PHASE CHANGE MEMORY AND METHOD THEREFOR BACKGROUND Phase change menory
devi ces use phase change nmaterials, i.e., materials that may be
electrically switched between a generally anorphous and a generally
crystalline 5 state, for electronic nenory application. One type of nenory
“elenment utilizes a phase change material that may be, in one application,
electrically switched between a structural state of generally anorphous
and generally crystalline |local order or between different detectable
states of |ocal order across the entire spectrun1betmeen conpl etely

anor phous and conpl et el rystallin tes ical rials suitable
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el enents. The state of the phase change naterials are also non-volatile in

t hat , BkatGROUNY ojther a crystalline, sem -crystalline, anorphous, or
sem - anor phous state representing a resistance value, that value is
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may not chem cal I y bond well together. As a result, the |ayer of phase
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change device, which in turn, may affect the yield or reliability of the
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manuf act ure phase change nenory devi ces.

structural state of generally amorphous and generally crystalline local order or between
~ different detectable states of local order across the entire spectrum between completely
amorphous and completely crystalline states.

10 Typical materials suitable for such application include those utilizing various
chalcogenide elements. The state of the phase change materials are also non-volatile
in that, when set 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 celll 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 manufacturing of the phase change
device, which in turn, may affect the yield or reliability of the device.

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 subj ect matter regarded as the
invention is particularly pointed out and distinctly clained in the
concl udi ng portion of the specification. The present invention, however,
both as to organi zati on and nmet hod of operation, together with objects,
‘features, and advant ages thereof, may best be understood by reference to
the following 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
[ i.Qn; Tf% i‘g C -sectional view of the structure of
T @hetas e Wp it in accordance with an embodi ment of
the present invention; FIG 3 is a cross-sectional view of the structure of
FIG 2 at aHed@jestRbReOfegar@dd hs #é Mventibfis fatticumirgRHSeailtigaal Vi ew
of the structure’of FIG 3 at a |later stage of 15 fabrication; FIG 5 is a
cross-gsectional. view,of th truct FILG . t ad.ater stage of.
Fabr s Sty Sfarmetdtide bRy dbbdEibE stind tdpifctont U Blasihl¥ieRtion 5 a
a later stage of fabrication; 20 FIG 7 is a cross-sectional view of the
st r ucthgnevef, ticasgoqrganizatien asd soethed of ogsratian, tegether with@bjects, top vi ew
of the structure of FIG 7 at the stage of fabrication illustrated
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. 1 is 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. 8 is a top view of the structure of FIG. 7 at the stage of fabrication illustrated



in.FIG 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 |ater 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 anot her enbodi nent of the present invention;
and 10 FIG 13 is a block diagramillustrating a portion of a systemin
accordance with an enbodi nent of the present invention. It will be
apprecdndtl®d 7 hat for sinplicity and clarity of illustration, elenments
illustrated in the figures have not necessarily been drawn to scale. For
exanpl e, tHeIG.d seNSiogbSectiosainewof thestel@uUrNbEFAE €7 axagaer siee dgrel ati ve
to other elenments for 15 clarity. Further, where consi dered appropriate,
referq:gﬁﬁ%é}wicpral s have been repeated anong the figures to indicate
correspondi ng’'or anal ogous el enents. DETAI LED DESCRI PTION I n the foll ow ng
detail ed description, nunerqQus specific details are set forth in aqrder to
provide a tH& JHR alﬁfa«%?@feamﬁa{f% of e pirederg of iNem aba latepRageot it wil |
be 20 understood by those skilled in the art that the present invention
ma§ bdapricationciedzosotdende witte ssothee enfbadlimentof the presenhieventimt;ances,

wel | - known  net hods, procedures, ‘

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 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 clarity of illustration, elements
illustrated in the figures have not necessarily been drawn to scale. For examplre, the
dimensions of some of the elements are exaggerated relative to other elements for

15 clarity. Further, where 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,



conmponents and circuits have not been described in detail so as not to
obscure the present invention. In the follow ng description and clai s,
the ternms "coupl ed" and "connected,” along with their derivatives, my be
used. It should be understood that these terns are 5 not intended as
‘'synonyns for each other. Rather, in particular enbodi nents, "connected" nay
be used to indicate that two or nore elenents 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 two or nore elenents are not in direct contacé wth
each 6PMEPNenistandeiratis haveneieen dewbed in detaibeq aqinoh R aBRCWERBE . FI Gs.
1-9 may be used to illustrate one enbodi nent of the fabrication of a

menor presleatrivieni@f. and FIGS. 10 and 11 may be used to illustrate another
enbodi mrent to manufacture nenory el enent 100. What is shown in FIG 1 is a

Subst rat ¢ HheTRbyA% adripRAmRllaihso o RERAUCHAPIBHRS Bbintact:

silicon 15 substrat ough the scope the present invention is not
limted in thjs.respect. O her sui | £ substrates, my, b but, are not
[« Sangavity it SR venanad S dae: QLRERIE Daresidoe WAL WREE AR | o
a glass material. A reducer material 120 of, in one enbodinent, a

1 & r anttantendedads syridnyimiefos welsh cdler. f Bathexdnpasticuacembodirsentsci de (CoSi 2)
may be formed over a portion of substrate 20 110. Reducer material 120 may

be forpRAceRd: PRaPhe BisEReS itiitethaltivdlePR@dré BRGheMR drBah deebhstiysicullat be
pajt of a diode or a source/drain region of a MOS transistor.
electrical contact with each other. "Coupled"” may mean that two or more elements are
~ in direct physical of 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 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

15  substrate), although the scope of the present invention is not limited in this respect.
Other suitable substrates may be, but are ﬁot limited 1o, substrates that contain ceramic
material, organic material, or a glass materia].

A reducer material 120 of, in one embodiment, a refractory metal silicide such
as, for example, a cobalt 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 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



In.the enbodiment illustrated in FIG 1, reducer material 120 may be forned
over a P+ region 101, which naybe forned over a N region 102. Regions 101
and 102 may forma PN diode. P+ region 101 may be forned 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 5x10" to about 1X1020 atons per cubic centinmeters (atons/cnB),
whi ch nmay be represented as P+, Nregion 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 lipe (e,qg. W_ in a djode matri x array).. Reducer material in one
nopect? Phapaict lalanish ranabs veryes swer aof B d031 oReaitais 1 oed k2
fabrication of peripheral circuitry, e.g., addressing circuitry (not shown

in Fleay form Bdthicdéderat erial 120 is not required in terms of forming a
menory elenment as described, however, reducer material 120 may be incl uded
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1) and an iso Ion device or sw tching device such as, for exanple, a

di ode, or transi stor, ((not o] in FIGA,15 Re er material 120 be
for o egidla DERR. I ShstiRs 1300 08 onR skartna g SRR el flrafon AP 35BS o1
substrate 110. Menory el enent 100 nay al so i nclude shall ow trench isol ati on

(S%1) dopantiserthe orfer ofabove phoutipxE ' mabeyt Bel0ieatomns Bet GC i ndi vi dual
menory el ements fromone another as well as associated circuit elenents

(e. 9. cehtipiesbrat(@ford€htsWhichriay beteprbenteddas Fe Nubgionat(2 map bere
enbodiﬁent, STl structure 125 may be an oxide or silicon
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., 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
described, however, reducer material 120 may be included in memory element 100
between a phase change material (not shown in FIG. 1) and an isolatioh device or
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., cobait) into
a portion of substrate 110.
Memory element 100 may also include shallow trench isolation (STI) structures
125. STI structures 125 may serve to isolate individual memory elements from one
another as well as associated circuit elements (e.g., transistor devices) formed in and
20 on the substrate. in one embodiment, ST structure 125 may be an oxide or silicon
didxide, although the scope of the present invenfion is not limited in this respect.

A conductive plug 130 may be formed overlying reducer material 120.

5



di oxi de, although the scope of the present invention is not limted in this
respect. A conductive plug 130 may be formed overlying reducer nateri al
120. Conductive plug 130 may serve as a relatively low resistance path to
provide current to a programmable material, such as a phase change
‘'material (not showmn in FIG 1), Conductive plug 130 may include an outer
U-shaped barrier material 135 and an inner conductive material 136.

Al t hough the scope of the present invention is not limted in 5 this
respect barrier material 135 nmay be a conductive material. Barrier

mat er i

titaniumnitri antal nitri
Conduc EPoRUseRa Hmanes as oRGEHEN Py Custats et Bayovids gt e
insulating material 129 may be forned over substrate 110. An opening (not
shown amprégramrbableayatesial, suchdisi & phase changg meaderali(abt $RQvnam&lGohduct i ve
10 plug 130 may be forned in this opening, wherein insulating material 129
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i ncl ude an ox nitride, K dielectric nmateri al aIthoughthe

scope of ent en n |s in this res AL auer of
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and a portion of conductive 130. Insulating material 140 may be an
el &ct rthisatasperh darrign matenat égﬁamay b autoadustiveraiadenial Bawermptanald e a
thermally insulating material. Exanples of insulating material 140 rmay
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scope of the present invention is not limte inthis respect. Insulating
nmat er 'tﬁbg&é@i (W)yopcacypepe? (bm.ckness rangilng from about
- 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 material, although the scope of the present invention is not limited
in this respect.
A layer of insulating material 140 may be formed overlying insul_ating material
15 129 and a portion of conductive plug 130. Insulating material 140 may be an '

_ electrically insulating material. Insulating material 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 thickness 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



20.500 angstrons (4) to about 3,000 angstrons, although the scope of the
present inventionis not limted in this respect. Turning to FIG 2, a
hol e or opening 150 having sidewalls 155 may be forned by etching
insulating material 140. Opening 15 0 may be a via or a trench, although
‘the scope of the present inventionis not limted in this respect. In one
enbodi nent, opening 150 may be fornmed using photolithographic and etch
techni ques. As an exanple, opening 150 nmay be formed by applying a | ayer
of photoresist material (not shown) on insulating material 140 and exposing
this photoresist material to light. A mask (not shown) may be used to
exposdogaedeatching dsuatinghaiadelol €Q; Prerineri ) mayhper M@ 95 aéengheas to
be renoved, i.e., etched. The etch may be a chem cal etch, which nay be
r ef er retthdughatheasowgie et the pfasent reveraiovhismeyt baitad ireltkistrespyti.c or pl asma
(ion bonmbardment) etch, which may be 10 referred to as a dry etch. In one
enbodi nent ..t ANk st i i : h,
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al t hough t he scope o invention is not Fimte

respect. If opening 150 is fornmed usin otol jthographi c techni gues, the
di aneté¢h 6?CW'EIt-'ﬁS-ofA%B%rﬁxﬁa‘Pi?yo"W”Bg‘ ﬁ? eI QB%BEEE%& %ﬁ’%"/@gz%.?a\fﬂﬁe
feature size of a structure may refer to the m ni num di nensi on 15

achi evdhfhetosisigs phoeril i(obbghaphy onFosuletiagpheteridhd 4 andrexposing tey ref er
to awdth of a material or spacing of materials in a structure. AS is

under $eeghesRGhatdridnegniaRhy A fiAkS(no? shoMoRss Hf usddbsbrpbiodercbadt ern
or image fromone nediumto another, e.g., as froma mask to a wafer,

using alrjelaagsr 8f ¥l"\é)|pﬁ%tc§rg¥')st ln'*\gtrétrial, which defines areas to be removed, i.e., etched.

~ The etch may be a chemical etch, which may be referred to as a wet etch. Or, the
etch may be an electrolytic or plasma {ion bombardment) etch, which may be
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. |f 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 achievable using photolithography. For e;cample, the feature size may refer to a
width of a material or spacing of materialls in a structure. As is understood,
photolithography 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.
The minimum feature size of the transferred-pattern may be limited by the
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 2500 angstroms. In this



", The. mininum feature size of the transferred- pattern may be limted by the

20 limtations of the WV |ight. Distances, sizes, or dinensions |ess than
the feature size may be referred to as sub-1lithographic distances, sizes,
or di nmensions. For exanple, some structures nmay have feature sizes of
‘about 2500 angstrons. In -this exanple, a sub-lithographic distance may
.refer to a feature having a wwdth of Iess than about 2500 angstronmns.
Several techniques may be used to achi eve sub-1ithographi c dinmensions.

Al t hough the scope of the present invention is not limted in this respect,
phase shift 5 mask, electron _beam|lithography, or x-ray lithogra may be
used t@xaiBhicedeswlithagreplyigrdiptinee dnaerefiesris faaée*t%ﬁv'asamw'gtfhgg%éﬁhy may
refer to a direct-wite |ithography technique using a beam of electrons to

exposethagsatidutas @0 wlgetromie.ray |ithography may refer to a |ithographic
process for transferring patterns to a silicon wafer in which the
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The shorter wavel engt rays ., about 0 'angstrons, versus
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angstrons. Al so, sidewall spacers nay be used to achi eve sub-Ilithographic
di Benshesis,. elBtfEonbaamy liblecgragty, boxirkl lishogehyheayde wiediaenhieve spdcer s
160 to achi eve sub-lithographic dinensions. 15 FIG 2 depicts the structure

of  Fl GendgrdphiOUHehfiBns 2 eSO BeaRChthdgfdphy hRW: redél &8 af AiFdBtgri@pt i onal
si dewal | gpacers 1 60. In one enbodi nent, sidewall spacers 160 nmay be

For neqit égrna%hil t%%%lqluse &giggoaf bé’j‘a%aorfdelggtsrléns 3%&';)%1519 1rZ9ﬁ3t -cla_rqea wafer. X-ray

~ lithography may refer to a lithographic pracess for transferring patterns to a silicon
~wafer in which the electromagnétic 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 about 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 spa(;ers 160. In one embodiment, sidewall
spacers 160 may be formed aioné sidewalls 175 of a hard mask material 170. The
distance between sidewalls 175 may be one featﬁre size and may be formed using
photolithographic and etch techniques. Sidewall spacers 160 may be formed by
20 depositing a Iayer 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 sub-lithographic. After



di stance between sidewalls 175 may be one feature size and may be forned
using photolithographic and etch techni ques. Sidewall spacers 160 nay be
formed by 20 depositing a |layer of material in the space between sidewalls
175 and patterning this material using a dry etch such as, for exanple, an
‘ani sotropic etch. The di stance between sidewal |l spacers 160 may be
sub-lithographic. After sidewall spacers 160 are formed, in one enbodi nent,
anot her ani sotropic etch nay be used to form an opening 150 having a
sub-1ithographic diameter. For exanple, in one enbodinent, insulating
material 140 nmay be anisotropically etched using an etching agent that is
sel ectsidewslicipachat 16Aaretfonnad. byent emlupiment, arothee 9EISAIEOPIS egemam@Y i ve
plug 130. As shown in Fig. 2, the etching operation exposes a portion of

conducgd Viged®hdForAtar bﬁ@ugﬁ 58 hialhgldQubliRhege phsd BRimeter dFWR|dxasiseer s
160 may serve to reduce the quantity of electrode material (180 shown in
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present invention is not 10 limted in this respect. Al though the scope of
t he preisbing agerdnthiabis eleabve |sughttbat the efshing agsBEtonfapt OMRISREN®Ser i al
170 may be polycrystalline, silicon, anorphous silicon, or silicon nitride.
Hasd remsidugiiergiag 11300 waysthewa ia Ridi 2 ktesstahamg bpgrdticoneabasds 4 podon

angstrons to about 3,000 angstrons, although the scope of the present
o om0k 19 WBR g Sl oL SRpRLL, JasCRIS BTN
sili Corg’ayssielr\i/ecgonré]cih}crei t ee Sé‘ér%%y g{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 scdpe of the present invention is not
10 limited in this respect.
Although the scope of the present invention 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 example, poly or ar-nOrphous silicon, sj!icon nitride oxide, or
oxide nitride.
it should be pointed out that the use of sidewall spacers 160 to form opening 150
is not a limitation of the present invention. Other sub-lithographic methods, és
20 men;tioned above, may be used to form opening 150, wherein opening 150 may have a

“sub-lithographic diameter. Or, in alternate embodiments, opening 150 may be formed

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



oxi.de nitride, It should be pointed out that the use of sidewall spacers
160 to formopening 150 is not a limtation of the present invention.

Q her sub-1ithographic nmethods, as 20 nentioned above, nay be used to form
openi ng 150, wherein opening 150 may have a sub-Ilithographic dianeter. O,
‘in alternate enbodi nents, opening 150 nay be formed using

phot ol i t hographi ¢ techni ques and may therefore, have a dianeter of greater
than or equal to about one feature size. FIG 3 illustrates nenory el enent
100 after the conformal deposition of an electrode material 180 over

I nsul ating material 140 and in opening 150 (FIG 2). FIG 3 has been

si npl i ¥ Ko appukenafeatyre®EBry el enent 100 without either 5 sidewal |
spacers 160 or hard mask material 170 or subsequent to the renoval of

materi al s 186G, dlutt@tes Bpacenselzfienor] taatiemabl contermal ddpdksitiay oban
sel ectively renoved using, for exanple, an etch or a chem cal - nechani cal
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and ot he i ments nay not

use Ssi || spacers tq.. form opening 150. I n on mbodi nent, el ectrode
mat er iFi%%ba?rgﬁeﬁé‘"Qpﬁﬁﬁé%yo'ﬁ“%té?ﬁ%”E) mgry §l§’t‘ﬁ‘@’?¥efgs ‘%’UgH”E\E'thE ransition
metal, including but not limted to titanium tungsten, titaniumnitride

( TBN) ,sidéwalhispecatsuhbOuom mdrtrmdsk (TatAfial) 1 70rort suteseiquensitd itbememiovel dé
(TiSiN). As an exanple, electrode material 180 may be fornmed with a
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present 1 nvention is not
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 dne 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 chemical

15 'vapor deposition {CVD) process, however, the scope of the present invention is not
limited by the particular process used to .forrn electrode material 180. It should also
be understood that alternative processes may be used to form electrode material
180.

Following introduction of electrode material 180, the structure shown in FIG. 3

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



limted by the particular process used to formelectrode material 180. It
shoul d al so be understood that alternative processes may be used to form
el ectrode material 180. Follow ng introduction of electrode material 180,
the structure shown in FIG 3 20 nmay 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 - nechani cal polish (CW) technique. 10 FIG 4
illustrates the structure shown in FIG 3 after renoval of a portion of

el ectrode materl al 180. A portion of electrode material 180 may be renoved
by patt er iRy 4ofusiezirebe ﬁg{u%'f%ﬁhawnmﬁ*@q # aftge r@ﬁ%@h@f@]pm&nﬁrt i on of

material 180 may be renoved using, for exanple, a CVMP process. It should
al so hbeectrothy staterdhl S 80haA patticer ofadlevieogs natsisals| Slayabhdeusedoved yenmve a
portion of electrode material 180. For exanple, a blanket etch may be used

tore t {088 186846 le W & p18gNOory
el ene[?t%l\f%é'gmgfdtrgsr% {rﬁat gm)va of port PQ%S rﬂ?cﬁﬁw&ﬁ#%ﬁd@& eria 5%}% Egr§I n one
enbodi nent, insul 'Tgﬂgl a$/ 140 ITCB#/ be recessed or et ched back 10 to
exposdndy gErEIoNe fUSE BRAMEPiEs adFME| RS Hrethauldplspgbe ungegiigod
enbodi ment, approxinmately 1000 to about 3000 angstrons of insulating |ayer
148 nethabeltesmivedbrogesses mayebe ased eébaetriove pohidaok elextipde masediact i ve
oxide etch diluted with hydrofluoric acid (HF). Alternatively, a dry etch
may a'@b beoHeRdmpr 65 biffket LR A} bd8Redlto remove portions of electrode
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 material 180. In one embodiment,
approximately 1000 to about 3000 angstroms of insulating layer 140 may be removed
using a wet 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 element 100.
FIG. 6 illustrates the structure of FIG. 5 at a later stage of fabrication. 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
electrode material 180, and on a top surface of electrode material 180. In other
20 words, insulating material 210 may be formed surrounding and contacting an upper

portion of electrode material 180.

Insulating material 210 may be a electrically and/or thermally insulating material
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thi's 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 nenory elenent 100 after the conform
‘formng of an insulating material 210 on a top surface of insulating
material 140, along the sidewalls of electrode naterial 180, and on a top
surface of electrode material 180. In other 20 words, insulating materi al
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 nesuch asdar examplenananidg, anitrides @ gy K digledxiamateriaany,gtoer reigtiviely i de,
a low K dielectric material, any other relatively lowthermally conductive

mat er i jal thefmainy cod\&itive ehatierivk loy ahgwtiedre edlatiesll lyw etaudticdliyvendueties i al .
Insul ating material 210 may be used to provide electrical and/or thermnal

I sol at i r Apety : i ' | ATedeid urround
el ect r@g%réﬂlg@%{ﬁi rﬁ%r eaégl %&@a%??iuglggﬁ@y'r%\?%n%%dgec el er%rilledr)lr?thtlaf)rgalcsjuri ng
programm ng. Further, using an insulating material, that has relatively

hi gh tiselaian fereamary slErpedpkid.i dsingapn ins @Paaéaafﬁé'ahonﬂlfé?#f?i?'éﬁ §dee. g. ,
reduce heat | oss) and may reduce the anmount of electrical current used
dubi ngi§d malyanticage tie effiviEmcyalfenemprylélémertid 00Hdurigepgaamiming. Fedherque
used to fornmed insulating |ayer 210 may be 10 sel ected dependi ng on the

desir %irﬁr}%‘éﬁ%ﬁétjirﬁ Pz[flzage% t%s)’re%t%?y"ﬁigmﬂerrhél_ i@ atifG R arBes may

I nsul at materi a y a thickness ranging from about 500
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 technique used to formed insulating Iayer-210 may be
10 selected depending on the desired characteristics of memory element 100. In one
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.Iayer 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
(e.g., phase change material 300 in FIG. 9), and may be referred to as an adhesive
20 material, adhesivé 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 suitable
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" angstrons to about 2,500 angstrons, although the scope of the present

invention is not limted in this respect. In one enbodi nent, insulating
material 210 nay be forned using a | ow pressure chem cal vapor deposition
(LPCVD) or plasma enhanced 15 chem cal vapor deposition (PECVD) process. A
layer of a material 220 may be forned overlying insulating |ayer 210.
Material 220 may be an electrically conductive or a thermally conductive
material. Material 220 nmy serve as an adhesive material suitable for
adhering to a phase change naterial (e.g., phase change material 300 in
FIG 9), and may be referred to as an adhesive 20 material, adhesive |ayer,
or a gadi@spV@y@a¥arraf§@eﬁnamh@ﬁtnhﬁs@.ch|angﬁnn§te@ﬁhm§wereﬂh@%@nvm%'ﬁm 220
serves as an adhesive layer, the type of material used may be sel ected
dependiittgpesliridielnpthasshsehas ef meteraldd2() sfeel phaserehange ehatedat ma@airecly ng a
sui tabl e adhesive material to bond with the phase change material may

reduce, ‘t’é/ct@r‘iélﬁ{atirﬁga‘féﬁ%@ Zgﬁ%ﬂd‘ﬁxfy'dbt%ﬁdméﬁgﬁo el !m%t%ﬁal?ﬂ?.

phase ((:)ﬁange na i'rect contact 1 nsulating material 210 and nmay
not bond sufficiently to insulating material 210, terial ,220,ma | so
cerve an alalerREPRaTTN SR IR AR See PERbotkE ARG ared frhErdR ene

bet ween adj acent nenory el enments. Thermal disturb problens may arise when
a bar gistudy psdileros detween agdjaseshmemary elepentse dl hermsldisiudupiobdems may
programm ng to place the phase change nmaterial of the nenory el enent in,

e A O B o O ne heat ng of the.
o O PrERtirg (BFiabe i pHASE b mRERA: br e R Sry WlbARRRIn, iy N taroet
— 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 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 thermal dissipation, thereby impfoving the thermal
isolation between adjacent memory eiemeﬁts.
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 téchnique used 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

2,500 angstroms, although the scope of the present invention is not limited in this
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heated. Over tine, 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 a an appropriate thickness to serve as a therm
‘ground plane. Increasing the thickness 15 of material 220 may inprove
thermal dissipation, thereby inproving the thermal isolation between

adj acent nmenory el enents. Exanples of nmaterial 220 may include materials
conprising polysilicon or titanium although t he scope of the clained
subject matter is no jmted in t es The thickness and the

t echni'8EREGIs € N5 ¢ Lﬂétﬂ"%’ﬁt évﬁfaﬂa%o H@P e ismestsing BPHSRA PRG" on t he
desired characteristics of nmenory el enent 100. In one enbodi nent, nateri al
220 malepbaitiendPihckRESD, raarmgPRG D procabsut 200 angstrons to about 2,500
angstrons, although the scope of the present invention is not limted in

this 13 1 espeCy il lshr=R0LtHRIGAK TR Fl@tae&ﬂ@flre?r%%m &%Egrdi"?ﬁ’atéﬁélgg a
physi cal vapor dep03|t|on (PVD), LPCVD, or a %rocess

il lustrat t he ure.of Fl 6 afte ermval of rtions of rraterlals
150- 958 230 P20 AR B Ridhob e MA RS 21 3 PHtOR QSGPEIBRUBHBhe
insulating material 210, and a portion of electrode material 180 may form
a BSubsiaatinb2 19, apt anportsur 6heeck®Oe matariad 18Chodiynemtn atsubssantiadyur e shown
in FIG 6 my be subjected to a planarization process such as, for

examphnad stM3cBI 25ESSin éﬁ@bmbdd@rﬁ@ﬁ?%é’@(r&étgﬁs%wﬁ'ﬁﬁ@og%é@bér' al 180,
insulating material 210, and material 22
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 view of memory element 100 at the stage of manufacture illustrated in FIG. 7.
n the embodiment illustrated in FIGS. 7 and 8, material 220 may surround an upper
portion of electrode material 180 and may be separated from electrode material
180 by insulating material 210.‘ In addition, insulating material 210 méy surround
15 and contact an upper portion of the sidewalls of electrode material 180,
FIG. 9 illustrates the structure shcn;vn m FIG. 7 after forming a programmable
material such as, for example, a phase change material 300 on planar surface 250,
As is tllustrated 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 electrode material 180.

Examples of phase change material 300 may include, but are not limited to,

chalcogenide element(s} compositions of the class of tellurium-germanium-antimony
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As is seen in FIG 7, portions of materials 180, 210, and 220 may be
renoved to 10 expose a portion of electrode material 180. Turning briefly
to FIG 8, what is shown is a top view of nenory el enent 100 at the stage
of manufacture illustrated in FIG 7. In the enbodinent illustrated in
‘FIGS. 7 and 8, material 220 may surround an upper portion of el ectrode
material 180 and nmay be separated fromelectrode material 180 by insul ating
material 210. In addition, insulating material 210 nmay surround 15 and
contact an upper portion of the sidewalls of electrode material 180. FIG 9
il lustrates the structure shown in FIG 7 after forning a grogrannabLe

mat er i{(AeXGayRbakmatesial ex Sastel e allgysadbheugnie sraPeroTdhe FHOSeH 'RYeHN is
surface 250. As is illustrated in FIG 9, phase change material 300 nmay
over | irpt Hnfitedantj@sttth@se.poiteiretively, endider ahag? Bhaageondtecal mbyibesudeat i ng
material 210, and a portion of 20 electrode material 180. Exanpl es of phase

chang - _ g T c . .
ol oo [ Bl broBRHias (& iBsisRitoof iRt chaed throlgh EROSRbReation o,
(TexCGeySbz) material or ShTe al |l oys, .al.t hqugh the scope of,_the esent

i nventSN§FIY suchas. for ﬁ%@@ﬁ%@gﬁh?\ea&%seé@w@é?%ﬂitveﬁ‘y?}qaﬁé?ﬁ@"ﬁﬁ se
change material nmay be used whose electrical properties (e.g. resistance)

may behabanpedgt mateghl 30@ nepphavatitbictkobss eaegigy fsewhakxsyt 190 amgatrpines
light, heat, or electrical current. In one enbodinment, 5 phase change

oo 3 RO R RS LSS B o Bt PermOg e 10
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
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
15  material 320 may comprise, for example, aluminum. Barrier material 310 is an optional
layer. in alternate embodiments, conductiv.e material 320 may be formed overlying
phase change material 300.
Conductive material 320 may serve as an address line to address and program
phase change material 300 of memory element 100. Conductive material 320 may be
20 referred to as a bitline or column line. Reducer material 120 may also 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



limited in this respect. In one enbodi ment, phase change material 300 may
be forned using a PVD process. After form ng phase change material 300, a
barrier material 310 may be forned 10 overlying phase change naterial 300
and a conductive material 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

mat eri al 320. Although the scope of the present invention is not limted in
this respect, barrier material 310 may be titanium titaniumnitride, or
carbon, and conductive 15 material 320 may conprise, for exanple, alum num
Bar r i €iccqas devige Brh as famextplendldiodegeiransiptoy) Yiaradeecranstiiakdabs
conductive material 320 may be forned overlying phase change material 300.
ConduclHevgcdBiisatdvide 312 418y beaefmraatosas adictstion devce ca sdibcedevieadopaogr am
phase change material 300 of nenory el ement 100. Conductive material 320
may bqu&ﬂi 3§W6§d to as a bitline or colum |ine. 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 t hough not shown,

. A
el ectrode fIperamMingof ppseehesgpIBata sl 001t altepthe e RIASS ofsthe or

exanpl e, a diode or transistor, via reducer material 120. The access
degi cenamyiabhsy be acebarplistet dyaaspmEpingswltdgeopotantiate to aosdletive deatiecial or
a switching device. Progranm ng of phase change nmaterial 300 to alter the
stat e 9o BR3$Edber MGterial 120. A voltage potential applied to reducer material 120
may be transferred to electrode material 180 via conductive plug 130. For
~ example, a voltage potential 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 eiectrode‘materia! 180. A current may flow through phase change
- material 300 and electrode 180 in response to the applied voltage potentials, and
may result in heating of phase change material 300. This heating and subsequent
cooling may 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 m.ay- serve as a thermal ground plane as
discussed above.
Memory elément 100 shown iﬁ FIG. 9 may be referred to as a vertical phase
change memory structure since current may flow vertically through phase change
20 material 300 between upper and lower electrodes. It should be noted that memory

element 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 100 for storing
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5 material nay be acconplished by applying. voltage potentials to
conductive material 320 and reducer nmaterial 120. A voltage potenti al
applied to reducer material 120 may be transferred to el ectrode nateri al
180 via conductive plug 130:. For exanple, a voltage potential difference of
‘about five volts may be applied across the phase change material 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

el ectrode material 180. A current may flow through phase change material
300 and el ectrode 180 in response to the applied voltage potentials, and
may ré&igrmatienheat i ng of phase change material 300. This heating and
subsequent cooling may alter the nenory state or phase of phase change

nmaterial 300 ottdr drabodignertoghamurpglemersulodt inag bebdesngdd ditéforlydarl0 may
provi de electrical and thernmal |sol ation and material 220 nay serve as a

ther;nﬁjb cl#& HQIUB{] Syérs al‘?d §ﬁyl s a@&”&anﬁfﬁ@ﬁ\‘n%ﬁgﬁ%léggt hown in FIG

9 may be re erréd to’as a ver ‘phasé ahge ruc ure since
current .m flom1vert|cally t hrough phase change 20 naterlal 300 bet ween
upper 'Sgigfiqrostescterese pepgBsial ICEFCEHB\(J(%IQ berddrestiag ciratithendtlg- & EiRiid Pe00 may
al so be referred to as a nenory cell and may be used in a phase change

- mebor yndershyochthat tige abpencabf thesefelementsyis elot adimitatibdOoffthe ssbpeiofithe 6

information. In other enbodinments, menory elenent 100 nmay be arranged

di ff enenddny irf/ddtion.

The embodiment of memory élement 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 patterned using, for example, etching
techniques, to form spacers 210A 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 illustrates 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
process such as, for example, a CMP process, that removes portions of electrode

20 material 180, spacers 210A, and material 220. In another embodiment, an etching

process may be used to form planar surface 250. After forming planar surface 250, a

phase change material may be disposed on planer surface 250.
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i nclude additional |layers and structures. For exanple, it may be desirable
to form isolation structures, peripheral circuitry (e.g., addressing
circuitry) , etc. It should be 5 understood that the absence of these
elements is not alimtation of the scope of the present invention. The
‘enbodi nent of menory elenent 100 illustrated in FIG 9 provides a self-

al i gned adhesive | ayer offset froma raised bottom el ectrode by an
insulating spacer. FIG 10 illustrates the structure of FIG 5 at a | ater
stage of fabrication in 10 accordance mﬁth anot her enbodi nent for

manuf acturing menpry el enent 100. In enbodi nent, insulating naterla
210 may be %'gi tlet Hadtrates e Sfrypt%gahswe m&l‘éhﬂm@ftqréeﬁmrta@@roe@mmh
spacers 210A along the sidewalls of electrode material 180. After formng
spacermazdridh suahtay, ifal eX2Mpl@ya phafo®chedgeweatkyihN00nsubRinangunfacerd a0, 140,
spacers 210A, and the top surface of electrode material 180. 15 FIG 11

1 “StAﬁﬁéa?lé:%ﬂ%ﬁ% ﬁﬁang?%gh%@gg%ﬁ?é‘fn’iaetgsnélﬂ%b %Ive91£ Zgﬂatdoﬂ'ﬁéctoé

materi a on o0 a portion of
spacers ortion,of electrod teri aI 180 may form a pl anar
surfac,%pré'ﬁ %BFIéer rn%ﬁ?,”"i%Q?éPF‘ﬁ%’tstfkgghéﬁﬂ 3 pogtiqy o Breﬁér da
subjected to a planarization process such as, for exanple, a CNP process,
t hat rreateried 186t Aftes farmieg pbese dbange metteriala30Q @0basipacwterizllDA mayde
material 220. In another enbodi nent, an etching process nay be used to

form ghanad oYeh}ing HHare- chﬁhb@rméférrlﬁl Bao Bhﬁ%o:ﬁﬂcﬁ@é%&@ﬁal 920 ﬁ’ﬁ'ﬂ%ﬁl@e change
mat eri al nmay be di sposed on planer surface 250.

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, a personal digital assistant (PDA), a laptop or portable corﬁputer
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 invention is not limited in this respéct.
System 500 may include a controller 510, an input/output .(I/O) device 520 (e.g. a
keypad, display), a memory 530, and a wireless interface 540 coupled to each other via
a bus 550. 1t should be noted that the scope of the present invention is not limited to
26 embodiments having any or all of these components.
Controller 510 may comprise, for example, one or more microprocessors, digital

signal processors, microcontrollers, or the like. Memory 530 may be used to store
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FIG 12 illustrates the structure shown in FIG 11 after forming a
programmabl e material such as, for exanple, a phase change material 300 on
pl anar surface 250. As is illustrated in FIG 12, phase change nateri al
300 may overlie and contact a portion of material 220, a portion of
‘spacers 210A, and a portion of electrode 5 material 180. After formng
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 wi.th an Enbodi rrelgh f the gresent I nvention |s

descr i'BeIFagssdransmiad fa Pr By SYSEn PROwMeNans e Miavealse @rdigpaliuie usgd
exanpl e, a personal digital assistant (PDA), a |aptop or portable conputer
wi t h o sedredsstaabiabs [thatyarecexesintachby etntrallesiS1€l cising tlecperaton af ppgferm; an
I nstant nessaging device, a digital nmusic player, a digital canera, or

ot her s%vaﬁ&%égeé uZRY tB%tor%q?s%trg%téi.oMeh?d}?@StO ;ﬂaﬂbg?rro%%v bié gF mat i on

wirel essfly. System may be us n any-of the OW ng systens: a
wirel ess | pcal ea network AN) syste a w ess 15 persona rea
et wortTE RPN DERSTH marte FPLPEATRIE: RERO A S SRR eI 1 he
present invention is not limted in this respect. System 500 may include a

coht r sherserys(@0y type phpndasnBeaesy Me@)ordk v nen-so@tileemgmeary sueh@sda flaskspl ay) ,
a nenory 530, and a wireless interface 540 coupled to each other via a bus

550. herfibgurti/bea piaed dhanhetriemdepprit Hclddis HnesAbly &IBMRIMNt isQBh ias, ft

limted to 20 enbodi nents having any or all of these conponents Controller

510 MRy, SR h&Ror) QlenfRARIFiudPfedin FRES. §igfrepr ocessors, digital

- I/O device 520 may be used by a user to generate a message. System 500 may
use wireless interface 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 o} 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 fOl; Mobile Communications (GSM) cellular
radiotelephone systems, North American Digital Cetlulér (NADC) celiular radiotelephone
'systems, Time Division Multiple Access (TDMA) systems, Extended-TDMA (E-TDMA)
cellular radiotelephone systems, third generation (3G) systems like Wide-band CDMA
20 (WCDMA), CDMA-2000, or the like.
While certain features of the invention havé been illustrated and described

herein, many modifications, substitutions, changes, and equivalents will now occur to
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signal processors, microcontrollers, or the like. Menory 530 nmay 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 the operation of system 500, and nay be used to store user
‘data. Menory 530 may be provided by one or nore different types of nenory.
For exanple, nenory 530 may conprise a volatile 5 nmenory (any type of
random access nenory), a non-volatile nenory such as a flash nenory and/ or
a phase change nenory that includes a nenory el enment such as, for exanple,
menory el enent 100 illustrated in FIGS. 9 or 12. 1/0 device 520 may be used
by a utegse sbillgd e tg ata s sbagriors e emsrsieay thakiednnansied qlaims aface
540 to transmit and receive nessages to and froma wreless 10
commurinieaidiedrio welaoak suct maificadioos fandqhange s @8Hhll iirathe fixarpirie of tHie
wireless interface 540 may include an antenna or a wirel ess transceiver,

al t hoygl ibi$§%scope of the present invention is not limted in this

respect ough the scope of the present invention is not limted in this
respect, system 500 may use one of the follow ng comruni cation air
interface protocols to transmt and 15 receive nessages: Code Division

Mul tiple Access (CDMA), cellular radiotel ephone communi cati on systens,

A obal System for Mbile Communi cations (GSM cel lul ar radiotel ephone
systens, North Anerican Digital Cellular (NADC) cellul ar radiotel ephone
systens, Time Division Multiple Access (TDMA) systens, Extended- TDVA
(E-TDMA) cel lul ar radi ot el ephone systens, third generation (3G systens

| i ke W de-band CDVA
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20 .(WCDVA), CDWMVA-2000, or the like. Wile certain features of the invention
have been illustrated and described herein, many nodifications,
substitutions, changes, and equivalents will now occur to 19 those skilled
inthe art. It is, therefore, to be understood that the appended clains are
‘intended to cover all such nodifications and changes as fall within the
true spirit of the invention. Cains 1 . An apparatus, conprising: an
el ectrode; 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

el ectrode fll@ing substantially planar surface; and a phase change nateri al
on the substantially planar surface and contacting the electrode, the
adhesi ve nef.eri ahn appdrdthe, atireprégitiggi ¢ material. 10 The apparatus of claim
1, wherein the dielectric material contacts a portion of a sidewall of the
electrode.E§16£Eﬁoagparatus of claim2, wherein the adhesive nmateria
surrounds a

an adhesive material;
5 a dielectric material between the electrode and the adhesive material, wherein a
portion of the adhesive material, a portion of the dielectric maferial, and a portion of the
electrode form a substantially planar surface; and
a phase chang'e material on the substantially planar surface and contacting the
electrode, the adhesive r'lnaterial, and the dielectric material.
10
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
15 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 polysilicon or titanium;
20 wherein the electrode comprises titanium, tungsten, titanium nitride (TiN),
titanium aluminum nitride (TiAIN), or titanium silicon nitride (TiSiN}); and

wherein the dielectric material comprises an oxide, a nitride, or a low k dielectric
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15 portion of the electrode and is separated fromthe el ectrode by the
dielectric material. The apparatus of claimwherein the adhesive materi al
conprises polysilicon or titanium 20 wherein the el ectrode conprises
titanium tungsten, titaniumnitride (TiN), titaniumalumnumnitride
(TiAIN), or titaniumsilicon nitride (TiSiN); and wherein the dielectric
mat erial conprises an oxide, a nitride, or a low k dielectric 21 materi al
The apparatus of claim1l, wherein the phase change material conprises a
chal cogeni de material. The apparatus of claim1, wherein the electrode is
coupled to an address line. The apparatus of claim1l, further conprising a
conduct@i&iakat eri al over 10 the phase change material. The apparatus of
claim7, wherein the conductive nmaterial conprises alumnum 15 9. An
apparatus, conprising: an electrode material; a conductive material; an

i nsul ating material between the electrode material and the conductive

5. The apparatus of claim 1, wherein the phase change material comprises a

chalcogenide material.

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

- line.

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

10 the phase changé material.

8. The apparatus of claim 7, wherein the conductive material comprises
aluminum.
15 9. An apparatus, comprising:

an electrode material;
a conductive material;
an insulating material between the electrode material and the cohductive
material, wherein a portion of the conductive material, a portion of the insulating
20 material, and a portion of the electrode material form a substantially planar surface; and
a programmable material on the substantially planar surface and contacting the
electrode material, the conductive material, and the insulating material.
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material, wherein a portion of the conductive material, a portion of the
insulating 20 material, and a portion of the electrode material forma
substantially planar surface; and a progranmable material on the
substantially planar surface and contacting the electrode material, the
‘conductive material, and the insulating material. 22 10. The apparatus of
claim9, wherein the conductive material conprises polysilicon or titanium
11. The apparatus of claim9, wherein the programmable naterial is a phase
change material. 12. The apparatus of claim9, wherein the conductive
material serves as a thermal ground plane. 10 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

i nsul at i ng 1fat erlite apparbact of daibd 9 peheram thd candudeeahbterial chmpebest r ode
material. 15. The apparatus of claim9, wherein the conductive materi al
surro#ggém n SMRShiuRPrtion of the electrode material and is separated from

the e rode materi a by the insulating material. 20 16. A method,
conpri si ng:
5 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 as a
thermal ground plane.

10

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

contacts an upper portion of the electrode material.

14. The apparatus of claim 9, wherein the insulating material contacts a

15 portion of a sidewall of the electrode material.

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

20
16. A method, comprising:

forming an adhesive material surrounding a portion of an electrode;
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~ forming an adhesive material surrounding a portion of an el ectrode; 23

renmovi ng a portion of the adhesive material and a portion of the el ectrode
to expose a portion of the electrode, and form ng a phase change materi al
overlying the adhesive material and the electrode. 17 The nethod of claim
16, further conprising formng an insulating material between the adhesive
material and the el ectrode and wherein form ng a phase change nateri al

i ncludes form ng the phase change material overlying the insulating
material. 10 18. The nethod of claim 17, wherein renoving further
conprising renoving a portion of the insulating material. 19. The method of
claim 18, wies@{ing A m§f thicpdhrsive B1aterial apreamedion ofdbRAeEERde® i sh
(CWP) to renove portions of the adhesive material, the insulating 15

mat er | @tposardipbhionadfehe rehsttrod2) amde net hod of claim 18, further conprising
etching the insulating material o forma spacer prior to renoving a portion

tehing the in ! fo r to_remving i
'ncl udes. r aRU R BAFET Sueng” Mg Al BLITIIE Rneive i RBIBAC ana i ne

i nsul ati ng terial to forma substantiall\ planar surface and wherein
form n%]e%{‘ cﬁétf:se change material includes form ng the 24 phase change
material on the substantially planar surface.
-5
17  The method of claim 16, further comprising forming an insulating material
between the adhesive material and the electrode and wherein forming a phase change
~ material includes forming the phase change material overlying the insulating materiai.
10 18.  The method of claim 17, wherein removing further comprising removing a

portion of the insulating material.

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

15 material, and the electrode.

20  The method of claim 18, further comprising etching the insulating material

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

20 21.  The method of claim 17, 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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22.. The method of claim 17, further conprising: forming an opening in a
dielectric material; formng the electrode in the opening;, and renoving a
portion of the dielectric material so that a top surface of the el ectrode
is above a top surface of the dielectric material. 23. The method of claim
17, wherein formng the insulating material further 10 includes formng
the insulating material over a top surface of the electrode and on a
portion of a sidewall of the electrode and wherein form ng an adhesive
naterial i ncl udes forning t he adhesive material overlying the insulating

materigl, wherein t |ve separated fromthe electrode b
the i S&tqr}?@gﬁﬁ@ r e?ﬂ“@"b@@t@ﬁf’%%‘r‘?ﬁ%% ng: 20 a processor; a Y
wirel ess interface coupl ed to the processor; and a nenory coupled to the
processor, the nmenory including: an electrode; an adhesive material; a
dielectric material between the el ectrode and the adhesive material,

wher eizp a_pd frdth@d of DA RirkRrEBhRisalo: a portion of the dielectric
materia and a portion of the el ectrode forma substantially planar surface;

and a pha§ce)rrﬁlfr1|8n eoggrtn%llga etc{}% r%g%na?‘nt' ally planar surface and

5 forming the electrode in the opening; and
removing a portion of the dielectric material so that a top surface of the electrode

is above a top surface of the dielectric material.

23, The method of claim 17, wherein forming the insulating material further
10 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 overlying the insulating material, wherein the adhesive

material is separated from the electrode by the insulating material.

15 24. A system, comprising:
a processor,
a wireless interface coupled to the processor; and
a memory coupled to the processor, the memory including:
an electrode;

20 an adhesive material;

a dielectric material between the electrode and the adhesive material,

wherein a portion of the adhesive material, a portion of the dielectric material,
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contacting the el ectrode, the adhesive material, and the dielectric
material. 25. The system of claim 24, wherein the dielectric materi al
contacts a portion of a sidewall of the electrode. 26. The system of claim
25, wherein the adhesive material surrounds an wupper portion of the
‘el ectrode and is separated fromthe electrode by the dielectric 10
material. 26

and a portion of the electrode form a substantially planar surface; and

a phase change material on the substantially planar surface and

contacting the electrode, the adhesive material, and the dielectric material.

5 25. The system of claim 24, wherein the dielectric material contacts a

portion of a sidewall of the electrode.
B 26. The system of claim 25, wherein the adhesive material surrounds an

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

1 O_ materiat.
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