LATERAL PHASE CHANGE MEMORY AND METHOD THEREFOR BACKGROUND Phase change

- menory devi ces use phase change materials, i.e., materials that my be
electrically 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 | ocal order across the entire spectrum between conpl etely anorphous and
conpletely crystalline states. 10 Typical materials suitable for such
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devices to reduce the current used to programthe phase change nmaterials.
change material that may be, in one application, electrically switched between a

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 fhe phase change materials are also non-volatile
in that, when set in either a crystalline, semi-crystalline, amorphous, or semi-amorpﬁous
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 Programming the phase change material to alter the phase or memory state of
the material is accomplished by applying aﬁ glecirical current through the material to
heat the material. Reducing the current applied to the phase change material may be
desirable to reduce power consumption of the memory device.

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

20 change memory devices to reduce the current used to program the phase change

materials.



BRI EF DESCRI PTI ON OF THE DRAW NGS The subject 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 net hod of operation, together wth objects,
features, and advantages thereof, may best be understood by reference to
the followi ng detail ed description when read with the acconpanyi ng draw ngs
in which: FIG 1 is a cross-sectional view of a portion of a phase change-
menory in accordance with an enbodi mrent of the present invention; 10 FIG
2 is a cross-sectional view of the menory of FIG | during fabrication in

accorggmpdgggRﬁﬂn@ﬁ)%' ﬂ@gt[)ghg@%@resent invention; FIG 3 is a
Cross~ ' ' f FIG 2 at a later st age of

fabrication; FIG 4 is a cross-sectional view of the structure of FIG 3 at
a | ater st hiyesobject attabrégsadedas theinenton is padicolasly geintiedralt anidew of t he
structure of Figure 4 through line 5-5; FIG 6 is a cross-sectional view

of t Fmsﬁrsdﬂtwwﬁfecph thé @onauat l_gapérﬁbﬁrof %@Qﬁeé?ffcatﬁ)ﬁbrﬂfé‘b#é%@m inveRtio, IS a
top view of the structure of at the stage of fabrication illustrated
20 1 r]1owever both as to organization and method of operation, together with objects,

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 phase change memory in
accordance with an embodiment of the present invention;
10 | FIG. 2 is a cross-sectional view of the memory of FIG. 1 during fabrication in
accordance with an embodiment of the present invention;
FIG. 3 is a cross-sectional view of the structure of FIG: 2 at a later stage of
fabrication;
FIG. 4 is a cross-sectional view of the structure of FIG. 3 at a later stage of
15  fabrication; |
FIG. 5 is a cross-sectional view of thé structure of Figure 4 through line 5-5;
FIG. 6 is a cross-sectional view of the structure of FIG. 5 at a later stage of

fabrication;

FIG. 7 is a top view of the structure of FIG. 6 at the stage of fabrication illustrated

20 inFIG.6;

FIG. 8 is a cross-sectional view of the structure of FIG. 6 at a later stage of

fabrication;



FIG 8 is a cross-sectional view of the structure of FIG 6 at a |ater
-stage o fabrication; FIG 9 is a cross-sectional view of the structure of
FIG 8 at a |later stage o fabrication; FIG 10 is a top view of the
_structure of FIG 9 at the stage of fabrication illustrated in FIG 5 FIG
.11 is a top view of the structure of FIG 10 at a | ater stage of
fabrication; FIG 12 is a cross-sectional view of a portion of a phase
change nmenory in accordance with anot her enbodi nent of the present
invention; FIG 13 is a cross-sectional view of a portion of a phase change
menory in accordance wth another enbodi nent of the present invention; 10
FIG 14 i r menory in
coor dance o I Bnehor bl VeRnohp JRENL SR ERG. 8 Faneler sl "o 1 L &
schemmtic diagramillustrating a nenmory array in accordance with an

enmbodf tiogi “t he present invention;, and FIG 16 is a block diagram
illustrating a portion of a system i n accordance with 15 an enbodi nent of
t he presefGi h énaitomviewt ofdihel stheturp mf &4Gal atl thehstiageaf fabmgationi ty and
clarity of illustration, elements illustrated in the figures have not
neceg@gfﬂa{é@ iRegE. @rawn to scale. For exanple, the dinensions of sone of
the el enents are exaggerated relative to other elements for clarity.

' r%;)tegte re q ME F 1 Fsoé] c':;:(»j \%E%doﬁﬁgrs?r%c{uaré %f Fféf ? (5 ap ?ater S arg%I gf fagxgat%%en

FIG. 12 is a cross-sectional view of a portion of a phase change memory in
accordance with another embodiment of the present invention;

FIG. 13 is a cross-sectional view of a portion of a phase change memory in
accordance with another embodiment of thé present invention;

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

embodiment of the present invention; and

FIG. 16 is a block diagram illustrating a portion of a system in accordance with

15  an embodiment of the present invention.



anong the figures to indicate correspondi ng or anal ogous el enents. DETAI LED
- DESCRIPTION In the foll ow ng detail ed description, nunerous specific

details are set forth in order to provide a thorough understandi ng of the
_ present invention. However, it will be understood by those skilled in the
.art that the present invention may be practiced 10 without these specific
details. In other instances, well-known nethods, procedures, conponents
and circuits have not been described in detail so as not to obscure the
present invention. In the follow ng description and clains, the terns
"coupl ed" and "connected,"” along with their derivatives, may be used. It

shoul d be : . ten ' ded as nonyns for
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i ndi c,@:e that two_or nore elenents are in direct physical or electrical

cont défstigted Inkieigiras have aglipperpsanity berrmdrawmto seale.oForexamplesitiat s are
in direct physical or electrical contact. However, "coupled" may al so nean

t hat dinvensionsmisens efithateeraeatsnuot dxagdiersted relativaed otvek Blerashsgoher , but
yet still co-operate or 20 interact wth each other. Turning to FIG 1, an
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130 and 140 may be fornmed on a dielectric material 150, which may be

referred to as a base
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
understood by those skilled in the art that the present invention may be practiced
10 - without these specific details. In other instances, well-known methods, procedures,
éomponents and circuits have not been described in de;ail S0 as .not to obscure the
present invention.
In the following description and claims, the terms "coupled” and "connected,"
along with their derivétives, may be used. It should be understood that these terms are
15 notintended as synonyms for each other. Rather, in particular embodiments,
“connected” may be used to indicate that two or more elemelnts are in direct physical or
electrical contact With each other. "Coupled" may mean that two or more elements are
in direct physical or electrical contact. However, "coupled” may also mean that two or
more elements are not in direct contact with each other, but yet still co-operate or
20 interact with each other.

Turning to FIG. 1, an embodiment of a portion of a phase change memory 100 is



5 material in this exanple. Insulators 160 and 170 may be fornmed on

-el ectrodes 130 and 140, respectively. A dielectric layer 180 nay be forned
on portions of phase change material 120 and insulators 160 and 170. It

~should be noted that the scope of the present invention is not limted by

. the particular arrangenent or structure of phase change nmenory 100. In
alternative 10 enbodi nents, phase change nenory 100 nmay be arranged
differently and include additional |ayers and structures. For exanple, it
may be desirable to formisolation structures, address |ines, peripheral
circuitry (e.g., addressing circuitry) , etc. It should be understood that

the apsanfedOPHAiRIRaRLE nﬁl@h’ﬁ)rgq 00Gha@ cbh{ﬁ)‘n%éta' @By ElFnerCORE 4t t he

present invent | on FIG 1 has been sinpl ed to i1llustrate how phase 15
change ctrodes 130 .a
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mat eri al deposited on d|eIectr|cIa er. FIGS. 2-4 may be used to
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el ectrodes 130 and 140 (FIG 1) may be forned froma single |ayer of
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present invention is not [imted in this respect. In addition, FIGS. 2-4
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from a single layer of dielectric material 240 (FIG 2), wherein
I nsulnadterial 18Danad thsLifdtorsay®and 170.

It should be noted that the scope of the presentl invention is not limited by the
particular arrangement or structure of phase change memory 100. In alternative
10 embodiments, phase change memory 100 may be arranged differently and include
additional layers and structures. For example, it may be desirable to form isolation
structures, address lines, peripheral circuitry (e.g., addressing circuitry) , etc. It
should be understood that the absence of these elements is not a limitation of the
scope of the present invention. FIG. 1 has been simplified to illustrate how phase
15 change material 120 may be formed between electrodes 130 and 140.

Electrodes 130 and 140 may be forrﬁed from a single layer of conductive
material deposited on a dielectric layer. FIGS. 2-4 may be used to illustrate to an
embodiment for fabricating memory element 110, wherein electrodes 130 and 140 (FIG.
1) may be formed from a single layer of conductive material 230 (FIG. 2). In one

20 embodiment, electrodes 130 and 140 may be separated from each other by a sub-
lithographic distance. For example, in one embodiment, electrodes 130 and 140

‘may be separated by a distance of less than about 1000 angstroms, although the



separated from each other by a sub-lithographic distance. 5 A
-sub-lithographic distance nay refer to a distance that is less than a
feature size of a structure. The feature size of a structure may refer to
~the mninmum dinmension achi evabl e usi ng photolithography. For exanple, the
. feature size may refer to a wdth of a material or spacing of materials in
a structure. As is understood, photolithography refers to a process of
transferring a pattern or image 10 fromone nmediumto another, e.g., as
froma mask to a wafer, using ultra-violet (UWV) light. The mninumfeature
size of the transferred pattern may be limted by the limtations of the

W 1 i glbhe & Heditesent #ivBRBion 3 nBt TRIFIORSIHISRSPeBRN 1A BditbRAFMSS. Sisze _may

be referred to as sub-lithographic distances, sizes, di mensions. For
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or
exanpl e, , sone ,str.ucture have feature sjzes of 00 angstrons. In
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a wdth of 1less than about 2500 angstrons. Several techniques may be used
t o adéyarwd diriectric rhatgrialb®d & (RG@hsvlarsin insliabargdiett dred $60 poapfbet he present
invention is not limted in this respect, phase shift nask, electron beam
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l'i t hographi ¢ di mensions. ectron beam lithography may refer to a
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for transferring patterns to a silicon wafer in which the el ectromagnetic
r adi aizeoaf astuctyex- Fhg featarssizetdiansusiuse enay seffeattp dhe rminémyfort er
wavel ength for X-rays (e.g., about 10-50 angstrons, versus
dimension achievable using photolithography. For example, the feature size may
refer 1o a width of a material or spacing of materials in a structure. Asis
understood, photolithography refers to a process of transferring a pattern or image
10  from one medium to another, e.g., as from a mask to a wafer, using ultra-viclet
(UV} light. The minimum feature size of the transferred pattern may be limited by
the Iimitation§ of the UV light. Distances, sizes, or dimensions less than the
feature size may be referred to as sub-lithographic distances, sizes, or dimensions.
For example, some structures may have feature sizes of about 2500 an-gstroms. In
15  this example, a sub-lithographic distance may refer to a feature having a width of
less than about 2500 angstroms.
Several techniques may be used to achieve sub-lithographic dimensions.
Although the scope of the present invention is not limited in this respect, phase shift
mask, electron beam lithography, or x-ray lithography may be used to achieve sub-
20 lithographic dimensions. Electron beam lithography may refer to a direct-write

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

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



about 2000- 3000 angstrons for ultra-violet radiation) may reduce
-diffraction, and nay be used to achieve feature sizes of about 1000
angstrons. Al so, sidewall 5 spacers nay be used to achi eve sub-1|ithographic
~dinmensions. FIGS. 2-4 may be wused to illustrate the use of sidewall
spacers to achieve sub-lithographic dinensions. Turning to FIG 2,
conductive material 230 may be formed on dielectric material 150.
Dielectric material 150 nay be fornmed froma variety of materials such as,
for 10 exanple, silicon dioxide, silicon nitride, or other material. As an
exanpl e, conductive material 230 nmay be formed on dielectric material 150

may. RETERR R BB Rl R Mo TR R e Vi ng ot

not limted to titanium tungsten, titaniumnitride (TiN) or titanium

al unfasiigtian. tihedehqrigravry elengdh et XJays dbite. abeut 1 8dD aagetrpals, veysushcl ude a
15 pol ycrystalline sem conductor material such as polycrystalline silicon,
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respect. Conductive nmaterial 230 may have a thickness rangi ng from about
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Dielectric material 240 may be silicon dioxide, silicon nitride, or other
di elwsedrtocillustrate the use of sidewall spacers to achieve sub-lithographic
dimensions.
Turning to FIG. 2, conductive material 230 may be formed on dielectric material
150. Dielectric material 150 may be formed from a variety of materials such as, for
10 example, silicon dioxide, silicon nitride, or other material. As an example, conductive
material 230 may be formed on dielectric material 150 using a physical vapor deposition
(PVD)}) process. Conductive material 230 may be carbon or a semi-metal such as a
transition metal, including but not limited to titanium, tungsten, titanium nitride {TiN) or
titanium aluminum nitride (TiAIN). Another suitable electrode material may include a
15 polycrystalline semiconductor material such as polycrystalline silicon, although the
scope of the present invention is not Iimit;ad in this respect. Conductive material
230 may have a thickness ranging from about 50 angstroms to about 250
angstroms, although the scope of the present invention is not limited in this
respect.
20 After the formation of conductive layer 230, a layer of dielectric material 240

may be formed on conductive material 230 using a chemical vapor deposition (CVD)

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

7



material. Dielectric material 240 may have a thickness rangi ng from about
25 angstrons to about 500 angstrons, although the scope of the present
invention is not limted in this respect. Another |ayer of dielectric
~material 250 such as, for exanple, an oxide or 5 oxide nitride, may be
_formed on dielectric material 240. An opening 255 having sidewalls 256 may
be formed by etching dielectric material 250. Opening 255 nay be a via or
a trench, although the scope of the present invention is not limted in
this respect. As an exanpl e, opening 255 nay be fornmed by applying a | ayer
of photoresist material (not shown) on dielectric material 250 and
expos not shown) may be

I ng this..10 photoresi,s terjal to Light. A mask (
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may bengsfemsdd atmuESED wegsEbols, aBhpughdaheatcopendytheeprager ekntibgitisc or
pl asma (i on bonbardnent) etch, which nay be referred to as a dry etch. If

openi A8t RpetSnftAlBA 84 Ng phot ol i t hographic 15 techni ques, the dianeter
or wiwdth of opening 255 may be at | east one feature size. FIG 3
i ntroduction of a

il lustrateg the structure of .FIG 2 r the canfornal
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dielectric material 250, along sidewalls 256, and on a portion of

di%el eexige qitigleemay beformedionadielectiic enataris! 240y Al epecing 25hdiaringl 260
may include silicon dioxide, silicon nitride, or polysilicon, 20 although
the ssigp@aité 2BEMRFyESE Rdrnhdl BRteteingsdidrRttrid Mdtedall 250 NiGp&MRgSH5 may

Dielectric material 260 nay have a smaller thickness conpared to dielectric
be a via or a trench, although the scope of the present invention is not limited in
this respect. As an example, opening 255 ma'y be formed by applying a layer of
photoresist material {not shown) on dielectric material 250 and exposing this

10 photoresist material to light. A mask (not shown) may be used to expose selected
areas of the photoresist material, which defines areas to be removed, i.e., etched.
The etch may be a chemical etch, which may be referred to as a wet etch. Or, the
etch may be an electrolytic or plasma {ion bombardment) etch, which may be
referred to as a dry etch. [f opening 255 is formed using photolithographic

15 techniques, the diameter or width of opening 255 may be at least one feature size.

FIG. 3 illustrates the structure of FIG. 2 after the conformal introduction of a
dielectric material 260. Dielectric material 260 may be formed over dielectric material
250, along sidewalls 256, and on a portion of dielectric material 240. Suitable materials
for dielectric material 260 may include silicon dioxide, silicon nitride, or polysilicon,

20  aithough the scope of the present invention is not limited in this respect.

Dielectric material 260 may have a smaller thickness compared to dielectric

material 250. By way of example, dielectric material 260 may have a thickness



material 250. By way of exanple, dielectric material 260 nmay have a

-t hi ckness rangi ng from about one-sixth (116) of a feature size to about
one-third (1 /3) of a feature size, although the scope of the present
~invention is not limted inthis respect. As nay be appreciated, the

. introduction of dielectric material 260 reduces opening 255 (FIG 2). A
smal | er opening, i.e., opening 265 may be fornmed using 5 dielectric
material 260. The width of opening 265 is |less than the wi dth of opening
255, and nmay be a sub-lithographic width. The portions of dielectric
material 260 along sidewalls; 256 nay be referred to as sidewal | spacers
261 . _ r d 262 may
bo. udBpiF Trosp %%éaé%?ﬁ I, PREROPLR sl SHR oREARRIT PAoRRY 207 Ty
enbodi ment, the width of 10 openjng 255 (FIG , 2). may be abqut one feature
si ze featHEe sRe. @'ﬁhewfé%*ée §F0Be of dbe Presentdpwentian Lsawmw'tsé IRHBSen so t hat
the wdth of opening 265 (FIG 3) is about one-third the size of opening
255. rdspeone Asnivadi beeapprecheed) thehinofodopennngf dékectricayaberidl &80 tddhucesbout
1000 angstrons, although the scope of the present invention is not limted
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materfal s*23 moved us an etch process
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such as, for exanple, an anisotropic etch may be used to renobve portions
of nBBEr hed sn@Bbe P 40b-ditbgréphict Weitbby Therprrtigng ®@falielectridomtedad 26@ 140
from conductive material 230 and formng insulators 160

along sidewalls 256 may be referred to as sidewall spacers 261 and 262. Thus, as

may be appreciated, sidewall spacers 261 and 262 may be used to form opening
265 that may have a sub-lithographic width. In one embodiment, the width of

10 opening 255 (FIG. 2) may be about one feature size, and the thickness of dielectric
material 260 may be chosen so that the width of opening 265 (FIG. 3) is about
one-third the size of opening 255. In one embodiment, the width of opening 265
may be less than about 1000 angstroms, although the scope of the present
invention is not limited in this respect.

15 After dielectric material 260 is formed, portions of materials 230, 240 and
260 may be removed using, e.g., an etch’ process. FIG. 4 illustrates the structure
of FIG. 3 after the patterning of materials 230, 240, and 260. Turning to FIG. 4,
in one embodiment, a dry etch such as, for example, an anisetropic etch may be
used to remove portions of materials 230, 240 and 260, thereby forming

20 electrodes 130 and 140 from conductive material 230 and forming insulators 160
and 170 from dielectric material 240. In one embodiment, electrodes 130 and 140

may be separated from each other by a sub-lithographic distance and insulators

]



and 170 fromdielectric material 240. In one enbodi nent, electrodes 130 and

-140 nmay be separated from each other by a sub-Iithographic distance and
insulators 9 160 and 170 may be separated from each other by a
s-ub-1ithographic distance. The process of formng a sub-Ilithographic

- di mensi on using sidewall spacers illustrated with reference to FIGS. 2-4
may al so be referred to as a sub-lithographic etch. Dielectric materials
260 and 250 may be renoved after the formation of 5 el ectrodes 130 and 140,
al t hough the scope of the present invention is not limted in this.
respect. In one enbodi nent, after form ng of el ectrodes 130 and 140 and

i nsul ’ 7 a se change,material may be di sposed between
el ect f%gea?dlég@ %béfgpgﬁgng%eﬂ?cgr@ﬂﬁé ¥rassub-gthagrarhicrdistances

il us.{:rated in FIG 1. O, in an 10 alternate enbodi nent, nore sidewal |
spacer€ RE3ress ofietming @ sbidéhewrephimdimersiion phingesidbargespreay | al bet ween
el ectrodes 130 and 140. For exanple, the thickness of the phase change
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FIG 1-4) may be reduced by di sposing nore sidewal |l spacers t he
depogid Ol; enRbans rial,. FIGS. 5-10 may be used to 15
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Y devvF\II a1 ers y be used to reduce the space between el ectrodes 130
a$1d ff&t'ﬁﬂrzgr %ld)af’ i @idnted Geaseppenet the plests0 rbemieenisaiaqimiesgs 1 30

and 140. FIG 5 is a cross-sectional view of nenory element 1 10 through
| i nelstigs respect.
In one embodiment, after forming of electrodes 130 and 140 and insulators
160 and 170, a phase change material may be disposed between electrodes 130
and 140 and between insulators 160 and 170 as is illustrated in FIG. 1. Or, inan
10  alternate embodiment, more sidewafl‘spacers may be used to reduce the amount of
phase change material between electrodes 130 and 140. For example, the
thickness of the phase change material in the z-direction {orthogonal to the XY
perspective shown in FIG. 1-4) may be reduced by disposing more sidewall spacers
prior to the deposition of the phase change material. FIGS. 5-10 may be used to
15  illustrate an embodiment for fabricating memory element 110, wherein sidewall
spacers may be used to reduce the spac;a between electrodes 130 and 140 prior to
forming phase change material 150 between electrodes 130 and 140.
FIG. 5 is a cross-sectional view of memory element 110 through line 5-5 of
Figure 4. FIG. 5 provides a view of memor\.f cell 100 that is orthogonal to the view
20 shownin FIG. 4 (i.e., an ZY perspecti-ve) during a later state of fabrication. In FIG.

5, dielectric material 150 is illustrated.

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

10



Figure 4. FIG 5 provides a view of nmenory cell 100 that is orthogonal to
the view 20 shown in FIG 4 (i.e., an ZY perspective) during a |later state
of fabrication. In FIG 5, dielectric material 150 is illustrated. FIG 6
illustrates the structure of FIG 5 after the form ng and patterning of a
.10 dielectric material 450. In one enbodinent, dielectric material 450 may
be formed on dielectric material 150 using a CVD process. Suitable
materials for dielectric material 450 may include silicon dioxide or a | ow
K dielectric material, although the scope of the present invention is not
limted in this respect. Dielectric material 450 may have a 5 thickness

rangi 0 3000, _an ons,, although the
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455 having sidewalls 456 may be forned by etching dielectric material 450
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al t hough the scope of the present inventionis not limted in this

r es pet( mal ingade sijcdd Qidxidd or avuly KSdiseclit PR diHRAGARRKE Gcbes BRtgkies.

the width of opening 455 may be at |east one feature Size. FIG 7 is a top

Vi ew : : e t illustrated in FIG
6. * AdTE ST IRIShURIT RO rhia ) 11 FoctleRE” CALeERRI AR F3p i Pig = e
-renoved during the _etch operation to form opening 455 so that portions of
1 ditgﬁcée??? Engipe fiom abegy 1008hangstrams teegbass 88gFirgmsg althiougthr at es

the structure of FIG 6 after the conformal introduction of a
the scope of the present invention is not limited in this respect. An opening 455

having sidewalls 456 may be formed by etching dielectric material 450 using an
anisotropic dry etch. Opening 455 may be a via or a trench, although the scope of
the preéent invention is not limited in this respect. If opening 455 is formed using

10  photolithographic techniques, the width of opening 455 may be at least one feature
size.

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

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

FIG. 8 illustrates the structure of FIG. 6 after the conformal introduction of a
dielectric material 460. Dielectric material 460 may be formed over dielectric material
450 and along sidewalls 456. Suitable materials for dielectric material 460 may include
silicon dioxide, silicon nitride, or low K dielectric material, although the scope of the

20  present invention is not limited in this respect. Dielectric material 460 may have a
smaller thickness compared to dielectric material 450. By way of example, dielectric

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

i1



dielectric material 460. Dielectric material 460 nay be fornmed over
~dielectric material 450 and along sidewal s 456. Suitable materials for
dielectric material 460 may include silicon dioxide, silicon nitride, or
low K dielectric material, although the scope of the 20 present invention
.is not linmted in this respect. Dielectric material 460 may have a smaller
t hi ckness conpared to dielectric material 450. By way of exanple, .
dielectric material 460 nay have a thickness ranging from about one-sixth
of a feature size to 11 about one-third of a feature size, although the
scope of the present invention is not Iin}te26in %Eis rgfﬁec$. An ppenhgg
465 i j.el.ectri.c teria , e W of . openi ng
may gg%%‘?ﬁﬁ%‘?‘f“im?‘ﬁ83?"61%%.‘@”9&'6‘%@'*%@ TUIRE o theypresert Mventiendsingt 460
along.sidewal | s 456 may be referred to as sidewall spacers 5 461 and 462.
I n ondMEREJRItHSHESPERle ANRIENING dFdninay bs forpRidusiey dielpchic atzaatial one

feature size, and the thickness of dielectric material 460 nay be chosen so

that 460e Thelidtf obppeming 465 nidy Fe aBJub-BtidRPabhie Witk T thi herBbRs g
openi ng 455. For exa?rpl e,g t he V\;iﬂdt h of openi n%ﬁ 465, i.e., t@ di st ance

bet k6l : y : 6Znsmay pe [ess than abput 1000 anstromns.
18 ngﬁ Eﬁ@g%?lagﬁngtaeornfgg%d%g% “?s%%r"?}%’d,ged?%r%eé{% Es X ?@Fpmfrrglyebeig
patt d usj tch cess. FIG_ 9 illustrates the structure o

2Pt er1 hend g o ihiog smbavigranti the widifee! apeaios, 476 HC gt mayii@ aBout n one

enbodi ment, a dry etch such as, for exanple, an anisotropic etch may be

used are festunessize earehtiir thick@esdsnof dietadirit intdtegaPPBONYY Behchodeh €ehat

enbodi ment, the width of trench 475 may
the width of opening 465 {FIG. 8) is about one-third the size of opening 455. For
example, the width of opening 465, i.e., the distance between sidewall spacers
461 ;:md 462, may be less than about 1000 anstroms.

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

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

FIG. 10 is a top view of memory element 110 at the stage of manufacture
ilustrated in FIG. 9. As is seen in FIG. 10, portions of dielectric material 460 may
be removed during the etch operation to form trench 475 so that poertions of

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

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

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

12



15 be less than about 1000 angstrons, although the scope of the present
“invention is not limted in this respect.. FIG 1 0O is a top view of
menory element 1 10 at the stage of manufacture illustrated in FIG 9. As
is seen in FIG 10, portions of dielectric material 460 may be renoved

. during the etch operation to formtrench 475 so that portions of 20
dielectric materials 1 50, 160, and 170 nmay be exposed. In one enbodi nent,
after formng trench 475, phase change material 120 may be forned between

sidewal | spacers 461 and 462, between el ectrodes 130 and 140, and between
insulators 11. 160 and 170, FIG 11 is a top view of the structure of FIG
10 at1gplaHgery7otage of fabrication. FIG | | illustrates nmenory el enment

110 after the deposition of phase change material 120 in opening 475,
bet ween si cers 46 nd 462, el ectrodes 130 and 140, and
bet ween m@&mglt of'ss Ojl‘fge StﬂsCtH‘éf'yOEg fﬁ&éé@a‘?@i sigge ey at | east one

sub-lithographic process e sidewal |l spacers, to formnenory elenent | 10
may riabicatiome FAGDlAtillostrateaopermvey wimmert &t0rafttesthe Mepasitidn 6 phdsbet ween
i nsulators 160 and 170, thereby reducing the anmount of phase change

mat erd!ﬁng@&hﬂﬁ@%l alz@cwmﬁﬁnéaﬁz@%tmn Sdevhsll @%Eér'sb%h wWnidhgsef erence to

FIGS. 2-4, the space between el ectrodes 130 and 140 where phase change
R R B R e R R e
As may be appreciated, using at least one sub-lithographic process, e.g.,
sidewall spacers, to form memory element 110 may reduce the amount of space
between electrodes 130 and 140 and between insulators 160 and 170, thereby
reducing the amount of phase change material between electrodes 130 and 140.

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

Referring back to FIG. 1, insulators 160 and 170 may provide electrical

15 and/or thermal isolation. Insulators 130 and 140 may assist in limiting the ochmic
contact area between phase change matsrial 120 and electrodes 130 and 140. In
_the embodiment illustrated in FIG. 1, only a surface or edge 131 of electrode 130 is
contacting a portion of phase change material 120. In addition, only a surface or
edge 141 of electrode 140 is contacting phase change material 120. Also shown

20 in FIG. 1, edge 161 of insulator 160 may be continuous and aligned to edge 131 of

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

edge 141.
13



bet ween el ectrodes 130 and 140 in the z-direction may al so be
-sub-lithographic. Referring back to FIG 1, insulators 160 and 170 nay
provi de el ectrical 15 and/or thermal isolation. Insulators 130 and 140 nay
assist inlimting the ohmc contact area between phase change nateri al
. 120 and el ectrodes 130 and 140. In the enbodinent illustrated in FIG 1,
only a surface or edge 131 of electrode 130 is contacting a portion of
phase change material 120. In addition, only a Surface or edge 141 of
el ectrode 140 is contacting phase change material 120. Al so shown 20 in
FIG 1, edge 161 of insulator 160 nmay be conti nuous and aligned to edge 13

el ectrode nféjﬂ i ng i us al i gned
to edge 1 I%RO@QAt gw;%énn%f%r1ﬂrﬁf#§%¥rg’€eodlgﬁ%s#'§wa3%{8r g?@cf"\ﬁa?ﬁo
insulators 160 .and 170, this is pnot a limtation of the present invention.
I'n altgégr BRY 2fipu@tiesfisthenrigseqt inveshien: 'n alteragie eabpdimentswimenary

I nsulators 160 and 170. As di scussed above, in one enbodi nent, the sane

et chigkgmeptd 40 may ey fdvmedseithbat fireulators NS@ atd Ny ol 6 adibclE8ednd

el ectrodes 130 and 140. In another enbodi nent, separate etching operations

may R@oveeth BﬁefeHHBdiM%H{,aﬁh%rssarﬂd@%t&ﬂg ?@ﬁ%&aﬁ\ﬁ%@gggﬁgﬁ%ﬂd 140.

After formng el ectrodes 130 and 140 . , phase
oot TREe 250 a0 378 dorbSlesio st 19 R 1o R PBRUST STEANEREMS 160 and.
170. Portions of phase change '
separate etching operations may be used to form insulators 160 and 170 and
electrodes 130 and 140.
After forming electrodes 130 and 140 and insulators 160 and 170, phase change
material 120 may be formed between insulators 160 and 170, between electrodes 130
10 and 140, and overlying a portion of insulators 160 and 170. Portions of phase change
material 120 may be in electrical communication with portions of electrodes 130 and
140. Examples of phase change material 150 include, but are not limited to,
chalcogenide element(s) compositions of the class of tellurium-germanium-antimony
(TexGeySbz) material or GeSbTe alloys, aithough the scope of the present invention is
15 not limited to just these. Alternatively, another phase change material may be used
whose electrical properties (e.g. resistance-, capacitance, etc.) may be changed through
the application of energy such as, for example, light, heat, or electricai current.
After forming phase change material 120, a dielectric material 180 may be
formed over phase change material 120 and insulators 160 and 170. Although the
20 scope of the present invention is not limited in this respect, dielectric material 180 may

be silicon dioxide, silicon nitride, or other material. Dielectric material 180 may be

referred to as an encapsulator.

14



material 120 may be in electrical comrunication with portions of el ectrodes
- 130 and 140. Exanpl es of phase change nmaterial 150 include, but are not
limted to, chalcogenide elenent(s) conpositions of the class of
~telluriumgermani umantinony (TexGeySbz) material or GeSbTe all oys,
. al though the scope of the present inventionis 15 not limted to just
these. Alternatively, another phase change material may be used whose
el ectrical properties (e.g. resistance, capacitance, etc.) may be changed
through the application of energy such as, for exanple, light, heat, or
el ectrical current. After form ng phase change material 120, a dielectric

mat eri al e mat |aI 120 nd I n ators
160 and 1%99%%{ Ef?gﬂf pﬁé@gﬁﬂgﬁ eﬂﬂﬂéﬁ? Eﬂgq%%ﬁ?{ RVERE YrPh %Sen%fﬂj?m' t ed
inthis re ct, dielectric naterlal 180 may be silicon dioxide, silicon
mtn"&%te”BfR@cht%‘? ageRrBPlished by @pebting ¥oltage poaentials tamjedteodese] 30rasdi t 0 as
an encapsul ator. 14 Progranmm ng of phase change material 120 to alter the

st at §46r. Pbrsxarable;, hevoltagecpomintiahyifheencs oMMiIsSitem dboRPle/ Lol YAy age
potentials to el ectrodes 130 and 140. For exanple, a voltage potenti al

diff f t anpld acro he phase
changg naf[ﬁgglag}' 126@@%@19% r%é %B%rﬁ)g'fﬁvcg%%o F{%’?y'ﬁg Jémgjqefhvier‘(’)‘gg ﬁ40 and
. aiout| z}%&?j vﬂ‘és t.o.el ectrode 130. A current may flow through t he phase
anfSCTRes 149 2P aboyh 3RER VRS iR elemmde d 300l M@é’rqiﬁtr@ﬁv. lave thepughhay
result in heating of phase change material 120 and el ectrodes 130 and 140.
Thi sthenghasenghange alatenialtineesponmeytostiat appliedphaisayopotmits, cdmngayat er i al
120.
result in heating of phase change material 120 and electrodes 130 and 140. This

heating may alter the memory state or phase of phase change material 120.
The voltage potentials needed to transition phase change material 120 from
10 one state to another may be directly proportional to the distance between
electrodes 130 and 140. Accordingly, decreasing the distance between electrodes
130 and 140 may also decrease the voltage potentials needed to transition phase
change material 120 from one memory state to another memory state. For
example, in one embodiment, if the distance between electrodes 130 and 140 is
15  approximately 1000 angstroms, a voltage potential difference of about two voits
may be applied across the portion of phas‘e change material 120 hetween
electrodes 130 and 140 to induce a current to heat these materials. This voltage
and current may be sufficient to alter the state of phase change mater from a
generally amorphous state to a generally crystalline state. Reducing the voltage
20  and current used during operation of memory element 110 may also reduce power
consumption of phase change memory 100.

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

15



The vol tage potentials needed to transition phase change material 120 from
-10 one state to another may be directly proportional to the distance
bet ween el ectrodes 130 and 140. Accordingly, decreasing the distance
bet ween el ectrodes 130 and 140 may al so decrease the voltage potentials
. heeded to transition phase change material 120 from one nenory state to
anot her nenory state. For exanple, in one enbodinent, if the distance
bet ween el ectrodes 130 and 140 is 15 approxinately 1000 angstrons, a
vol tage potential difference of about two volts may be applied across the
portion of phase change material 120 between electrodes 130 and 140 to

I nduc i i ql t .CUurrent my be
sur 1 25 areet BATs Sertiinat el 40 B Bt Srad L Pall R PRo Y G S They

anor phous state to a generally crystalline state. Reducigg the voltage 20
and ctftant aipschetaranhasseshanasnmetenanoty asd @legitodesol ddyansl 40/ daisce
power consunption of phase change nenory 100. As discussed above,

i nsulratiocss 1160 vaiwind 60 phaye thande hiwreciant 20tthat RasdifebetoVprigrafimsiigchange
material 120 and el ectrodes 130 and 140. By |limting the contact area

bet V‘ﬁﬁrbtﬂgra%rgﬁ,aﬁ\%ere bt }ogjrg&nl‘%ﬂ%zﬁ ﬁ?});% ﬂq’gﬁnéﬁ?ggpgf gtﬁg’re RBSef ' €duces

t he vol une of ase change teria IS 'S rogranmmng. 1In
i.e., the

Togi Ghar hapRadenehiah2Orun o TR0 suBfact "B e eSPABSE 1 f ans! ti ons
In response to applied voltage potentials, is confined to a portion of
phas @pphed yeltage gotentidlg0is confined to a portion of phase change material 120

which is less than the total volume. Without insulators 160 and 170, the contact
area between phase change material 120 and electrodes 130 and 140 is increased.
This may increase the region of programming, which may increase the

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

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

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

120.

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

20 thickness and the technigue used to formed these dielectric materials may be selected -

depending on the desired characteristics of memory element 110. By providing this

insulation and confining the region of programming, the efficiency for programming

16



which is less than the total volune. Wthout insulators 160 and 170, the
-contact area between phase change naterial 120 and el ectrodes 130 and 140
is increased. This nmay increase the region of progranm ng, which may
~increase the 10 voltage/current needed to program phase change nateri al

. 120. The region of programm ng may be further limted by reducing the
anount of phase change material between el ectrodes 130 and 140 in both the
x-direction and z-direction using sub-Ilithographic techniques as discussed
above. Accordingly, a smaller portion of phase change material is subject
to programm ng, which may 15 decrease the anount of vol tage/current needed

bo LoRP s o B rRaz) rele Grdricel haafihl BRY bedndBRERITL, romory el oment

110. In addition to the exanpl es descri bed above, dielectric materials 150
and 180 nd\ierIsy airmeatv! KOdnay de feferrette asaA Kterphohase changaesemand t he
techni que used to fornmed these dielectric materials nmay be sel ected

depenthivige einckhirtesifiads Charalyt eel,sihiccRogioraner yhekafiRitiohl0As By
providing this insulation and confining the region of programm ng, the

ef 11 Siisfehioh AGOT, BB ieLS 8338 FASRAS, FREah M8, plaghebpct i cal

heatln may be i ncréa rre 0 as a

ter?‘?g se change, rerrl;&ry deV|ce since current flows laterally, i. in
ho™"28 nge npaerie PRWYElY aASOME PPP$] ShERIL AIMOTPH(Nqt shavep) ¢ odes

130 and 140 may be formed under portions of
may use memory cells having a vertical configuration, wherein electrodes are placed

above and below the phase change material so that electrical current flows in a
vertical direction.
Although the scope of the present invention is not limited in this respect, in

10 some embodiments, electrodes 130 and 140 may be symmetric in size and formed
from-the same material using the same processing operations, thereby decreasing
the cost and complexity of fabricating memory element 110. Electrodes 130 and
140 may be deposited prior to depositing phase change material 120, and
therefore, electrodes 130 and 140 may be prepared at higher temperatures

15 compared to the temperatures used to prepare phase change material 120. In
addition, in the embodiment illustrated in-FIG. 1, a relatively large portion of phase
change material 120 may be surrounded by insulators and a relatively small portion
of electrodes 130 and 140 may contact phase change material 120. Accordingly,
the structure illustrated in FIG. 1 may result in a relatively low power memory

20 element. Also, if electrodes 130 and 140 are symmetric in size, then these
electrodes may contribute equally to the heating of phase change material 120

during programming, which may increase the efficiency and reliability of memory
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5 phase change material, Alternatively , sone phase change nenories (not

-shown) nmay use nenory cells having a vertical configuration, wherein

el ectrodes are placed above and bel ow t he phase change material so that

~electrical current flows in a vertical direction. Al though the scope of

.the present inventionis not limted in this respect, in 10 sone

enbodi nents, el ectrodes 130 and 140 may be symetric in size and forned

fromthe same material using the sane processing operations, thereby

decreasing the cost and conplexity of fabricating nenory el enment 110.

El ectrodes 130 and 140 nay be deposited prior to depositing phase change
and therefore, electrodes 130 and 140 may be prepared at

material 1

hi gheF%%%gfm'ures 15 conpared to the tenperatures used to prepare phase
change material 120. In_ addition, in the enbodinent illustrated in FIG 1,
a rel ati velyming §e Ror # Roanethesiemodigisan gé memery alemer®01 h@yis be surrounded
by insulators and a relatively small portion of electrodes 130 and 140 may

cont aflisphase Ehedigenitidinent, idd@atofciGorshid@erirodé A80THAYBE YemOvbg USt r at ed
in FIG 1 may result in arelatively | ow power nenory 20 elenent. Also, if

cont rieit e L GaeRef B BUHR SbLE 167, Fukiakl d8ads BRVeleS 56/ Httfong
‘SPonehi ahdlectioa 38 X bevaies. A WhRSIHEHOR ABGL! EHIStor 160N SdaRhaRt 1 10’
o of electrode 130 are coplanar and contiguous. In other words, edges 131 and 161 are
angled with respect to dielectric material 150. In addition, insulator 170 and electrode
140 may be patterned so that an edge 171 of insulator 170 is beveled and an edge of
electrode 140 is beveled, and wherein edge 171 of insulator 170 and edge 141 of
10 electrode 140 are coplanar and contiguous. Forming electrodes 130 and 140 and
insulators 160 and 170 in fhis fashion may improve the contact between phase change
* material 120 and electrodes 130 and 140.
Turning to FIG. 13, another embodiment of memory element 110 is
illustrated. In this embodiment, insulator 160 and electrode 130 may be patterned
15 (e.g., etched)} so that edge 161 of insulator 160 is noncontiguous and not aligned to
edge 131 of electrode 130. For example, tr.we etch operation used to form insulator 160
and electrode 130 may be modified so that insulator 130 is etched further than
electrode 130. In addition, insulator 170 may be etched further than electrode 140 so
that edge 171 of insulator 170 is noncontiguous and not aligned to edge 141 of

20 electrode 140. Forming electrodes 130 and 140 and insulators 160 and 170 in this

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

130 and 140.
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illustrated. In this enbodinment, insulator 160 and el ectrode 130 may be
renoved (e.g., etched) or patterned so that an edge 161 of insulator 160
is bevel ed and an edge 5 131 of electrode 130 is bevel ed, and wherei n edge
- 161 of insulator 160 and edge 131 of electrode 130 are copl anar and
.contiguous. In other words, edges 131 and 161 are angled with respect to
dielectric material 150. In addition, insulator 170 and el ectrode 140 nmay
be patterned so that an edge 171 of insulator 170 is bevel ed and an edge of
el ectrode 140 is bevel ed, and wherein edge 171 of insulator 170 and edge
141 of 10 el ectrode 140 are copl anar and contiguous. Form ng el ectrodes 130

and 140 an H r : i ' ' | DY cont act
bet ween phgggdlﬁ?%gg@' %%ZE?@PQ%I%&;?E p@?%%? ﬁ?ﬁ%ﬂ%ﬂgﬁﬁgwﬁ%ﬁ?hg to
FI G F’ﬁ@ anRt her errbodi@nt of menory elenment 1 10 is illustrated. In this
erbodl S ChAnde MATEPY1 G InFldes BaPoee/smsning GePhase shaBge memed g
etched) so that edge 161 of insulator 160 is noncontiguous and not aligned

t o ed$e0 mey aiso éckede additiadd stftctures anph as switehisigodr sebertatévivesyeayd, to form
i nsulator 160 and el ectrode 130 nay be nodified so that insulator 130 is

et cheflgito et aisaes), ARRIGARLIARs, by 38ehddyifos] nsul ator 170 my be

etched further than electrode 140 so that e 71 of insulator 170 is
TRICo ! SR UL S P IO L i AR SRR 00 g
e SWstratp 550 it may be formed fiom & SemHeonductor material. Inthis embodiment,
a P-type dopant such as, for example, boron may be introduced in substrate 600. In
one example, although the scope of the present invention is not limited in this respect, a
suitable concentration of P-type dopant is on the order of above about 5x10" to about
10 1x10% atoms per cubic centimeters (atoms/cm?®), rendering substrate 600
representatively P++. Overlying substrate 600, in this example, may be P-type epitaxial
silicon 620. In one example, the dopant concentration is on the order of about 10" to
10" atoms/cm?®.
Phase change memory 100 may also include shaliow trench isolation (STI)
15 structures 630 formed in epitaxial silicon 620. STI structures 630 may serve to isolate
individual memory elements from one anofher as well as associated circuit elements
(e.g., transistor devices) formed in and on the substrate. In one embodiment, STI
structure 630 may be silicon dioxide, although the scope of the present invention is not
limited in this respect.
20 Phase change memory 100 may further include select devices 640 that may be
part of the address circuitry. Select devices 640 may be two metal-oxide

semiconductor field effect transistors (MOSFETs). One transistor may include
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Turning to FIG 14, an enbodi nent of phase change nenory 100 is
“illustrated. Phase change nenory 100 i ncludes nenory el enents 110. Phase
change nmenory 100 may al so i nclude additional structures such as sw tching
or select devices transistors or diodes), isolation structures, and

. address lines. 5 In the enbodiment illustrated in FIG 14, phase change
menory 100 conprises a substrate 600 that may be fornmed froma
sem conductor material. In this enbodinent, a P-type dopant such as, for

exanpl e, boron may be introduced in substrate 600. In one exanple,
al t hough the scope of the present invention is not Iimted in this respect,

2 SUebPkosranams al it hyRGiAPB3 P69, b aogggerng? aJ@tpéIe about

5x1018 to about 10 1x102 at oms per cubic centineters renderi ng

subst te 600. resern tivel n bstrate 600 this
cxamfBe" HRYSBOrERRy JAC LA eulpElAnss PPN 3B CPRF KRRy LT RHETES G5k 2BBpant
concentration is on the order of about 101 1017 atons/cnSB. Phase change
menoBp &G chapate §69. ncl ude shal l ow trench isolation (STI) 15 structures
630 forned in epitaxial silicon 620. STl structures 630 may serve to

isolate RedioHsIBB, BBUDEMHIBEBRMSDE n\pmwsoaétpbbﬁxs.@%nVWr#neaSb@%ﬁec' at ed

CIrCUIt el enent s (e g., transistor deV|ces formed in and on the

t I di d

7 nel et '?"s%’**S%FgPQ%ﬁ‘EeB%“%@Pm hoth® &R sbnterfiolion e o
. 20 Ph furth | ud |l ect d 640
o Sy DA 10'GRO FROVACAY & SOTBRICER (9., Mgl Slonlo@ibaags e RGPS ! wo

met al - oxi de
of the present invention is not limited in this respect. Conductive materials 653, 654,

and 658 may be, in one example, a refractory metal silicide such as cobalt silicide
{CoSi,). Conductive materials 653, 654, and 658, in one aspect, may serve as a
10 low resistance material in the fabrication of peripheral circuitry {e.g., addressing
circuitry} of the circuit structure on the chip. Conductors 652 and 654 together
serve as the wordline row (eg. Row 820 in FIG. 15).
Gates 655 and 659 of select devices 640 may be formed, in one example,
from a polysilicon material. In this example, gates 655 and 659 may be referred to as
15 asignal line or an address line. Gates 655 and 659 may also be referred to as a
column line (e.g., column lines 815 of FigL.Jre 15).
A dielectric material 660 such as, for example, Si02, may be formed surrounding
gates‘ 655 and 659. Conductive contacts 670, 675, and 680 may be formed from a
conductive material such as, for example, tungsten. Contacts 670 and 675 may be
20 lines that connect transistor 850 to electrode material 860 in FIG. 15. Contact 680 and
690 may be the voltage supply line 830 in FIG. 15. Conductor 690 may be formed from

a conductive material, such as, for example, aluminum.
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sem conductor field effect transistors (MOSFETs). One transistor may
-include 19 regions 651 and 652, conductive materials 653 and 654, and a
gate 655. The other transistor nmay include a regions 652 and 656,
~conductive materials 654 and 658, and a gate 659. Regions 651, 652, and

. 656 may be N-type doped polysilicon formed by the 5 introduction of, for
exanpl e, phosphorous or arsenic to a concentration on the order of about
1078 to about 1020 atons/cnB (e.g., N + silicon), although the scope of
the present invention is not limted in this respect. Conductive materials
653, 654, and 658 may be, in one exanple, a refractory met al silicide such

as cobal t |gishbGigde n6@?38h%?t thgfmey%rg c%féfa! Pﬁ.éﬁg %%BHbg in one

aspect, may serve as a 10 |low resrstanc Fater| PIcatt on of
crrcurtry) of the circuit structure

peri pher al c]g rcur tr g/ T(& addr ssr

on t RPOYRitR ‘H % 8Ay2 'ﬁll!t"’i Phihe PERsERE INentd-wor dl i ne row
(eg. Row 820 I n FI G 15). CGates 655 and 659 of sel ect devices 640 may be
formed, i rlGndSéxargshematit diagrampefl arsembodimenttofra memdry dnfsys80anpl e,

gates 655 and 659 may be referred to as 15 a signal |line or an address
i ne mdmbRs aemln PRcHiRE @?@%r of Bh&sd ehart | g..
coI um |i nes 15 of gure 15 Ah)gr e ect ric ter nfiterG %Mgﬂtcshéiggth(a‘?

T S LW S TSR i,
as ];n%rmoer);aarralyefi(}(g :Jnn usdte%néddcr:ggst, ﬁlr(r:egsSB ? g 082%n2n378530nt?12t lr)neay be used to
- program or read memory elements 810. Address lines 815, 820, and 830 may be
coupled, in one embodiment, to external addressing circuitry (not shown). Memory
elements 810 may comprise a MOSFET 850, a resistor 860, and a phase change
10  material 870.

Turning to FIG. 16, a portion of a system 900 in accordance with an embodiment
of the present invention is described. System 900 may be used in wireless devices
such as, for example, a personal digital assistant (PDA), a laptop or portable computer
with wireless capability, a web tablet, a wireless telephone, a pager, an instant

15  messaging device, a digital music player, a digital camera, or other devices that may be
adapted to transmit and/or receive informatron wirelessly.

System 900 may include a controller 910, an input/output (I/0) device 920 (e.g. a
keypad, display), 2 memory 930, and a wireless interface 840 coupled to each other via
a bus 950. [t should be noted that the scope of the present invention is not limited to

20 embodiments having any or all of these components.

Controller 910 may comprise, for example, one or more microprocessors, digital

signal processors, microcontrollers, or the like. Memory 930 may be used to store
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20 lines that connect transistor 850 to electrode material 860 in FIG 15.
- Contact 680 and 690 may be the voltage supply line 830 in FIG 15.
Conductor 690 may be formed from a conductive material, such as, for
. exanple, alumnum 2U It should be noted that the order or sequence of the
. operations described above to formnmenory 100 is not a limtation of the
present invention. FIG 15 is a schematic diagramof an enbodi ment of a
menory array 800. Menory array 800 may include a plurality of phase change
menory el ements 810 that 5 may be formed as nenory el ement 110 descri bed
above. In this exanple, the circuit o nenory array 800 includes address

I i nes _ u or read nor | ement s
810, - Rgaraa e andiighidd dpgs’sytin ??Bﬁ%@ Nﬁ%@ﬂiﬂ%iso PR%t%H%’E%%EéPﬁent o
' [ ' t . nor el enent s
compr Patof Tipiirasbal 41 exsutas bysontalr & Oing ioramssation pRewstoe 570

Turning to FIG 16, a portion of a system 900 in accordance with an

enbodiltkrand roay beeisedasestorel useefatanMesnetg V30! gy be irovieBd Wlomyr be used
in wireless devices such as, for exanple, a personal digital assistant

(PDA)more HiffBER tyfesPoN rhémo?y.cPHPH*%PIe%é}P%{%@Sﬁ%g%%EP@?&: é}éoﬁg :Ngg a

tablet, a wireless tel ephone, a page .
abapu e B Py B tarficth dtts MK b i yrloterBRERY SUCRASEIAT0 my
i nclude a controller 910, an input/output (1/0O device 920 (e.g. a
memory and/or a phase change memory such as, for example, phase change memory
100 illustrated in FIGS. 1, 12, 13, or 14.
1/O device 920 may be used by a user to generate a message. System 900 may
use wireless interface 940 to transmit and receive messages to and from a wireless
10 communication network with a radio frequency (RF) signal. Examples of wireless
interface 940 may include an antenna or a wireless transceiver, although the scope of
the present invention is not limited in this respect.
Although the scdpe of the present invention is not limited in this respect, system
900 may use one of the following communication air interface protocols to transmit and
15  receive messages: Code Division Multiple Access (CDMA), celiular radiotelephone
commuﬁication systems, Global System folr Mobile Communicatiohs {(GSM) cellular
radioteféphone systems, North American Digital Celtular (NADC) cellular radiotelephone
systems, Time Division Multiple Access (TDMA) systems, Extended-TDMA (E-TDMA)
cellular radiotelephone systems, third generation (3G) systems like Wide-band CDMA
20 (WCDMA), CDMA-2000, and the like.

While certain features of the invention have been illustrated and described

herein, many modifications, substitutions, changes, and equivalents will now occur to
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keypad, display), a nenory 930, and a wireless interface 840 coupled to

- each other via a bus 950. It should be noted that the scope of the present
invention is not limted to 20 enbodi nents having any or all of these

~ conponents Controller 910 nmay conprise, for exanple, one or nore

. mcroprocessors, digital signal processors, mcrocontrollers, or the |ike.
Menory 930 may be used to store 21. nessages transmitted to or by system
900. Menory 930 nmay al so optionally be used to store instructions that are
executed by controller 910 during the operation of system 900, and may be
used to store user data. Menory 930 may be provided by one or nore

; j latil
Tt %Ig%’c?ﬁmy@fg Al Ris/ ahé:rBForﬁft%@é Sndé'ﬁg%&th%?%é@;%{%@ﬁ%f Lidfdal! atll e

di ff

5 menory om access nmenory), a non-vo menory such as
a flash nmenory and/or a phase. change nenory such as, for exanmpl hase
chanddengdadis covgycals qqo&a@%ﬁ%ﬂqw Friehanges) a6 Pailen,n%ﬁ tﬁeﬁrUQ/S@'!TrB&%ii 920
may be used by a user to generate a nessage. System 900 may use w rel ess
i nt eiifv@né&io@40 to transmt and receive nmessages to and froma wreless 10
conmmuni cation network with a radio frequency (RF) signal. Exanples of
wireless interface 940 may include an antenna or a wirel ess transceiver,
al t hough the scope of the present inventionis not limted in this

- . respect. Although the scope of the present invention is not limted in this

respect, system 900 may use one of the follow ng comruni cation air
interface protocols to transmt and 15 receive nessages: Code Division
Mul tiple Access (CDVR), cellular radiotel ephone
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comuni cation systens, d obal System for Mbile Comrunications (GSM
-cellular radiotel ephone systens, North Anerican Digital Cellular (NADC
cel lul ar radiotel ephone systens, Tine Division Miltiple Access (TDWVR)
~ systens, Extended-TDIVIA (E-TDMA) cellul ar radiotel ephone systens, third
. generation (3G systens |ike Wde-band CDVA 20 (WCDMVA), CDMA-2000, and the
like. While certain features of the invention have been illustrated and
described herein, many nodifications, substitutions, changes, and
equi valents will now occur to those skilled in the art. It is, therefore,
to be understood that the appended clains are intended to cover all such
nmodi fi cat p@s,sand changes as fall within the true spirit of the invention.
23 Cdains . A nethod, conprising: formng a conductor material over a
substrate;, remvin a ortion of the conductor material to formtwo
el ectrodes- fro r{‘ﬁg'o cBﬂWGBF'BB' material, wherein the two el ectrodes are
separated by a sub-lithographic distance; and form ng a phase change
mat eri al foetmimea cohducino neltenaliydea.substrateet hod of claim 1, wherein
removi ng includes etching the conductor 10 material to formthe two

el ect r odegmoving a portion of the conductor material to form two electrodes from the
5  conductor material, wherein the two electrodes are separated by a sub-lithographic

distance; and

forming a phase change material between the two electrodes.

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

10 material to form the two electrodes.

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

15 portion of the phase change material.

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

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

5. The method of claim 3, further comprising removing a portion of the first
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3. The method of claim1l, further conprising formng a first dielectric

-material between a portion of the phase change material and a portion of a
first electrode of the two electrodes, wherein a second portion of the
first electrode contacts a second 15 portion of the phase change materi al .

. 4. The nmethod of claim3, further conprising renoving a portion of the
first dielectric material and the first electrode so that an edge of the
first dielectric material is beveled and an edge of the first electrode is
bevel ed, and wherein the edge of the first 20 dielectric material and the
edge of the first electrode are coplanar. The nmethod of claim3, further
conpr r t he
Fi v sroigEdie Rl dnd Rehist SiocBogk 9B hat &) efda P MRS LeERHE mter 816
nonconti guqgus to, an edge e first electrode. The met hod of claim 3,
f ur t HENCEBHEHIUS foan 68&? ﬁgﬂ'@ é}é‘:@ﬁﬂtrﬂﬁi%l ectric material over the first
dielectric naterlal and renoving a portion of the second dielectric
material to forma first openi ng having a sidewall to expose a portion of
the first dielectric material. 7. The method of claim®6, further
conpri sing: 101% d&bﬁ%l?ﬁﬁ Ah HSi &k openi ng
and al ong t he SI E%ormqg sgl::g(ﬁhbl nﬁ% lhaheé%Jﬁlaﬁléfeggtgond

en|n I|th wi dth., The neth
k2 OV&@'&%QM@’% @*H? iefiah aed FeRoHRGe Parhonrp‘ﬂﬂa%smeé dsifRiling and

aI ong the sidewall o
material to form a first opening having a sidewall to expose a portion of the first

dielectric material.

7. The method of claim 6, further comprising:
10 disposing a third dielectric material in the first opening and along the sidewall to

form a second opening, wherein the second opening has a sub-lithographic width.

8. The method of claim 6, further comprising:
disposing a third dielectric material in the first opening and along the sidewall of
15 the first opening to form two sidewall spacers, wherein the two spacers are separated

by a sub-lithographic distance.

9. The method of claifn 8, wherein forming a phase change material includes
forming the phase change material between the two spacers.
20
10.  The method of claim 1, further comprising:

coupling a first electrode of the two electrodes to a first address line; and
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15 the first opening to formtwo sidewal|l spacers, wherein the two spacers
-are separated by a sub-lithographic distance. The nethod of claim8,
wherein form ng a phase change material includes form ng the phase change
mat eri al between the two spacers. 20 10. The nethod of claim1, further
.conprising: coupling a first electrode of the two electrodes to a first
address line; and 25 coupling a second electrode of the two electrodes to a
second address line. 11. An apparatus, conprising: a first el ectrode over a
first material; a second el ectrode separated fromthe first electrode by a
sub-1ithographic distance, wherein the first electrode contacts the first

mater i al apdihg PSR SbOSIdLHENCIIRIAELRdNA LaloPAgHIAL jnand a phase

change materi al "between the first elec and secon ectrode.” 10 12.
The apparatus of claim 11, wherein the first material is a dielectric
material. 13. The apparatus of claim 11, wherein the phase change materi al
contacts the first material. 15 14. The apparatus of claim 11, wherein the

phase chanljke nedrappératgs,aomprising:
a first electrode over a first material;
5 a second electrode separated from the first electrode by a sub-lithographic
distance, wherein the first electrode contacts the first material and the second electrode
contacts the first material; and

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

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

material.

13.  The apparatus of claim 11, wherein the phase change material contacts
the first material.
15
14. The apparatus of claim 11, wl;lerein the phase change material is a

chalcogenide material.

15.  The apparatus of claim 11, wherein the sub-lithographic distance is less

20  than about 1000 Angstroms.

16.  The apparatus of claim 11, wherein a voltage potential difference of less
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chal cogeni de material. 15. The apparatus of claim 11, wherein the
-sub-1ithographic distance is | ess 20 than about 1000 Angstrons. 16_ The
apparatus of claim1l1l, wherein a voltage potential difference of |ess 26
t han about five volts is applied across the phase change material using the
.two electrodes to alter the state of the phase change material. 17. The
apparatus of claim1ll, wherein the first electrode and the second el ectrode
are formed froma single | ayer of conductive nmaterial. 18. The apparatus of
claim 11, further conprising a first dielectric. material coupled between a
first portion of the phase change material and a first portion of the

{1 ' Stingh @6lPRS vaidisléhrioneragsd HEalrashichanEBRAERLI SQHPYRInRSt veen a

second portion of the phase change nateria I Tst¥por

secon | ectrode, 19. The aratus of claim.l18, wherein an edge of the

fi rsteq%cﬁ&qc%&tpiaﬁte @ plaly O?ﬁ'% Wfé’l%@ﬁd’"ﬁ@”@gge of the first electrode is
bevel ed, and wherein the edge of the 15 first dielectric material and the

edge of the first electrode are coplanar. 20. The apparatus of claim 11,
further conprising: a first spacer contacting a first portion of the phase

change natgr i a"l',heae_ib“ba&aﬁ@(‘{ﬁr&biﬁpﬁﬁthé?@ﬁ‘:_ttﬁétﬂrélgelé‘cﬁé‘tfé’ﬁﬁdE’t‘iﬁEé&gﬁ f the
phase change material, 20 wherein the first spacer Is separate romthe

- S§ Co'éﬂzcﬂgagearre t?grn%é H%H ys?n%% ?a?/@r Bf conductive material.

18.  The apparatus of claim 11, further comprising
a first dielectric material coupled between a first portion of the phase change
material and a first portion of the first electrode; and
10 a second dielectric material coupled between a second pottion of the phase

change material and a first portion of the second electrode.

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

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

20.  The apparatus of claim 11, further comprising:

a first spacer contacting a first portion of the phase change material; and

a second spacer contacting a second portion of the phase change material,
20  wherein the first spacer is separated from the second spacer by a sub-lithographic

distance.
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di stance. 27 21, The apparatus of claim 11, wherein a volunme of the phase

-change material is between the first el ectrode, the second el ectrode, the
first spacer, and the second spacer. 22. The apparatus of claim 11,
wherein the first electrode is coupled to a first address line and the

. second electrode is coupled to a second address line. 23. An apparatus,
conprising: a first dielectric material over a base material; 10 a second
dielectric material separated fromthe first dielectric material by a sub-
|'i t hographi c distance, wherein the first dielectric material contacts the
base material and the second dielectric material contacts the base

material; and arphass. CRANGPRS 94! Ahelf WRENHESS 1d Shadl ghtid | c material

and t he second ctric ma iral . e apparat us aim 23,
wherein the, sub-1ithographic distance is | ess than about 1000 Angstrons.

25. TRatedishisrRatweeprthe fisst @lecirode, thensrcandcglaelrods, the dird spacst, angbect or ;
and a second conduct or separated fromthe first conductor by a second sub-
| i t hagrcaptispadest ance, wherein a portion of the phase change material is
bet ween t he

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

address line and the second electrode is coupled to a second address line.

23.  An apparatus, comprising:
a first dielectric material over a base material;

10 a second dielectric material separated from the first dielectric material by a sub-
lithographic distance, wherein the first dielectric material contacts the base material and
the second dielectric material contacts the base material; and

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

15

24.  The apparatus of claim 23, w.herein the sub-lithographic distance is less

than about 1000 Angstroms.

25.  The apparatus of claim 23, further including:
20 a first conductor; and
a second conductor séparated from the first conductor by a second sub-

lithographic distance, wherein a portion of the phase change material is between the
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28 first dielectric material, the second dielectric material, the first
-conductor, and the second conductor. 26. The apparatus of claim25, wherein
the first conductor contacts the base material and the second conductor
- contacts the base material. 27. The apparatus of claimof claim?25, wherein
. the phase change material contacts the first dielectric material, the
second dielectric material, the first conductor, and the second conductor.
10 28. A nethod, conprising: depositing a dielectric material over a base
material; patterning the dielectric material to formtwo spacers fromthe
dielectric materia wherein the two spacers are separated by a
Sub- | ORI ol 3 EocBAl delcbRE Thaa, RICAR CBAAGSOFTE gl Dot ween
two spacers e net alm ur conprising
dep05|t|n a conductive material over the base naterlal patternlng t he
cond REBNARAWUCIAT. t o form two el ectrodes from the conductor 20 material,
wherein the two el ectrodes are separated by a sub-Ilithographic distance and
wherein form ng a phase change material includes form ng the phase change
material between the two el ectrodes. 29

26.  The apparatus of claim 25, wherein the first conductor contacts the base

5 material and the second conductor contacts the base material.

27.  The apparatus of claim of claim 25, wherein the phase change material
contacts the first dielectric material, the second dielectric material, the first conductor,

and the second conductor.

10
28. A method, comprising:
depositing a dielectric material over a base material;
patterning the dielectric material to form two spacers from the dielectric material,
wherein thé two spacers are separated by a sub-lithographic distance; and
15 forming a phase change material between the two spacers.

29. The method of claim 28, further comprising:
depositing a conductive material over the base material;
patterning the conductor material to form two electrodes from the conductor
20 material, wherein the two electrodes are separated by a sub-lithographic distance and
wherein forming a phase change material includes forming the phasé change material

between the two electrodes.
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30. A system conprising: a processor; a wireless interface coupled to the
- processor; and a nenory coupled to the processor, said nenory including a
menory cell that conprises: a first electrode over a first material; a
second el ectrode separated fromthe first el ectrode by a sub- |ithographic
. distance, wherein the first electrode contacts the first material and 10
the second el ectrode contacts the first material; and a phase change
mat eri al between the first el ectrode and second electrode. 31. The system
of claim 30, wherein the wireless interface is a wireless 15 transceiver.
32 The system of claim 30, wherein the wireless interface is an antenna. 30

30. A system, comprising:
a processor,
a wireless interface coupled to the processor; and
5 a memory coupled to the processor, said merﬁory including a memory cell that
comprises:
a first electrode over a first material;
a second electrode separated from the first electrode by a sub-
lithographic distance, wherein the first electrode contacts the first material and
10 the second electrode contacts the first material; and
a phase change material between the first electrode and second

electrode.

31.  The system of claim 30, wherein the wireless interface is a wireless

15 transceiver.

32 . The system of claim 30, wherein the wireless interface is an antenna.

30



