm |(rEJS|'| FIG1). g‘:LS ng(?l%cdebr%ar?at ecr:l al .120 may be

fomed el dngn %“é‘ﬁié%f?c't‘ D deliida sitgn shreai et R R Con

(STI)_structures 125. STI structures 125 may serve Lo I sol ate i ndividual
menory eAeR@M:is onvthmasder ofahava@bont Syl teabaiskxdDEtatamsi pesgubice| enent s
(e.g., transistor devices) fornmed in and 20 on the substrate. In one

enbodi neoentiredlers (atootsicra3 )] Mbickenal beasp@sedtedids Pirl IN psgiodi102 inttey, beht hough
the scope of the present invention is not limted in this respect.
CMOS N-well on a P-substrate wafer, an N-weli 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). Reducer 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 st:bstrate. In one embodimeént, STI structure 125 may be an oxide or silicon
'. .dioxide,.a-lthough the scope of the present invention is_not limited in this respect.
A cenductiv_e plug 130 may be forme_d oVer[_ying _tedueer materia[__'12_0. _

5




A conductive plug 130 may be fornmed overlying reducer material 120. 5
Conductive plug 130 may serve as a relatively |ow resistance path to
provide current to a programmable material, such as a phase change
material (not shown in FIG 1). Conductive plug 130 may include an outer
U-shaped barrier material 135 and an inner conductive material 136.

<Al though the scope of the present invention is not limted in 5 this
respect, barrier material 135 may be a conductive material. Barrier
material 135 may be titaniumnitride (TihD or tantalumnitride (TaN).

noul at i raoa apediug 330 TR e ¥R Aeh Yoo Do PEREE b o dfn g o

shown in FIG 1) may be fornmed in |nsul ating material 129, and conductive
10 pl ug 1%9f%§mﬁéat¥'%m?éan$inswh%Sé;ﬂ@ﬁﬁ@nghawaafr@t@nalrﬁ@@ﬂsghqwrgmrfaﬁeﬁbal 129
surrounds conductive plug 130. Exanples of insulating material 129 may

i ncl ude dborwkictiee phig 130 enay include lanveuterdil-ehaped barfatrasicsibl 13% bh@uanide
scope of the present invention is not limted in this respect. A layer of

and b por LrBLAd Slaidh 138 DLAGRRL SRl of e s AR ik hiodly 2
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|nclude an oxide, nitride, or alowK dielectric material, although the
scope of rmameb@it@mum nitide{TINJroritantatum hitride €lcaN)i er:rlrda.a:tweeretual 13tsmbatbieng
material 140 May have a thickness rangi ng fromabout 20 500 angstrons (A)
t o about wehd¥dh aVyoF E8Pper @ )hough the scope of the present
- 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 in_c!ude 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 thickn 'ranging from about
- 20 500 angstroms {A) to about 3,000 angstroms, although the scope of the présent

invention is not limited in this respect.

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




invention is not limted in this respect. Turning to FIG 2, a hole or
openi ng 150 having sidewalls 155 may be 6 formed by etching insul ating
mat eri al 140. Opening 150 nay be a via or a trench, although the scope of
the present invention is not limted in this respect. In one enbodi nent,
openi ng 150 may be formed using photolithographic and etch techniques. As
.an exanpl e, opening 150 may be forned by applying a | ayer 5 of photoresist
material (not shown) on insulating nmaterial 140 and exposing this
photoresist material to light. A mask (not shown) may be used to expose
sel ected areas of the photoresist material, which defines areas to be
renoved, fprraed by etgling irpHlatiegdnataiipl 140a Gheningal 5@ sy, bavsi Wik areytrpech,
referred to as a wet etch. O, the etch may be an electrolytic or plasm

(ion bonshdoghttheascohe ofhihelpregshtliavdftisrefsensElinfted 3§ tRisde¥p&dtch. 1 n one
enbodi ment, the etch may be an anisotropic etch wusing a dry plasm etch,

al t hough the . r i oo is nof limted i |
respect. |If ogrgﬁﬁﬁgﬁgﬁalﬂgerﬁbﬁéﬂhgsﬁrﬁr%% 0 %If?rfrheo F%\'Bﬁipch%qglé{r?r%é{pe@? aPHe
di ameter or width of opening 150 may be at | east one feature size. The

feat ure SIFLIRFNMUAUSS-uAsAREXR)PIcePBENING 5@ Manbenintraeddysirnlving a layer

achi evabl e usi ng photolithography. For exanple, the feature size may refer
to a 5wi df lphotorasishtreatesial brotshaeim groinsukaitieng mbterlah 1@ 0sand ekposing ARisi S
understood, photolithography refers to a process of transferring a pattern

or i MgephbfSiBE maBALLAY fightaNRUR&EK (ftSho riaaffﬂeaus%% EQ%cheV‘@Jlééted

using ultra-violet (W) light. The mninumteatufe size of t
transfer El%%_s oaftttl'n%r&'lon’%}{est?set %Iapérga?,dwwcﬁ ngines 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 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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20 limtations of the UV |ight. D stances, sizes, or dinensions |ess than
the feature size may be referred to as sub-lithographic distances, sizes,
or di nensions. For exanple, some structures nay have feature sizes of
about 2500 angstrons. In this 7 exanple, a sub-Ilithographic distance nmay
refer to a feature having a width.of |ess than about 2500 angstrons.
Several techniques may be used to achi eve sub-Iithographi c di nensions.

vAIthough t he scope of the present invention is not limted in this respect,

phase shift 5 mask, electron beamlithography, or x-ray |ithography may be

used to achi eve sub- |ithographic dinensions. Electron beamlithography may
refer toexagplecs subilitbogiaphitdistasteg may hefleque aufsiatgreshdyirgraoliddh edtdesms to
expose resist on a wafer. X-ray lithography nmay refer to a |lithographic

process fiean bbhals DBOU Aggsiadrher Nns to a silicon wafer in which the
el ectromagnetic radi ation used is X-ray, rather than visible 10 radiation.

The shorter ‘h f.or X Q. t - tr. . rsus
about 2000 3008 e e iRl aRiER, dtotta gt nbelibg BREE I Rhsigte
diffraction, and may be used to achieve feature sizes of about 1000

angst r om&ithaugh the seep@ el theqpasentdnvanjiopds netlimited wcthisswspraeth Phaseslyfaphi c
dinmensions. FIG 2 may be used to illustrate the use of sidewall spacers

160 tH aotdskyelestitorl bedodithphiaphd] 6ERFBPNshodraphy haybdepiedtts ddmewvet sutst ur e
of FIG 1, through the sane cross-sectional view, after form ng optional

oons! L ERAF e Mffeck o OCPAIERL i BLIRAS) oy 3R G WRGRY O
bet ween I?tlh%%\pala[.!ﬁlys ’celc7h5nir?ll.1El ugire*:goangegnelaotfuer!gct%iar%se 'coaggp(.[»Tsliayr»ebs(lastfc?nr ge vgafLé%i r3g-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




phet ol rt hographi c and etch techni ques. Sidewall spacers 160 may be forned
by 20 depositing a | ayer of material in the space between sidewalls 175 and
patterning this material using a dry etch such as, for exanple, an
ani sotropi c etch. The di stance between sidewal |l spacers 160 nay be
sub-1lithographic. After 8 sidewall spacers 160 are formed, in one
_enbodi ment, another anisotropic etch may be used to forman opening 150
havi ng a sub-Ilithographic dianeter. For exanple, in one enbodinent,
insulating material 140 nay be anisotropically etched using an etching
agent that is selective such that the etching agent stops at, or preserves,
5 conductsideval sgadsd.1 68 aehimnmedn ifFbge ebddimenrt, ciiioigeoasisatropit exhasay a
portion of conductive plug 130 t hrough opening 150. In one aspect,

i dewal | I t e
fr%t e(r:I i al ?180 fs%o‘a(ﬁ% ?\H%f:iﬁ V195(? g‘ra ﬁ??%:%g@hgfaa?ﬂglizgﬁtgﬂnef%nggﬁn Pﬂg
e di aneter of openin an abouy angst.rons
al t hough'™ RB® gie 'h'é'SB'PQEéHﬁaﬁ%\?gﬁapdﬁaVQGrﬂﬁ'SOtI‘eP‘F?'I'H Pighed ising on

respect. Although the scope of the present invention is not limted in this
respect , etehing agesk thedtis selectiv@ Guchythbe thwetahings taént stepsidti copresemaesphous
silicon, or silicon nitride. Hard mask material 170 may have a thickness

rangisg tenduchalbiul P96. FNOSAEWATN Hi. @bewtet%h%%@agﬁaﬁ%osaé bhgBnt he.

scope of the present invention | s not 15 limted’inthisr espect Si dewal |
spacer af ol SPAIESR TR A Yot WPRA, HENPendil oo
nitride. 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




It should be pointed out that the use of sidewall spacers 160 to form
opening 150 is not a limtation of the present invention. O her
sub-1ithographic nmethods as 20 nmenti oned above, may be used to form opening
150, wherein opening 150 may have a sub-lithographic dianeter. O, in

“al ternate enbodi nents, opening 150 may be formed using photolithographic

techni ques and may therefore, have a dianeter of greater than 9 or equal
to about one feature size. FIG 3 illustrates nenory elenent 100 after the
conformal deposition of an electrode material 180 over insulating materi al
140 and in opening 150 (FIG 2). FIG 3 has been sinplified by

illust ratqrr?@%ﬁ'{am Lgloé‘ﬁéﬁ@mm@’z\ﬁl thout either 5 sidewall spacers 160 or
hard mask material 170 or subsequent to the renoval of materials 160 and

170 . Spacer s FI803diustedtesmstorpieRmait ﬂd@amym@coﬁ%rﬁ%ud@omrowmv@rd
using, for exanple, an etch or a chem cal mechani cal polish (CWP).

di scusse [ spacer.s

pent ng. LS5t R RO LR EY, HBf Bl 1YY rﬁgeeg'ralﬁiﬁﬂgpziers to
10 form n n eenb di ment , electrode material 180 may be a

| ayer of EE(ST b@% cl)t?eeé‘ S‘EHﬁi?'eHEti lustrafing nemepalemersnl QR weithoytrithedi ng but
not limted to titanium tungsten, titaniumnitride (TiN), titanium

al um&uwﬁmalkj@a(cﬁrs\ﬂl@p omhartdi inask unateriki t20 arisubisdguektTicStHY rerGvalf
exanpl e, electrode material 180 may be formed with a chem cal 15 vapor

0epo | PRGN a1 e Tugal 14 0P RRREYAL ACBEETID DR O 'S0,
I't shoul Qeigl:t?\?ely removed using, for example, an etch or a chemical-mechanical polish
~ (CMP). As discussed above, some embodiments ma;/ use sidewall spacers 160 to
form opening 150 (FIG. ‘2), and other embodiments may not use sidewall spacers to
10  form opening 150.

In ohe embodiment, electrode material 180 may be a layer of carbon or a
semi-rﬁetal such as a transition metal, including but not limited to titanium, tungsten,
titanirum 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 materiai 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




be understood that alternative processes may be used to form el ectrode
material 180. Follow ng introduction of electrode naterial 180, the
structure showmn in Fig. 3 0 20 may be subjected to a planarization that
renoves a portion of electrode material 180 and possibly a portion of

I nsul ating | ayer 140. Suitable planarization techniques may include a

chem cal or chem cal - nmechani cal polish (CwW) technique, 10 ---- - - --- -
---------- - --- ------ FIG 4 illustrates the structure shown in FIG 3

after renoval of a portion of electrode material 180. A portion of

el ectrode material 180 may be renoved by patterning or segmenting material
180. | n one efili3d# ilustrates therstiushurefshownen FHE. 3 &fter remyovzd of aoviash ofsi ng,

for exanple, a CMP process. It should al so be understood 5 that alternative

pr ocessesg|dbihdBenitaridl 180." ﬁrﬂafﬁo@op@:@areab Riat&i4f9BOGHSyY B‘gtrgmb%d bg80- For

exanpl e, a bl anket etch may be used to renove portions o l ectro

mat eri al 0. .Fl G 5|IIustra el enent, 100, afte

portionsP é €Nifg, P L3ePeMing Bl %{I'a[qggo ]Xﬁnﬁr‘?@ 3?%@&0&'? EP??‘? h%qbgyer
140 may be recessed or etched back 10 to expose a portion of the sidewalls
of el ect Msyebarearapveas usieg. for examples rbGHiFRIoCessppit skiboit alsy bE0dBerstoakout
3000 angstrons of insulating |ayer 140 may be renmpbved using a wet or

sel'ed i VehattdierRagke pfodbssed nsd) sstusw t@%ﬁx%v@tacaomdn%meéiewrbhe mysteakl uori c
acid (HF). Alternatively, a dry etch may al so be used. El ectrode rraterlal

180 at 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
y 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




this stage of processing may be referred to as a |l ance structure or a
pillar structure 15 and nmay serve as a | ower el ectrode of nenory el enent
100. FIG 6 illustrates the structure of FIG 5 at a | ater stage of
fabrication. FIG 6 illustrates nmenory elenent 100 after the conform
formng of an insulating material 210 on a top surface of insulating
_material 140, along the sidewalls of electrode material 180, and on a top
surface of electrode material 180. In other 20 words, insulating material
210 may be forned surroundi ng and contacting an upper portion of electrode
material 180. Insulating material 210 may be a electrically and/or

t her mal | yuch$sl foriexgmpde ean axide,1a niidsh adow K dielestdapraieriainaox pther relatively
nitride, a low K dielectric material, any other relatively low thernally

conduct i V@w tRdraidilconducymatdiRl, dreingldtNel YelbBvelglRe bldcaally condsltivbi ve
material. Insulating material 210 may be used to provide electrical and/or

thermal | at i f 4 n Usi | | lal to
surround ”ﬁ@h réﬁ%lgﬁﬁ%gﬁgg{ﬂi@pﬁﬁ%éeﬁgdéﬁ%@ﬁgﬁgiﬁcﬁﬂg%@gte- errtlient 100
during pr_o?r anmm ng. Further, usi n% an insul ating material that has

rel ati velsplatiggrior mamery gla@enti YogUsingrit insulating ynaterigh tesroyadelgdrode
~efficiency (e.g., reduce heat 1oss) and may reduce the anmount of -

el ects i cdBOangy mcteaseettiedfiiciencyoiagemony aignadnt te0aying programmd@. Firther,

t hi ckness and the technique used to forned insulating |ayer 210 may be 10

sel ect ed, dRenhagiARg MifeSthh et SRARRN PR E g indPARiY pRPBARRIMAP0. In

one enbodi frent, 1 nsufating materi a have a t s 'rangi ng from

g?ggten? OP L Sltbéﬁq{r% éfﬁci%ggyl(] Ee.s.’, ?gguc%qgggtrlc?sqﬁ ’an?!hl r%gs(() lrjgc;]uc;[eqﬁe%(fr?oouerlt %% the

~ 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
!

ial 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. U_sir_xg a s_uitabl_e

12




is not limted in this respect. In one enbodi nent, insulating material 210
may be formed using a | ow pressure chem cal vapor deposition (LPCVD) or

pl asma enhanced 15 chem cal vapor deposition (PECVD) process. A layer of a
material 220 nay be fornmed overlying insulating |ayer 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 (e.g.., phase change material 300 in Fig. 9) and nay
be referred to as ..n adheS|ve (e.g. Jvv iil FIG Oa may 20 material,
adhesi ve | ayer, or lue layer in such applications. In this exanple where
mat eri al aﬂiz@swemetena tohpnevidia threphaspeshanorametpsial meyragess any e nEerﬂiy be
sel ected depending on the phase chase material used in nenory el enment 100.
Usi ng a swhtpddliag. 12 tleslbbsénce afehaterial 220 the pHave thatdee materss nudadicgetly
material may reduce any problenms wth peeling. In the absence of materi al

220, t he phase; n%geagﬁ <FBRal 8l nﬂ’éyfr?&tqdﬁd SARGEH ﬂorlﬁ N8ling thall@idt 1)

210 and rmay ot | Cl ent i nsu atl ng mat Mat eri1 al 220
may al so serv ther mal round pI red c f 5.di Sta:fra
probl ems bet e %"%Iagr?é‘rﬂ ”ﬁgi' grayn o‘?%‘?% 66 1Realyy

ari se when a target' or sel ected nenory el ement is repeatedly heated during
pr ogramiisturb@roblece bhétweshaxfacamhmemonytaleinahtsof Theraahdisturp problemstmay,
for exanple, an anorphous state. Due to scaling of nenory devices where

g e R TR LS demeefentay oibaivg O 11S,
menory e %@?a%mqaé/ tc‘;"plsa%et{ﬁe phase change material of the memory element in, for
- example, 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 mey 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 elemeets.

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.
. bed 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 thicknes_s ranging from about 200 angstrome to about

2,_5_0_O angstroms, although the scope of the present invention is not limited in this
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heated. Over time, this inadvertent heating of the adjacent unsel ected
menory elenents may cause the unsel ected nenory el enents to change states
erroneously. As stated above, thermal disturb problens nay be reduced by
providing material 220 at an appropriate thickness to serve as a therma
ground pl ane. Increasing the thickness 15 of material 220 may i nprove
.thermal dissipation, thereby inproving the thermal isolation between

adj acent nmenory el enents. Exanples of nmaterial 220 may i nclude materials
conprising polysilicon or titanium although the scope of the clained

subject matter is not lim.ted in this respect._  The thickness apd the
Cechni quESTREES: (13 oG smkediean; BRtoe) 2287 mebs el ng 2queiedl YaPSn ¢ he
desired characteristics of nenory el enent 100. In one enbodi nent, nateri al
220 may Hapesition (PYRAIRCYBNgi aPECMpabeass. 200 angstrons to about 2, 500
angstrons, although the scope of the present invention is not limted in

this 13 respefiG. ¥ MusitatedThe dtriBite of RIGI8 aerdehdTBY oPfortiBhEBfmatdris 2
physi cal vapor deposition (PVD), LPCVD, or a PECVD process. FIG 7

illustra Str ure of. Fl 6 after val af paortiqgns of materials
180 210! BTG 28 46 Anhionionng ateirl 28553 doron Gt he honiating
insulating 5 material 210, and a portion of electrode material 180 may form
a sutdst amaiterialy2 1@ andhe poutiemod els0rodenmaneriat i@t nraynformt asubstantially e shown
in FIG 6 may be subjected to a planarization process such as, for

exanpl e, plan&MELIFE6E 059, UThahe dreFBYIRRNRANE sROSWAE sBORR T PHS. eRif el 180,
I nsulating material 210, and material 220. As is.seen in FIG- 7, portions

of mat erd Hiscrtfi%% afhinafdioh %905@5 RSP ahtble, 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

nrrtiam ~F Farial 200 vt H H H +1 ~Ff
portion of material 220, a porticn of insulating material 210, and a perticn of

20  electrode material 180.
Examples of phase change material 300 may include, but are not limited to, b
_Chalcogenide eiement(s) compositions of the class of tellurium-germanium-antimony

14




10 expose a portion of electrode material 180. Turning briefly to FIG 8,

what is shown is a top view of nenory elenent 100 at the stage of
manuf acture illustrated in FIG 7. In the enbodinent illustrated in FIGS. 7
and 8, material 220 may surround an upper portion of el ectrode materi al

180 and may be separated from el ectrode material 180 by insulating materi al
210. In addition, insulating material 210 may surround 15 and contact an

" upper

illustrates the structure shown in FIG 7 after form ng a progranmabl e
material such as, for exanple, a phase change material 300 on pl anar
surface EXxGeySbz) matérialsr GaSald alldysGaltifughithe scopand tharptasenhinveaimisy
overlie and contact a portion of material 220, a portion of insulating

mat eri al n@t%%i@é&ﬂtoﬁugﬁh%%%nP&%maﬁ@@!y?éﬁ&tﬁépﬂﬁaéﬂa&%ﬂ | mbfltial R BY GSed !

phase

chal cogenj de e] epent (s) co sitions of,the,.clgss of : L

Lol ur - hgee FleG ianeror © & Aogines) B35 e Aianaes) thpue b APPIFFRNO!

al though the scope of the present invention is not limted to just these.
Al t er naténargy suaheshfor exheaple, dighh deaher eleciticabeyrrsst. usladnepdbedierestt r i cal
properties (e.g. resistance) may be changed through the application of

ener gy Spidtedhan@makaaPEe0 mdyhive BRIcknBEs RIrRfidd Fomh abBlt @50 arldgst@nes
enbodi ment, 5 phase change naterial 300 may have a thickness ranging from

. b | th . ¥ f th
o esent PriBi b Cosanghrorn e g g, BRI R L PR A EBE I Rk phase

change material 300 may be formed using a PVD process.

about

10

15

20

portion of the sidewalls of electrode naterial 180. FIG 9

change mat er’i I ncl ude, but are not lTimted to,

limited in this respect. In one embodiment, phase change material 300 may be

~ formed using a PVD process.

After forming phase change material 300, a barrier material 310 may be formed
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
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

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




After form ng phase change material 300, a barrier material 310 may be
formed 10 overlying phase change material 300 and a conductive nmateri al
320 may be fornmed overlying barrier material 310. Barrier material 310 may
serve, in one aspect, to prevent any chem cal reaction between phase
change material 300 and conductive material 320. Although the scope of the
_present inventionis not limted in this respect, barrier material 310 may
be titanium titaniumnitride, or carbon, and conductive 1 5 material 320
may conprise, for exanple, alumnum Barrier material 310 is an optional

| ayer. In alternate enbodi nents, conductive material 320 may be forned
over | yi ngccessadevicchsunheasydoreexarhpld) 8 dinoltican sigonatiz rediced ptatedsl 126 ve as
an address line to address and program phase change material 300 of nenory

el ement 1AQ Jepaeiighiive rrl‘%ﬁaﬂéd) Bk rd#lre®tp d2Can isdfhtioRldivicd atﬁléét devidel b ge or

colum I|ine. Reducer lal 120 may al so serve as an dress line to
progranlgN§§§ chan e material 300 and may be referred to as a wordline or
row | ine 'H%HSH fiot shown, electrode material 180 may be coupled to an
15 access device such as, for exanple, a diode or transistor, via reducer
mat eri al 120. Profiiamanioe 9 plese cbamgy radtesabd0pdbealterdhecstate anphass af thom
device, a select device, or a swtching device. Progranm ng of phase

change nRfagéristlmaPBeta2cohiftichb & ySifiigingvaMaaspRbntible todcdmiwtivel maryidpe
acconpl i shed by applylng vol tage potentials to conductive material 320

and reduggh JiG b dfernid 18,1 206oRE5E BbiehiaPBBbIES S Ped Sk iREicREl Foba!

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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may be transferred to electrode material 180 via conductive plug 130. For
exanpl e, a voltage potential difference of about five volts may be applied
across the phase change nmaterial 300 and a bottom portion of el ectrode 180
by applying 10 about five volts to conductive material 320 and about zero
volts to the bottom portion of electrode material 180. A current may flow
. through phase change naterial 300 and el ectrodeS 180 in response to the
applied voltage potentials, and nmmy result in heating of phase change

mat erial 300. This heating and subsequent cooling nay alter the nenory
state or phase of phase change material 300. 15 During progranmm ng,
|nsulat|ﬁﬁoﬁﬁ@@¢ﬂals 140 and 210 rmay provide electrical and thernal

i solation and material 220 may serve as a thernmal ground pl ane as

di scussed aboleothieembpdiphemteninelfly eleonenti100fh&y b8 difahdeR! d;ﬂér@hﬂ?dn&lo as a
vertical phase change nenory structure since current may flow vertlcally

 Shoul o bECRRE AT EyelPoRA slctiet. 16y EPHPaE el VetV RIS ISR,

menory cel] .and may be used in a phase change menory array having a

pl ur al i t §OBtioRSHyelres. answheral mIctBry &-oriasgrasing tiseudty) ostc. it shonldde
enbodi nents, nenory el enment 100 may be arranged differently and include
addi ®i onatdaratgoedsthMtjeﬂbsent:aDémesEcr-ﬂemEaiﬁpk eot atimiayiochefdesscedgd efthe form
i sol ation structures, peripheral circuitry (e.g., addressing ci reuitry)
etc. It sBeshidnihtion, under st ood that the absence of these elements is not a
limtation of the scope of the

The embodiment of memory élement 100 iIlustrated in FIG. 9 provides a self-

é[ign_ed adhesive layer offset from a raised bottom electrode by an insulating spacer.
FIG. 10-illustrates the structure of FIG. § at a later stage -of'fabrication' in

10 - accordance with anoth-ér embodiment for manufacturing memory element 100. In this
.embodi'ment, insulating material 210 may be pattemed 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. 1 1 ilustrates the structure of FIG. 10 after the removal of portions of
materials 180, 210A, and 220. A portion o.f thé material 220, a portion of spacers
210A, and a portion of electrode material 180 may form a planar sur‘facé 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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present invention. The enbodi nent of nmenory elenent 100 illustrated in FIG
9 provides a self- aligned adhesive |ayer offset froma raised bottom

el ectrode by an insulating spacer. FIG 10 illustrates the structure of
FIG 5 at a later stage of fabrication in 10 accordance w th anot her
enbodi ment for manufacturing menory elenment 100. In this enbodi nent,
.insulating material 210 may be patterned using, for exanple, etching
techni ques, to form spacers 210A along the sidewalls of electrode materi al
180. After form ng spacers 210A, material 220 may be formed overlying

i nsul ating na%ﬁrlal 140, _&acers 210A, and the tOP surface of electrode
material 180. (15 i dustates thgsirugiuse shawndn Fifs: Lt atter fenangpesarammatde
renmoval of portions of materials 180, 210A, and 220. A portion of the

.mat eri al r@2@riahsyar &§,0for afxaspAecs phadd Rangfhale gl 30@Broflaghesirtade250.,
material 180 may forma planar surface 250. In one enbodi nent, the

structur I : I | S
such as, %%F‘*‘é@%“apeﬁ R EIG M Phate SHANGE Hiehd So8 dRTELemE il oBfeabes”
material 180 acers (2?212@ and mat |aI 220. | n anot her enbodi nent, an
et chi ng BF%% ”?P&?”%' ef pPét"P'bP PREaEr WA f aied apstrtionral fledtngs ng

pl anar surface 250, a phase change naterial may be di sposed on pl aner

surfdze pEUerial7! B0GANER fmﬂnhlngphaseshan@e gtateri! 306, atbanrer material 310 naa‘ytlae'
form ng a progranmmable material such as, for exanple, a phase change

mat eri al f&ﬁﬂgd%\;éalgﬁt@aﬁha%éré e?rﬁQtenaP@OO Sndt bl UGS e é!@20]rﬁay ghase

change nmateri al O may overlie and contact a portion of material” 220, a

Por tTon ol RRASRAGirg WieAhidiial bl on Of el ectrode

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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5 material 180. After form ng phase change material 300, a barrier material
310 may be forned overlying phase change material 300 and a conductive
material 320 nay be forned overlying barrier material 310. Turning to FIG
13, a portion of a system 500 in accordance with an enbodi nent of the
present invention is described. System 500 may be used in wreless devices
10 such as, for exanple, a personal digital assistant (PDA), a | aptop or
portable conputer with wireless capability, a web tablet, a wireless ,
t el ephone, a pager, an instant nessaging device, a digital music player, a

digital canera, or other devices that nmay be adapted to transrnyt and/ or
recei ve iMEssAaastenswitied wsan By sysiem oflsddemary Rl oPlpRallyrds yRe
followi ng systens: a wireless |ocal area network (W.AN) system a wreless

15 per son@ktore aastnetives that \ARAdKkeatsd emcontrolier&di0l during thetopmratioradh systegh t he
scope of the present inventionis not limted in this respect. System 500

may i ncl : | ! RALARS {i,' Vi 5.6 _ a
keypad, di gp?%@ﬁ{%ﬁéngﬁ%dr 531%8&@[]%%@%5.\/“ rele 55@ H’]ﬁéY% %c%rsgg%a% u@l%%r to
each other via a bus 550. It shoy d be n%ed t hat . (ge s?ﬁ%pe of theI Elresent
vent | OFTS CHETeM WPEa ! MOy B SaRHER SIS T LR SOTTeCH VALEe
conponents. Controller 510 may conprise, for exanple, one or nore

m cr opr ocessayganytyie afl randogradceps owErsey), | non-yoedienmesiargssch g6 aflashl i ke.
Menory 530 nay be used to store 18 nessages transmtted to or by system
500. Mempiam&3Qriyr RApASseBhariineynddp it tbludes & hidrBohnelbiment bocisas ot are

executed by controller 510 during the operation of system 500, and may be
used 10 &l O Bie Hm SR domURI6Y i Ealin P8 84 ded by one or

- 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)

rstems 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 wilt now occur to
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nore different types of nenory. For exanple, nenory 530 nmay conprise a

vol atile 5 nenory (any type of random access nenory), a non-vol atile nenory
such as a flash nenory and/or a phase change nmenory that includes a nenory
el ement such as, for exanple, nmenory elenment 100 illustrated in FIGS. 9 or
12° 1/ 0 device 520 may be used by a user to generate a nessage. System 500
.may use wireless interface 540 to transmt and receive nessages to and .
froma w reless 10 conmuni cation network with a radi o frequency (RF)
signal. Exanples of wreless int erface 540 may include an antenna or a

W rel ess transceiver, although the scope of the present invention is not
limited Mipsenydiaddgaeert AHShmﬁf@@fOfehéo edﬁ@eato%&qsﬂlé%@ﬁpemcﬁﬁﬁmﬁmar% not
limted in this respect, system 500 nmay use one of the follow ng

communi c attémdedio cover efl fsack npodificatiohs and chaagssrat falhdithihdhe eael spiritrafdsages:
Code Division Multiple Access (CDMA), cellular radiotel ephone conmuni cation
syst ens, jfdnhgh. System for Mbile Comunications (GSM cellul ar

- radi ot el ephone systens, North Anerican Digital Cellular (NADC) cell ul ar

radi ot el ephone systens, Tine Division Miltiple Access (TDVA) systens,

Ext ended- TDVA (E- TDMA) cel l ul ar radi ot el ephone systens, third gener ati on
(3G systens |ike Wde-band CDVA 20 (WCDMWVA), CDMA-2000, or the like. Wile
certain features of the invention have been illustrated and descri bed

herei n, many nodifications, substitutions, changes, and equivalents wll
now occur to 19 those skilled in the art. It is, therefore, to be

under st ood that the appended clains are intended to cover all such

nodi fications and changes as fall within the true spirit of the

20




invention. 20 Clains 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 material, and the dielectric nmaterial. 2. The apparatus of-claim
1, wherein the dielectric material contacts a portion of a sidewall of the
el ectrode. 3. The apparatus of claim2, wherein the adhesive materi al
surrounds a pGidimsn of the electrode and is separated fromthe el ectrode
by the dielectric material. 4. The apparatus of claim1l, wherein the

adhesi ve naterijal CRARS; %F‘aftu@oé IJiSI. n or titaniuny wherein the el ectrode
conprises titanium tu Ssten,' tcﬁ%m]‘ nnitride (TiN), titanium alum num

nitride (TiAII\% gqrcttitgini umsilicon nitride (TiSIN); and wherein the
dielectric mat8he .mElﬁnprises an oxide, a nitride, or a low k dielectric

2t an adhesive material;
a dielectric material between the electrode and the adhesive material, wherein a
portion of the adhesive material, a portion c;f the dielectric mat.erial, and a portion of 'tﬁe
by} 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




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 material over the phase change materi al
8. The apparatus of claim7, wherein the conductive material conprises
al um num 9. An apparatus, conprising: . an electrode material; a
‘conductive material; an insulating material between the electrode material~ -
and the conductive material, wherein a portion of the conductive material,
a portion of the insulating material, and a portion of the el ectrode
mat eri al fwatemigl. substanti ally planar surface; and a programmble nmateria
‘on the substantially planar surface over and contacting the electrode
material, the conductive material, and the insulating material;. .22 22 10.
The apparatus of claim9, wherein the conductive material conprises
-polysilicon or titaihunl 11. The apparatus of claim9, wherein the

[

progr amabl e it er | Al'@ PEPargiymekciakm dnyherain the phase change material comprises a

~ chalcogenide material.

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

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. |




12. The apparatus of claim9, wherein the conductive material serves as a
thermal ground plane. 13. . The apparatus of claim9, wherein the
insulating material surrounds and contacts an upper portion of the

el ectrode 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 material surrounds. an
‘upper portion of the electrode material and is separated fromthe el ectrode’
material . by the insulating material. 1.6. A nethod, conprising; formng an
adhesi ve material surrounding a portion of an electrode; 23 renoving a
portion of the adhesive material and a portion of the electrode to expose
a portion of the electrode; formng an insulating naterial between the

adhesi ve mat eri@l anth bBSachRCS A o Wherd I AR ARIGHAERTRLS! | o
overlying and contacti ng the adhesive material, the "iInsulating eri al
and the el qct..ode. %‘7.. The nmet hod of claim 16, wherein renoving further
conpri si iP¥E AUy i on of the insulating material. 18. The method
of claim 17, wherein renoving includes using a chem cal - nechani cal polish
(CWP) to renove portions of the adhesive material, the insulating
material, and the el ectrode.

11.  The apparatus of claim 9, wherein 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;

23




19. The method of claim 17, further conprising etching the insulating
material to forma spacer prior to renoving a portion of the insulating
material. 20. The nethod 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 formng a
phase change material includes formng the 24 phase change material on the
substantially planar surface. -21. The nethod of claim 16, further ..
conprising: formng an opening in a dielectric material; formng the

el ectrode in the opening; and renoving a portion of the dielectric materi al

i el oot o mat eear e sponip of MEFRdRRe iiaidtlpafio  AdtoR o b FisBlrelieo
insulating material, furfher i r&lﬁ%‘des form ng the insulating material over
a top surPARRSGR PORIONLpIEE slerd “on a portion of a sidewall of the

adhest ve. mat efDARNG AL PSS pEte R dekve e T itive Ml sditRe Slehoss; and
et er L R A 5B s P cPbSh b e
t he procéasatatingamatariakandtye efeepbdd. t o the processor, the nmenory including:
an el ectrode;

:/' ]‘\l
S’

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 -

24




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, 25 and a portion of the electrode forma
substantially planar surface; and a phase change naterial on the
substantially planar surface rover and contacting the electrode, the
adhesive material, and the dielectric material. 24. The systemof claim
23, wherein the dielectric material contacts a portion of a sidewall of
the el ectrode. 25. The system of claim 24, wherein the adhesive material
surrounds an upper portion of the electrode and is separated fromthe

el ect r ode Phgse kbaoge redenial on tiratsabsntialR6plafideswafyye; at us of claim 3,
wherein the adhesive material is selected froma group consisting of: :
electrically conductive and thermally conductive. 27. The system of claim
23, wherein the adhesive material is selected froma group consisting of:
el ectrically copduct,iv nd.t her | y conductive. 28. The nethod of claim
16, vvhereHT th@ﬂﬁ%sté?ﬁéﬂfBH%a%@%m'ﬁm froma group consisting of:
el ectrically conductive and thermally conductive. 26 ABSTRACT PHASE CHANGE i
MEMORY AND METIQODiMgHERBFERNGrin ef digleciric matedatjance wi th an enbodi ment of the
i nvention, a phase change- . ' -

- 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 e_iectrode;
‘an adhesive material;

a dielectric material between the e!ectrod.e and the adhesive material,

- wherein a portion of the adhesive material, a portion of the dielectric material, .
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menory and a nethod to manufacture a phase change nmenory is. provided. The
phase change nenory may 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 electrode forma substantially planar
surface. The phase change nenory .may further include a phase change
material on 'the substantially planar surface and contacting the electrode
the adhesive material, and the insulating material. FIG 7

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 material, and the dielectric material.

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.






