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FI ELD [0001] Programmabl e devi ces, including phase change nenory devi ces

t hat can we peagresned by nodi fying the state of a phaseczhmage/oesmweri al .
BACKGROUND [0002] Typical conputers, or conputer related devices, include
physical nenory, usually referred to as main nenory or random access
menory (RAM) . GenerslHERIVERAMERIANERIR YROGCRAMMABLEAUENTCRDI € t 0 conputer
programs and read-only nmenory (ROM iggEyory that is used, for exanple,
to store progranms that boot a conputer and perform di agnostics. Typical
menory applications include dynam c random access nenory (DRAM, static
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[0003] Solid state memory devices typically employ micro-electronic
circuit elements for each memory bit (e.g., one to four transistors per bit) in
memory applications. Since one or more electronic circuit elements are
required for each memory bit, these devices may consume considerable chip
“real estate” to store a bit of information, which limits the density of a memory
chip. The primary “non-volatile” memory element of these devices, such as an
EEPROM, typically employ a floating gate field effect transistor device that has
limited re-programmability and which holds a charge on the gate of field effect
transistor to store each memory bit. These classes of memory devices are also

relatively slow to program.

[0004] Phase change memory devices use phase change materials, i.e.,
materials that can be electrically switched between a generally amorphous and
a generally crystalline state, for electronic memory application. One type of
memory element originally developed by Energy Conversion Devices, Inc. of
Troy, Michigan utilizes a phase change material that can 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



order across the entire spectrum between conpl etely anorphous and WO

2004/ 017438 PCT/ US2002/ 025997 conpletely crystalline states. Typical

mat er i al swoune4all438f or such application include those ®CITIUS200202399T7 i ous
chal cogeni de el enents. These el ectrical nmenory devices typically do not use
field effect transistor devices as the nenory storage el ement, but
conprise, in the electrical context, a nonolithic body of thin film
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reference to the draw ngs in which: Fig.1lis a schematic diagram of an
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of crystalline state. Further, over time the phase change material can fail to
reliably reprogram from/to an amorphous and a crystalline state. Factors that
contribute to these unfavorable characteristics inciude delamination of phase
change materials due to stress of film depositions and heat, and intermixing of
phase change materials with adhesion materials. It would be desirable to
increase the programmable cycle life of the phase change memory material

and avoid the above-stated factors.

BRIEF DESCRIPTION OF THE DRAWINGS
(0006} Advantages of the invention will become apparent upon reading
the following detailed description and upon reference to the drawings, in which:
Fig. 1 is a schematic diagram of an embodiment of an array of memory
elements;
Fig. 2 schematically illustrates a cross-sectional planar side view of a portion of
a semiconductor substrate having dielectric trenches formed therein defining a
z-direction thickness of a memory cell in accordance with one embodiment of

forming a memory element on a substrate;



formng a nenory el enent on a substrate; 2 WO 2004/ 017438 PCT/ US2002/ 025997
Fig. 3 depicts the structure of Fig. 2, through the sane cross-sectional

vi ew, afwer20e4ma743at r oducti on of dopants to form an i solpamiusaocd®eise for a
menory elenent; Fig. 4 depicts the structure of Fig. 3 after formng the
trenches; Fig. 5 depicts a schematic top view of the structure of Fig. 4;
Fig. 6 depicts the structure of Fig. 4 after form ng contacts; Fig 7

depi cts thefj @@épﬂ&i‘% 18k driudturé.of tFh Qhrélﬂﬁ S hE Rross® "gﬂgﬁwgw ew,

o)
after form ngta maski ng materi al an% 2 diel’ectric malterla%g;Ctt depicts
t he struct wfterdhefinygodstiarheioinpentshieo é;mmamsﬂauosredewoaédr a/cmew;oryaf ter
form ng an atdheswe on the dielectric; Fig. 9 depicts the structure of Fig.
8, throughet RE<%me cross-sectional Vi ew, after form ng an opening through

t he adhesi Vﬁg&%é&&tsdhelsﬁmtfum oBIGSs aget kemisgMaabncidyy. 10 depicts the
structure of Fig t hrough the same cross-sectional view, after

conf or nal | f'ﬂ@ﬁrﬁ%Cté %5&%@?8&}& {IR Wepnef tBBéﬁf%farﬂf Fdg. ¢he adhesive; Fig.
11 depicts ﬁgebsééﬁl&ts%‘é s‘?r{x_.lcﬁ]rg oiJFg% 3%81"?{1} cﬁﬂ@% sQr oss-sectional view,

after etchin he 'sSpacer Cts rre cr SS secti onal vi ew of

the struct uFig. Qfdd?plgts thé, sttanctuEre offFOgmi ntgrcmgmmmhé@rmafdt@hal delarrier
and a conductor Fig. 13 depicts the sane, cross-sectional view of t he

structure o? @f@rmm amagyng paterdl Ansya dicdeglrisgrateniabl e material, barrier
d duct
Stnrug?trjrgco'?{ g diéb gtjs“tlgges‘?l".%gtﬁa%?% < ttﬁ &?@;ﬁ‘%céérﬂ@%yoéé' S&tBhal \b\gw

cross-sectional view of the
structure oéfteﬁl fgrmilncg alafat:iéeswémmhhegjlaledtrml ectric material and a signal
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exposi ng t her&ORIRARg afidpenihg tﬂﬂﬂ.&g?l‘f fhe hewliveShd tife Bleldditlc elfosind fraigh the
sane cross-secti onal Vi ew, fter Torm ng an el ectrode on the contact;
contact;
Fig. 10 depicts the structure of Fig. 9, through the same cross-sectional view,
after conformally forming a spacer within the opening and on the adhesive;
Fig. 11 depicts the structure of Fig. 10, through the same cross-sectional view,
after etching the spacer;
Fig. 12 depicts the same cross-sectional view of the structure of Fig. 11, after
forming programmable material, a barrier and a conductor;
Fig. 13 depicts the same cross-sectional view of the structure of Fig. 12, after
patterning the programmable material, barrier and conductor,
~ Fig. 14 depicts another cross-sectional view of the structure 6f Fig. 13;
Fig. 15 depicts the same cross-sectional view of the structure of Fig. 14, after
forming a dielectric material and a signal line;
Fig. 16 depicts the structure of Fig. 7, through the same cross-sectional view,
after forming an opening through the dielectric exposing the contact;
Fig. 17 depicts the structure of Fig. 16, through the same cross-sectional view,
after forming an electrode on the contact;
Fig. 18 depicts the structure of Fig. 17, through the same cross-sectional view,
after forming a dielectric in the opening and removing a horizontal portion of the

electrode;



Fig. 18 depicts the structure of Fig. 17, through the sane cross-sectional
view, after formng a dielectric in the opening and renoving a horizontal
porti on oWotZeet/01@438ct rode; 3 WD 2004/ 017438 PCT/ US2002/ @2FaBZo02m23p97 19A -
Fig. 19E depict the structure of Fig. 18, through the sane cross- sectional
view, show ng the formation and patterning of an adhesive and a
programmabl e material; Fig. 20 depicts the structure of Fig. 19E, through

the sane cr d&ig: $8AtA h@aHSEvdmv;t ikt trudtive SfCRigRY 8 ARrcuUYh thatsapid g sof a
barrier on the ro r.anmapl e tefrlal and a conductor on the barrier; Fig.
21 depicts t%?é“@ﬂ? e W éh‘é‘f‘”rﬁn@’ SHMatiAR 3gHP atiesnisa sk a8 egbesvecndaal vi ew,
after the f H?Férﬂﬁa% e fhit@dectric on the conductor, the formation of a
via, and tHe formation of a signal line on the diel ectrlc Fig. 22 depicts
one nethod diigf 80 miepicta thepugtude wf Cég htaE, rtgrcalmthacsbmeecrossmelcaonélo that

descri bed by Fig 3 depi cts anot t hod of formn

devi ce havi ngEW @?‘%ﬁpﬁpg’h ﬁ ap@rpe{tierpwgt c?eg%rf'ﬂ)@ﬂ tl'&,pr_e;géarr@%abalgnd F
24 depi ct's qRgtesind b FLeBrlicienén ke bHEHegrg @ menory having a structure
simlar to that described bgj/ one of Fig. 15 and Fig. 21. DETAILED

DESCRI PTI ON Rigo@tdepicdathesijuetuine of Mtzﬂ dhwugbsbe isbee @ms&seeﬁmamewt 0

specific r L0 the art
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remai ni ng Withgiforrbdtéors 6bpeigfal hhé@r\aﬂméﬁﬂéﬂ%dtr@ ai ms. Additionally,

wel | - known elenents devi ces, onents circuits, process steps and the

like may not ’Bezgétepf‘iiﬁpﬁelfﬁeﬂ@pa‘i’fl Ofrﬁ'”go? amery davised %@@érﬁtwﬂﬂﬂ?e
i nventi on. Qr%glltotqrﬁﬁf gﬁgérybeq]gy] BNOry devi ces, an adhesive is not
3) ge rra

utilized best Ween ‘erial and the el ectrode due to, in
part, the iRFiga28 deha'nts ehethadtmesinod cbfafsrmhngtme'\aﬂwym.vidsdvmm; a stiuchongt an

i’i;:lrr:]gtsle\ée,sl';]he ”alga{gpt%ra%gggr eé H/IFZ ZJl;na Jocesm ng of nenory devices is

Fig. 24 depicts one system embodiment including a memory having a structure
similar to that described by one of Fig. 15 and Fig. 21.

DETAILED DESCRIPTION
[0007] Exemplary embcdiments are described with reference to specific
configurations. Those of ordinary skill in the art will appreciate that various
changes and modifications can be made while remaining within the scope of
the appended claims. Additionally, well-known elements, devices,
components, circuits, process steps and the like may not be set forth in detail in
order to avoid obscuring the invention.

(0008} Currently, in some memory devices, an adhesive is not utilized
between the phase change material and the electrode due to, in part, the
impact that the adhesive has on the device. However, without an adhesive, the
temperatures utilized in processing of memory devices is limited since
temperature effects adhesion (e.g., delamination) between the phase change
material and at least one of the electrode and the dielectric. Further, without an
adhesive, the thickness of thin film deposition is limited since subsequent film
depositions add stress, potentially causing delamination between the phase
change material and at least one of the electrode and the dielectric.
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tenperature effects adhesion (e.g., delam nation) between the phase change
material and at |east one of the electrode and the dielectric. Further,

Wi t hout awo 2adta3438e, the thickness of thin fil m deposi Pcaruszenzloesmwt ed
since subsequent film depositions add stress, potentially causing

del am nati on between the phase change material and at | east one of the

el ectrode and the dielectric. 4 WD 2004/017438 PCT/ US2002/ 025997 [ 0009]
Currently, in other nenory devices, an adhesive is utilized between the

phase change terial, and the el ectrode, having a deleterjious effect on
t he prograﬁ%ﬂogg of tﬁé’rﬁﬁ{g@e'%ﬂtgﬁég‘ﬁfﬁ?@r?%ﬁ‘?e%@tﬂ ¥%'S Ythizethe case
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Further, in currently known devices, intermxing of the adhesive and the
phase changomageheiontas tathe censtaline ahase sbanee maserall ilrRéhg/case thathi gher

t enper at ur gs. | Nl SLpragr ' L,Lur.e of the
phase changs AdtEnYS s FRllathaBet Mk EEHARDD G BRCsRE SLOURR € 0 1 <
limted, oenco@steréd iraingly, hahmitiesivd bads additishal resiseamiexinn@riat watlginen
t enper at ur e. LaOOll] A nmenor 8evi Cﬁ@u“ i zi ng programuabl e material to
det er mi ne CRYBRIIRRPECHRMBEDP)AEE ChBAGE MACHRE device is described that

reprograns to an anorphous and crystalline state. The described nenory

devi ce and{d@ﬁbbod erQ:\‘lih@?,SPidif:PFéhYl?q,(n‘éWH G&viesd ime'hhixﬁaq:aﬂmeiaraweemd

programmabl e cycle life relative to previous devices. Further, in an

enbodi ment and hiee appae shasge snatenalcan glsoasicar vinthbewmesmaadkelyrwitess
tool sets apd, facilit] ( . . dj { L\E: | .lized
bet ween t nEChRALETPENfise: vl PR R 2 PR ARG S et
concerns ophagélchahg@imatarial. THerefdresthecttaige ofratiesding utilieddeis dimitads oef f ect s
on progranm ng of the phase change material, and interm xjng of the
adhesi ve wiastneted tpragdesive that resists intermixing at a given temperature.

(0011} A memory device utilizing programmable material to determine

the state of memory elements of the device is described that reprograms to an

amorphous and crystalline state. The described memory device and method

provides improved device reliability and improved programmable cycle life

relative to previous devices. Further, in an embodiment, the apparatus is

manufacturable with conventional process toolsets and facilities.

(0012] In an embodiment, an adhesive is utilized between the phase
change material and the dielectric. In an embodiment, concerns of
delamination of the phase change material, deleterious effects on programming
of the phase change material, and intermixing of the adhesive with the phase
change material is controlled and minimized.

(0013] Fig. 1 shows a schematic diagram of an embodiment ofa
memory array comprised of a plurality of memory elements presented and
formed in the context of the description provided herein. In this example, the
circuit of memory array 5 includes an xy grid with memory elements 30
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change material is controlled and mnimzed. [0013] Fig. | shows a
schemati c di agram of an enbodi nent of a nenory array conprised of a

pl ural i t ywof20m01043¢ el enents presented and formed in tReTAR02025997 t he
description provided herein. In this exanple, the <circuit of nmenory array
5 includes an xy grid with nenory el ements 30 5 WO 2004/ 017438

PCT/ US2002/ 025997 el ectrically interconnected in series with isolation

devi ces 25 elactrically intercapineatecin peridneg fvldtioredevides(25 8n.a S&HBAMSY)a and 20
(e.g., rows) are connected, .in one enbodi ment, to external addressing

circuitry i AVB- ASArEsS 18RRI OrtfitheFOIUMRe 3pdrdHoeed- ofowsi@r gogneated: rmay  of

menory el e | : | ' \ ' g A | S | e each
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t he i nf or mabnemusposedf the swipadantaywef memurg elameends yn edearationokith he array.
0014] A ne ._array. such as mory, device 5 of Fig. 1. can be forned in a
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substrates including, but not limted to, substrates t’hat contain ceramc
mat eri al , omgamny elementsatf therargavass naterial as part of the infrastructure
are also suitable. In the case of a silicon sem conductor substrate,

menory arra an b i r e . bstrate at the

waf er | evel Pbgiﬂi]ct hen gh‘égm\%\? %&ggeﬁ%c?eﬁﬁw%ﬂgt&&lc%gi?fzﬁgoh 30t Bedi screte
di e or chi peprmedn® agsortibh, @kiudieg tité entiie wdrtios, dfavsutstateemoyyical ray forned
thereon. Additional addressing circuitry decoders, etc.) can be

(e.g., le
formed as kPRGYA® INQHARS 3rsealrpndueor RubstEate SUED@S S| siiGasSubstreie; | | ustrat e
an enbodi ne f WG At fet fii n | 15 of
Fg 1. go gt subREal nEhBnd bl not INBRE S R AR UGS O
sem conduct matgrial,gorgasid mater)alsobglasatreaterial ag pars obttenpfrastractBrd gpe athgpant
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concent rat1 Stabie-pn (isesnal s8oh PEBI SR BR EERE 5375 53020
atoms per Cpdifbric@téd Péean GAsH BF IKET8UbStRNE @t tHOWRRT 1dvall ahdlhen the

wafer reduced through singulation into discrete die or chips, some or all of the

die or chips having a memory array formed thereon. Additional addressing

circuitry (e.g., decoders, etc.) can be formed as known to those of skill in the

art.

(0015] Figs. 2-14 illustrate an embodiment of the fabrication of
representative memory element 15 of Fig. 1. Fig. 2 depicts a portion of
substrate 100 that is, for example, a semiconductor (e.g., silicon) substrate. In
this example, a P-type dopant such as boron is introduced in portion 110. In
one example, a suitable concentration of P-type dopant is on the order of about
5x10'® to 1x10%° atoms per cubic centimeter (atoms/cm®) rendering portion 110
of substrate 100 representatively P*™*. Overlying portion 110 of substrate 100,
in this example, is portion 120 of P-type epitaxial silicon. In one example, the
dopant concentration is on the order of about 10 to 10" atoms/cm®.

[0016] Fig. 2 also depicts shallow trench isolation (ST1) structures 130
formed in epitaxial portion 120 of substrate 100. As will become apparent in
the subsequent discussion, ST! structures 130 serve, in one aspect, to define

the z-direction thickness of a memory cell, with at this point only the z-direction
6



of substrate 100 representatively P. Overlying portion 110 of substrate
100, in this exanple, is portion 120 of P-type epitaxial silicon. In one
exanpl e, wbeoodapssat concentration is on the order of alPemtUus2@26H2:997 1017
atonsl cnB. [00161 Fig. 2 also depicts shallow trench isolation (STl)
structures 130 forned in epitaxial portion 120 of substrate 100. As w |
becone apparent in the subsequent discussion, STl structures 130 serve, in

one aspect, . tq define the z-dir i on thickness of a nenory cell, with at
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devi ces) foasmellias assbeiatedidieuitidehentsee. GUtraasibios dalvkea) fdriedihtand
phot ol i t hography t echni qucsr@ utilized torgattern STl structures define the
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oper ati ons fl85A@mar y35® khnpegdocs fedte sirek Z35Bctidht thidkneashasremaliyascel |
region (strip), overlying epitaxial portion 120 of substrate 100 is first
conduct or éﬂssff‘ﬁi‘ia‘i’s H”Hg material 140. In one exanple, first conductor or
signal line material 140 is N-type doped polysilicon fornmed by the

i ntroductio for ; 12a ' tration on
t he order o@ogz]out 10'@'%%&%”&?%%@%0%%?%%’?ﬁ@ggﬁ& nthis

exanpl e, fiopérationditimemory ctlhregions 1 3&A anddi358. \Withirseactesmeasorgrcediddr ess

line, arowline,(e.g., rowline 20 of. Fi . APV i,rst conductor
or signal |5qgéo%s(ttgpﬁ6ﬂveilx@q Psp'gqf' q&&"%ﬂf} g%"&iéPBg'/g‘?ewéﬂ,g f'ijritoqoé‘fjl‘“S fdevi ce
25 of Fig. &9sighi MEenxadal ®0.t eons ekarhprR) fitlt\CoRButter ar siiNafliigsle formed
of N-type silicon portion 15 e. opant concentration on the order of

0 . d
about 1014 mtqrdmgmi@rwmﬂa)ﬂogaﬁa%plwsvisenémm%hyﬁaﬁintmugégnpé.fgr, dopant
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to 10'° atoms/cm? (e.g., N* silicon). In this example, first conductor or signal
line material 140 serves as an address line, a row line (e.g., row line 20 of Fig.
1). Overlying first conductor or signal line material 140 is an isolation device
(e.g., isolation device 25 of Fig. 1). In one example, the isolation device is a
PN diode formed of N-type silicon portion 150 (e.g., dopant concentration on
the order of about 10 to 10" atoms/cm®) and P-type silicon portion 160 (e.g.,
dopént concentration on the order of about 10'® to 10%° atoms/cm®). Although a
PN diode is shown, it is to be appreciated that other isolation structures are
similarly suitable. Such devices include, but are not limited to, metal oxide

semiconductor (MOS) devices.

[0018] Fig. 4 depicts the structure of Fig. 3 from an xy perspective after
forming trenches 190 in epitaxial portion 120 of substrate 100. Trenches 190
are formed, in this example, orthogonal to ST structures 130. Trenches 190
define the x-direction thickness of a memory cell. According to current
photolithographic techniques, a suitable feature size for the x-direction
thickness is as small as 0.25 um. Fig. 4 also depicts memory cells 145A and
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PN di ode is shown, it is to be appreciated that other isolation structures
are simlarly suitable. Such devices include, but are not limted to,
met al oxiwe 20seni4senduct or (MOS) devices. [0018] Fig. 4PpdEfisee/o2ive7
structure of Fig. 3 froman xy perspective after formng trenches 190 in
epitaxial portion 120 of substrate 100. Trenches 190 are forned, in this
exanpl e, orthogonal to STI structures 130. Trenches 190 define the

x-direction 14BECNLS SR BRAREY 166! havi _dirb&i
photol it hogr%%ﬁi C teé%e(ralji t%fﬁters, a sui t@,ab?ve:ﬁ?gagz; ﬁ'rfﬁag??‘?gﬁ?@%%‘ﬁgﬂf;(e_%Pyescﬂ on
t hi ckness i strastusesili B0z ddanr 3-gjactibnghicknass defiegd oy senemes y9@.eThe 145A and

7 WD 2004/ 017438 PCT/US2002/ 7. 145B ted by.t hes 190, havi
& 2-direct| GRTTRPEINALS XA I arrs TuON R i B TEBOARISEn SR AR &Rt ] on
thi ckness defd besdintot besighaslidd@40Biehe dafrhoitinarstadk (e fredinedtdd,on

t hi ckness involves, in one_enbodi nent, an etc he conductor of signal

hto t
line 140 of celeldefdnd 1458 meronbcelbiagien Adadr yn thasrase almnetohd tha5B of

rorory cel ! (g ERekit Bt BB SR Ina NI 1R oBiAIGPAGERGHRe] " O

the nmenory I'ine” stac S exa

si gnal | i necdAfuctdr br sigthabtiod 1480 Aemed dtchednte stiliepd ad s&ichn atcH Bt &is
point. Follow ng the patterning, Ntype dopant is introduced at the base of

each trencROM0 FaongdinsoraiR e ing AN-HRA AePantds puredused abiie hasaaf 8ach he

order of a t r ' W nory
cell s 145A %@Ehi%&: (Fgé%ékgg#)?gé\n%ﬁgﬁ{ghged%ﬁ?&o%?&?%?%% B%é@fé s 2 f(r)re a
di el ectric mbbet 118 tosioéh atemsichi’deng.dNSxegien) betweenadanedy cells 1é5ahesd 190
to form STI uctures 132. The superior surface (as viewed) nay then be

S
pl anari zed \R/i"'gP- ; for exanple, a chem cal-nechanical polish. Fig. 5 depicts
an xz perspective of the structure of Fig. 4 with nenory cells (e.qg.,

nenory cel | $o09pA and FiheRing eiRmiciliclyn oBpbcidts 200U4 efeldtfic afstedidR
[0020] Fig. 6 depicts the structure of ctive

>t 1€ Struc Fig. 4 (i.e., angrpersgg
fol | owi ng t sech @srdigRndigkidg igdptepdugedin trenchesi WOLR{amn ST! stiehkes B Zaet al
silicide s Ll gl i i ; i f oo e
oi i con por ﬁﬁgnﬁ%ggﬁi)%bgg?% Aégh%écﬁq‘ﬁbﬁﬁéa be!dlarfarR88 Wit f& exinhgiRe a
chemical-mechanical polish. Fig. 5 depicts an xz perspective of the structure
of Fig. 4 with memory cells (e.g., memory cells 145A and 145B) separated by

STl structures 130 and 132.

[0020] Fig. 6 depicts the structure of Fig. 4 (i.e., an xy perspective)
following the formation of a material of, in this example, refractory metal silicide
such as cobalt silicide (CoSiz) in a portion of p-type silicon portion 160 to define
contact 170. Contact 170, in one aspect, serves as a low resistance material in
the fabrication of peripheral circuitry (e.g., addressing circuitry) of the circuit

structure on the chip.

[0021] Fig. 7 depicts the structure of Fig. 6 after the introduction of
masking material 180. As will become more clear later, masking material 180
serves, in one sense, as an etch stop for a subsequent etch operation. In one
embodiment, a suitable material for masking material 180 is a dielectric

material such as silicon nitride (SizNa).

[0022] Fig. 7 also depicts dielectric material 210 introduced over the
structure to a thickness on the order of 100A to 50,000A sufficient to blanket

8



contact 170._ Contact 170, in one aspect, serves as a |ow resistance
material in the fabrication of peripheral circuitry (e.g., addressing

ci rcui trywoabodthes438i rcuit structure on the chip. [0021PCFiug200Z/0a9p7cts the
structure of Fig. 6 after the introduction of nmasking material 180. As

wi |l becone nore clear later, masking material 180 serves, in one sense,
as an etch stop for a subsequent etch operation. In one enbodinent, a

sui tabl e mapdrhaty é8Is 1@ bRE TBERT inddnd 8Mhblbgime st Blct&difié fnatBBiiEF 1Rl such
as silicon nitride (Si (err)N(err)%. [0022] Fig. 7 also depicts dielectric

mat eri al 218iOnt tvanetber emrodiment. dielgetrigrreatesah2{ is Rmeaterishsaleetedfder of

remory cel | 40 198iCe0 TRt AR plrioihl < el SR T
Si(err). |Rrsgnahbes petbediyEnte t0i10leeés lesnBlg! irala ddReias canva@itRm, al

selected for 1ts reduced thermal conductivity, K,_ preferably a thermal
conduct i vi t piOeesdiJishh h&& @ alyas en thebuteitsfyl.Q.hfbes tio atdlitidmtesSiQes s

B, ot e RIS Bl B Y e e 7
et e ! BB ko i L0 eeopong mpsramipalinerimyngy pugluendess |

i ncl ude car gt 1 atsdlLEe sarhee ogeterialic Pegsdel (Kegel heontise bradr d3.01)) amdl
their derivatives. [0023] Fig. 8 depicts the structure of Fig. 7, after

f orm ng adh#xivdenvativesn di el ectric 210. Wile a variety of adhesive
materials can be utilized for adhesive 214, in an enbodi nent, adhesive 214

i ncl udes at t one .yl | [ | : icts
the structuldPBT i q. a0 BRRSIEE 1Ruakte ol FRL% dner Rarfho Shiesie 210,
f or mi ng opewrinngsle2fit 2 10.oUdhilea hasietyeol2ddhesiiecinatdridls c2l be wiidedréarki ng
mat eri al 180, expo%1r}€ficont ac

70. In,one e di nent openi ngs, 220 are
formed by paEhesiye ”@Pr%é%&”mtegd%?%%g??mcgﬁw atalaﬁaggn %14,
dielectric %%%sﬂl&‘én%ii@%dm.t erial 180, using photolithography and dry
etching techni'ques. In terns of state of the art photolithography

[0024] Fig. 9 depicts the structure of Fig. 8, through the same cross-
sectional view, after forming openings 220 through adhesive 214, dielectric 210
and masking material 180, exposing contact 170. in one embediment,
openings 220 are formed by patterning of circular holes etched through
adhesive 214, dielectric 210 and masking material 180, using photolithography
and dry etching techniques. In terms of state of the art photolithography
techniques, circular openings as small as 0.18 um in diameter can be
patterned. It is to be appreciated that, in addition to circular openings, other
openings such as rectangular openings could alternatively be employed. By
forming openings 220 in this manner (i.e., after introducing adhesive 214) in an
embodiment, the result is an absence of an adhesive layer on contact 170 such
that current is not shunted from the subsequently introduced programmable

material (see Fig. 12).

[0025] Fig. 10 depicts the structure of Fig.9 , through the same cross-
sectional view, after forming optional spacer material 402 within openings 220,
on adhesive 214, and on dielectric 210. In one embodiment, spacer material

402 is conformally formed, for example by chemical vapor deposition of tetra-

9



techni ques, circular openings as small as 0.18 p.min dianeter can be
patterned. It is to be appreciated that,- in addition to circular openings,
ot her opwpoi2o@g013488h as rect angul ar openi ngs coul d al t ePoatise@l2yp2ive7

enpl oyed. By formng openings 220 in this manner (i.e., after introducing
adhesive 214) in an enbodinent, the result is an absence of an adhesive

| ayer on contact 170 such that current is not shunted fromthe

subsequent | gthypbn‘tﬁd-tsﬁgdteﬁ'ﬁﬁ@&)‘@bﬂh@ suatrete.ahs 6R6Wn fh §ig. 14D, spkBER5] Fi 0.
10 depicts the structure of F ﬂ% t hrough the sane cross- sectional view,

after forni AG@Rconars ayigel Mtfhllrhppg-@@ng?ﬁi n openi ngs 220, on
adhesi ve 214, and on dielectric 210. In one enbodi nent, spacer materi al

402 |
totras o e DRl b1 rasE SLApISIATRIB RN GRFID. MY ateh %%F?F@E?%"%'%@éf

t he substra@@ﬂemsdéﬂ(ﬁwm dielegtyc stmcesptapacer material abrttameet@2A)onsidet 170
W t hin open 2 [ p| cts the st ur e .of F| 10 after
spacer mat ePveing$ 220, 1ok dimfladd sPhce Bl W@ﬁ%?tgopc iter
material pogfchedusHLAD etdhim %geﬁpﬁfﬁtf@@e%@ﬁve Sictoihat Henedh rﬁpacer
material 402 is anisotropica et ched using an etching agent IS

sel ective sstons@haar nrﬁéemhr:ﬁgta@géﬁﬂ As dpvraiin F'QH@rtt@atomsg Qnmahcm 170.

Cuperor suptdes heplUR £16 BUPPHREFUE R BHH8RET YRS ot Bielietrb. /7

become nor ejncérepaspedtethat smabec:omt mbr@bleéeﬂatélersp@éertrﬁaterr@dmﬂzi stahﬁesqttd:ant ity
of programabl e materi al 12) on contact 170. mat er

portions 40@/@“&%"‘%5#?6“% °f|F?f°9F%ﬂ"mqbr'|e aena( F@Tﬂ@ﬂpﬁéﬁwtac ﬂ?@gr%ﬁﬁﬁﬁfl e
material may hg; l%ﬁﬁﬁ%s"‘ﬁéﬂ 4 ‘Eglgggﬁpgtggt] H"Eﬁ&ﬂ@f Eﬁgeﬁﬁﬁ ntraterial 402

bei ng i ntroduce n openi ngs epl c S the structure
of Fig. 11 prfotgmmmuhladmiengl mpydmtummdmthnatoeenmlgsm aithadbesacer 214,

Tt er| al - 40RO e oGRS Uy Shen e ot T on v L adnes! ve. 400.
I n one enbodi nent, programmable material 404 is a phase change materi al
that has a joePprty spmj) 12@épictssthe structure of Fig. 11 after introducing
programmable material 404 on adhesive 214, within openings 220, and on
contact 170. In one aspect, programmable material 404 tends to adhere or
remain in association with adhesive 400. In one embodiment, programmable
material 404 is a phase change material that has a property such that its
physical state (e.g., crystalline, amorphous) can be modified with the
application of an amount of energy (e.g., electrical energy, thermal energy).
Chalcogenide materials having the general formula are known to be sg»itaAbl‘e for o
this purpose. In an embodiment, chalcogenide materials suitable as
programmable material 404 include at least one element from column V1 of the
Periodic Table Of The Elements. In an embodiment, Ge;SbaTes is utilized as
programmable material 404. Other chalcogenide alloys utilized as
programmable material 404 include GaSb, InSb, InSe, SbzTes, GeTe, InSbTe,
GaSeTe, SnSbaTes, INSbGe, AginSbTe, (GeSn)SbTe, GeSb(SeTe), and
Teq1Ge1sSb.Sa2. Chalcogenide materials can be introduced on the substrate
and on contact 170 by conventional deposition techniques.

[0028] As further illustrated in Fig. 12, following the introduction of

programmable material 404, barrier material 408 is formed on programmable
10



physical state (e.g., crystalline, anorphous) can be nodified with the
application of an anount of energy (e.g., electrical energy, thermal

ener gy). wOhkat«wgesi de material s having the general formaTasase/oks»ewn to be
suitable for this purpose. In an enbodi ment, chal cogenide materials
suitable as programmabl e material 404 include at |east one el enent from
colum VI of the Periodic Table O The El enents. In an enbodi nent,
Ge2Sh2Te5 imatdridl Yddarakcomiwgordrt@is fermad eni tdrridP Aat&X41408¢ Bdeiegeni de

allo tilized, rogrammabl e materi al 404 irnclude GaSb, | nSb, |nSe,
RN T AT W T N A = T
GeSb( SeTe)  orBatbmARRISHASNAR04 £haleAEEALHR ORI PahArosdihdde [ Nt T oduced on

the substrate™ and on contact 170 by conventional deposition'techni ques.

[0028) As fapgrammablesiatatiald@4 spager 402, farrieomaterial @8 and ochdudton of

pr ogr anmabl ey al | Lal. 4 1 s fornmed on praqgra bl e
10"V0 2004/ 8356 e S ne 2R be o rahefing Wil dB ailerBPaie <
fornmed on hbsHrfieematetigldG8 intlHesBaneagrone@ttRahiam 408 tisRiiv@Sitride, an aspect,
to prevent any chem cal reaction between programmable material 404 and

conduct or 4litanium and/erbBanivennitride ceatingmean be fepesited unidarmiyerar 402,

barrier materl| 40 . 410, r .00 ti I
patterning %&#ﬁf%u%sowﬂﬁ%%ﬁ?ré)%&mn%ht,h at @g&ﬂ'ﬁg&gﬂ%@égi %\Ifsq%&gd]iéﬁgﬁjﬁgs at
| east one ofnd peelingim and titaniumnitride. Titaniumand/or Titanium
nitride coatings can be deposited uniformty on a substrate, show ng good

dhesi i that th i st fl akj . bl.i [ , hi i [i .
[0025] *T'n 1AB28k ¢ uct Uinein stttk Lactrareeis FiafE g Bl fedpba"or |
progr ammb{g@f;gférﬁmaﬂxe HMteAR046HLRhAChNEP 176 imhimiié‘&’bwhé Breshea@fpce of

spacer mat portions 402A. In an aspect, di nenslons” of openi ngs 220
expose a fispsticer omatedal poriansf402nt lncan agmect) theadimengions, of opesir@sR2dnt act

oo o SRR DB AR St oB5RR 410, FBRASARY anRGY BRGH LS 102
pr ogr ammabl geaRisarthah t4@4irsttdontaptaintea iy expoped dyaspaebt matexiat o2 ardddér t hat
under goes, s]:p%zrcer material portions 402A. By minimizing the quantity of programmable
material 404, the quantity of programmable material 404 that undergoes, for
example, a phase change frem/to amorphous and crystailine on contact 170
(as shown by region 406) is localized. Region 406, shown between spacer
material portions 402A, defines a limited and localized programming region of
programmable material 404, adding to the programmable reliability from and to
an amorphous and crystalline state of programmable material 404. In general,
by localizing the phase change area, less current is required through
programmable material 404 during programming and reading, and less power

consumption resuits.

(0030} Fig. 13 depicts the structure of Fig. 12, from an xy perspective,
after forming openings 416. Openings 416 serve, in one aspect, to define the
x-direction thickness of programmable material 404, barrier material 408 and
conductor 410. Openings 416 serve, in another aspect, to isolate individual
memory elements from one another as well as associated circuit elements
(e.g., transistor devices) formed on the substrate. In one embodiment,
openings 416 are formed by simultaneously patterning of openings through

1



exanpl e, a phase change fronfito anorphous and crystalline on contact 170
(as shown by region 406) is |ocalized. Region 406, shown between spacer

mat eri al Wor20040m343802A, defines a limted and | ocal i zed Pprae@no2ivg7 r egi on
of programmable material 404, adding to the programmable reliability from
and to an anorphous and crystalline state of programmable material 404. In
general, by localizing the phase change area, |less current is required

through progndugtebs €0 nedreer alatd0dl 408,inggrInegLbaThagriansos apdizihesad | ess
power consungtlon results. 400301 F'{S%rthlB depicts the structure of Fig

12, from an2}§- pEERAANING carpe acce fgd HE‘@ElCﬁ@Se’Zﬂl@a' %@ﬁ‘ﬂ“ﬂ'@f!ﬂfa%'c
serve, ino ef t d bIe
et o ol a0 BRI eti st iR L gNGHT, AT

i n anot her 43Qevarrier matevalaA@Ss, ipnagrandmable rrarhmrqlMéheam\drﬁdshefsrverﬂmeoahet her

as well t LI ment s transi stor devices) fornmed
on the subs?’?@ﬁ%’ﬁ Og%é‘ﬁgcgﬁtéﬁcﬂe n‘éﬁ?ord"}gpé)nFﬁé@t poj'?'???%?w&ge%hw 21“
S IC_rF}J IUtS gggg;% I;)ggggmetfeéméeggﬁ fdﬂlg@ klr)tﬂﬁeétilahqmltanégs mf?é?%% @4764383;!u

conduct or arrier materi al rog ramm
materi al 403mal@sdABsim.e AsshowineF igatt3e0nEnings A etferra@oodmtos 440 quesng
conventi onal ho ol i ra and, etch techni gue In this exanple, the
et chi ng pr09§ IW?F%' ﬁ”é@ﬁ?&ﬁét 8‘?”"%}6' °5§1’9P?|elﬁ‘ nﬁﬁoeri al 408, progranmabl e
mat eri al 404 and adheS|ve 214, to the exclusion of dielectric 210.

According tmosyyrent phetid dém@wamhert&swsémﬁal viéwstomahRk§zf eat ure size
for the x-direction thickness of openings 416 include as snall as 0.18 m

As shown i nPeisgecties, afbaistiystueof Fign Lofdiratsinks 8s illusitated b asraieay
or t hogonal éé’néﬂall tdeﬁﬂ?é‘ﬁ?tlmes(gm? |Htfb%uéégad{aggﬁ%8':d 1ce1§t{-.|§i gts

anot her cross sec onal " vi‘ew, erspec ure of
Fig. 13. A {reatirtainka melsltdablettempedaﬂmye almda:roeaar interfacebeywekat | ned by | i nes
500 may be introduc PE %he devi ce mucture to maintain a nore

st abl e t enpRfOY BTN f'@ 04 eafcanta progranmabl e material 404

and contact 170. _[0032) Fig. 15 shows the structure of Fig. 14 after
form ng diefgagR]iC  Fig. 15 shows the structure of Fig. 14 after forming dielectric

material 412 over conductor 410. Dielectric material 412 is, for example, SiO;
or other suitable material that is formed on conductor 410 to electronically
isolate conductor 410. Following the formation, dielectric material 412 is
planarized and a via is formed in a portion of the structure through dielectric
material 412, dielectric material 210, and dielectric material 180 to contact 170.
The via is filled with conductive material such as tungsten (W) and a barrier
material such as a combination of titanium (Ti) and titanium nitride (TiN).
Techniques for introducing dielectric material 412, forming and filling
conductive vias, and planarizing are known to those skilled in the art. The
structure shown in Fig. 15 also shows additional conductor or signal line
material 414 formed and patterned to mirror that of conductor or signal line
material 140 (e.g., row line).formed on substrate 100. Mirror conductor line
material 414 mirrors conductor or signal line material 140 and is coupled to
conductor or signal line material 140 through the conductive via (not shown).
By mirroring a doped semiconductor such as N-type silicon, mirror conductor
line material 414 serves, in one aspect, to reduce the resistance of conductor
or signal line material 140 in a memory array, such as memory array 5

12



material 412 over conductor 410. Dielectric material 412 is, for exanple,
SiQlerr) or other suitable material that is formed on conductor 410 to

el ect r oniwel2o4/01746381 at e conduct or 410. Fol | owi ng t he foPeatises2/0diset ectric
material 412 is planarized and a via is formed in a portion of the
structure through dielectric material 412, dielectric material 210, and
dielectric material 180 to contact 170. The via is filled wth conductive

e A SuayatbNa TG (Mo Al Ak fr miTREEI R TheTayigpabl nat i on

of titanium and titaniumnitri echniques i ng
di el ectri c ratledealarddigmifgnmmaigriahduchldsi angalucundencalioye vi as, and
pl anari zing are known to those skilled in the art. The structure shown in

Fig. 15 als ws additj qral e.co t or.signal lLine material 414 formed
and patter nggé?‘g i rroff-'q'ﬁgt %‘%-?gﬁcﬁeﬁ{toapogﬁergqraﬁgqln]qrﬁéharh&aé%paprlﬂﬁm
(e.g., row lgyn@g. & OFed 50rFigulistdepticts Dstrdbturbf FRAUSHBUghitRe saft er i al
414 mrrors conductqQr ar .signal |ine material 140 and is coupled to

conduct or orCT@$YAEFLIPNI it AfFrLPMINg eRANINGH 220 throyatdielposic\a18 dntbt

S0t o TSR SRS SRSl G Bt B a8 1T

resi stance ghay tedudoniplishedsisimpktdh prttemingrit aﬂ%@cﬁamtg FelERlive i Ay,
such as nenory ar réja%l; 12 WO 2 (%4/ 017438 PCT/ US2002/ 0259 illustrated in
Fig. 1. A sftehipadigigeckic mptar@l 210angrmaskindcraterial h80 hut set eantact4170

I ncl udes an (gl4m ' | um num al l oy. [0033] Fig. 16 -
Fig. 21 depi(gtd!g%%%ﬁ.g%gﬁ{eﬁeﬁjgﬁﬁg% fﬁﬁg? described by Fig. 8 - Fig. 15.

Fig. 16 depicts the structure of Fig. 7, through the sane cross-sectional
view, after [00341i ng opkig. Mdslericstthe strybtudge of Etg.riGeaftathamdnforenski ng

material 180,, expgsin ntact 170.. The formation of aqpenings 220 be
ncconpl | shed vaMA B REL 8% melgal 10 . STt niArle, SBatiarR maens) 238
et chi ng di eligpblyiceydtalineisamiedfdwner masdril Subhaerpol criSilipetsilkeh. Cikeact
170 (e.g., contact 170 serves as an etch stop). [0034] Fig. 17 depicts the
structure ofSutegle m@teials inglyde sariasy apd semirmetals QuchAstrarsiion metrls
material 23 : a{rm.h erd AnP i ne
sem conduct g?c‘lrjrgpgr? ?&Fﬁs uc ﬁ%% ??)gﬁ%/@?&g ttfg%’rfilﬁwe@g F%l?é(?‘oql% ﬁgﬁ&wﬁ&%é

(TiN) and titanium aluminum nitride (TiAIN). The introduction is conformal in

the sense that electrode material 230 is intreduced along the side walls and

base of openings 220 such that electrode material 230 is in contact with contact

170. The conformal introduction of electrode material 230 that is, for example,

polycrystalline silicon may follow conventional introduction techniques known to

those skilled in the art including chemical vapor deposition (CVD) techniques.

[0035]  Fig. 18 depicts the structure of Fig. 17 where only one of the leg
portions of electrode material 230 serves as a conductive path between signal
line material 140 and a subsequently introduced programmable material. In
this example, electrode material 230 is a generally non-conductive intrinsic
polycrystalline silicon. After the introduction of a dopant into a portion of
electrode material 230, two portions are defined, electrode material 230A and
electrode material 2308. Electrode material 230A is doped about its length
from reducer material 170 and will act as a conductive path between signal line
material 140 and subsequently introduced programmable material. Electrode
material 2308 is generally non-conductive (e.g., predominantly intrinsic

polycrystalline silicon) and thus will generally not serve as a conductive path.
13



suitable materials include carbon and sem -netals such as transition netals
I ncluding, but not limted to, titanium titaniumtungsten (TiW, titanium
nitride- Woi2b)4/@amsstitani umalum numnitride (Ti AIN). TIRE€TIUSR002@2%997 ONn | S

conformal in the sense that electrode material 230 is introduced al ong the
side walls and base of openings 220 such that electrode material 230 is in
contact with contact 170. The conformal introduction of el ectrode nateri al

230 that isThiqgoladennt & singlelcpntystivd batre(stichiszanledfaid Phichii 2801 A apnal
i ntroduction techni ques knowmn to those skllled in the art 1ncluding

cheni cal vab@racﬁéﬁﬁ'ﬁh(?%ﬁ“eégb)art aeggdqoEsductiapodsa denant (i1, aegiedtawane

structure o %@ by e of the leg portions of electrode
material 23 OEeg'\?ecgrzgs aétggﬁguc Ue path between signal |ine material 140

and a subsequently introduced progranmable material. In this exanple,
el ectrode nHi036] al 236i9.s1Bhagorshrans thensinuctoralatted the intraduction of dielectric

| |1 Af d f
DYl ot 2 o At ot Bl 2, | Mt bt e el mataria i 51 "
230A and  ek@ebn aiid@ISIO, R lreéﬁ&heEleﬁ%csdm@nmaétmb mia8Aal désdﬂ&lo&d about

its length fromreducer material 170 and will act as a conductive path
bet ween si gmadterialibat hag arthgnmalmmtnmmeqh@tns lgssitham thithedmal ogr anmabl e

ot edon nant P RURMET S10RdRpery SIIPPIVHBRes 16 AR S et qeneral |y
not serve: agoflogARIHELANGIE e SHAHR20044AIEAR FOTALERANG A29°7 The

I sol ation of "a si e con t|ve pat terral 230A)
be acconpl i sémdvé&tmmlmtair@mnomeﬂtrmfchjewm rmfata;aﬂ@bﬂnﬁdtable angl ed

f t ‘ial 230B). [0036] Fig. 18 a hows th
Gt ot ur 6 pEFrERton [RENGIAES A G BPaF AR S thite Pt S BUBSa. Gushem ns

220. In onecg I'6?Bhem%éfjrﬁééﬁérﬁcﬂ%cﬂfsha(bl\ﬁlspte'cﬁnlqﬁéé' con di oxi de (Si02).
I n anot her enbodi ment, dielectric material 250 is a nmaterial that has a

thermal conductivity, x, that is |less than the thermal  conductivity of

Si Qlerr), KBIO3] pref eFéﬂ)I 19A hFda. 19E depictithe strusture ﬁfaﬁ'g(sis@mumltmem ng
I ntroductio t renoves
the hor! zonbaTELaREEEEAt i b Re Brf TR befed iy S

adhesive and a programmable matenal Fig. 19A is an isolated view of a

portion of electrcde material 230A adjacent the superior surface of the structure

as viewed in Fig. 18.

[0038] Referring to Fig. 19B, adhesive 215 is formed on dielectric 210,
dielectric 250, and electrode material 230A. Next, adhesive 215 is patterned
off of electrode material 230A (Fig. 19C). Subsequently, programmable
material 404 is formed on adhesive 215, a portion of dielectric 210, dielectric
250, and electrode material 230A (Fig. 19D). In an embodiment, adhesive 215
and programmable material 404 are simultaneously patterned over an area
adjacent electrode material 230A (Fig. 19E). The patterning can be
accomplished using conventional photolithographic and etch techniques. in
this example, the etching proceeds through a portion of adhesive 215 and
programmable material 404, to the exclusion of dielectric 210 and dielectric

250.

[0039] Fig. 20 depicts the structure of Fig. 19E, through the same cross-
sectional view, after the formation and patterning of conductor 410, barrier 408,
14



pl anari zation techni ques include those known to those of skill in the art,
such as chem cal or chem cal - nechani cal polish (CWP) techniques. [0037]

Fig. 19A wOoRoguo11B3B depict the structure of Fig. 18, thraumgis2eta®2599ane

cross-sectional view, showing the formation and patterning of an adhesive
and a progranmable material. Fig. 19A is an isolated view of a portion of
el ectrode material 230A adjacent the superior surface of the structure as
vi ewed in FiggogmBnmeadiselatewdlet4, mgdtadtisie 208, Bartiersi08indilBes DrkafRy on

adhest ve 218 Faffih (T) APy aRRoE G G ol Aaseeg, s

Subsequent | yaspic®db aFBRIdETUEIG® betledWthd SolfiReBYh 88 At ReBIe
portion of dielectric 210, dielectric 250, and ceblregct rodgé,r?artsgfel]rgﬁi 4%OA

(Fig. 19D). a4 RFERLRIITHSERT Origeali ine meteriahauefyiogthervalime ofit eri al 404
i mul t ' d ' 230A
(o Top) “RLRLREIS SRt @, 3heq 2GRl B CEhERRaTTRE! 2be

patterning can

phot ol i t hogrigpbhductodoesignat boéimatessl 410) Intthissexxapiel eondiRorbesiyRgl
pr oceeds thr,oug_nh a Ragrtbon of adhesive 215 and programmabl e material 404,
to the excl WEBJRASIANFAPSEIYGS a9 8h adeiess ine@ eolimmiaw (§.9080lurm tine 20

depicts the : ' : T - I gnal  vi ew,
afrer the 1oy mgiRRE Bontlitor bh siorel iRLWRIElS 715 BT 468N ey o
2004/ 017438 erdiodiezm 24 a8y orthoggnalntoeirstecanetuetdralr sidihal linednatdhiasia® 215.

Barrier 408 jincludes one of, for . exanple i tanium (Ti nd titanium

i tride (Ti KFOURNT e SR Ree Rl T AWORES)- SGRELEoRSs siataline repterabd th

bet ween t he |y GbpBRabI P05 IARTAGEMBERRN, | fch4R¥%an énﬁniﬁsgfén%%ewueg pr
signal line material overlying the volune of progranmmabl e materra 84
(e.g., seconbe éteaducton attevning of bayrisnd 08 andsemductor oo signal neor  si gnal

cerves as an'apLal0iidde BHafes RN Hosl sl e A T o Fi gure

1). Conductor or signal line material 410 is patterned to be, in one
enbodi ment, [0840dr al | y Rigt Réghoals the structtrecsfrRige20 after farimingdidiédtac mat er i al

140 material 412 on conductor 410. Dielectric material 412 is, for example, SiO, or
other suitable material that is formed on conductor 410 to electronically isolate
conductor 410. Following the formation, dielectric material 412 is planarized
and Via 340 is formed in a portion of the structure through dielectric material
412, dielectric material 210, and dielectric material 180 to contact 170. Via 340
is filled with conductive material such as tungsten (W) and barrier material 350
such as a combination of titanium (Ti) and titanium nitride (TiN). Techniques
for introducing dielectric material 412, forming and filling conductive vias, and
planarizing are known to those skilled in the art. The structure shown in Fig. 21
also shows additional conductor or signal line material 414 formed and
patterned to mirror that of conductor or signal line material 140 (e.g., row line)
formed on substrate 100. Mirror conductor line material 414 mirrors conductor
or signal line material 140 and is coupled to conductor or signal line material
140 through the conductive via. By mirroring a doped semiconductor such as
N-type silicon, mirror conductor line material 414 serves, in one aspect, to
reduce the resistance of conductor or signal line material 140 in a memory

array, such as memory array 5 illustrated in Fig. 1. A suitable material for
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(colum lines are orthogonal to row lines). Conductor or signal |ine
material 410 is, for exanple, an alum num material, such as an al um num
al | oy. Mawbadet/df10438 t he i ntroducti on and patterni ng of parniseso242®9and
conductor or signal line nmaterial 410 include techniques known to those
skilled in the art. [0040] Fig. 21 shows the structure of Fig. 20 after
formng dielectric material 412 on conductor 410. Dielectric material 412

i's, for exanplreor cYrdRictdr linetheaterialidt abheludas ehi Amidid mated 4 S®h 89 an
conductor 410 to electronically isolate conductor 410. Follow ng the

formation, dilEmiRyiadiofaterial 412 is planarized and Via 340 is formed in
a portion of the structure through dielectric material 412, dielectric

material 21 d di el . rdCqdrriBesH MLk : |
filled vvithqgg%{c}ucti.ve 42294 'sﬁgﬁé as t%‘?qg‘sf"iﬁ‘“ﬁé icklamiidid embiy
350 such addevignhdvingta stiucttira simildrdentiiat Jepioedtin Fag 16nimatcdrdanédiwith
Techni ques for intfoduci helectric material 412, forming and filling
conduct i ve. \ﬁrégmbgﬁ’ﬁeﬁf‘aﬁ%’ %?i%Cé’i’ss&mﬁ’?‘ﬁ'&fﬁgg@gﬁmqgé MP%e art.
The struct urfehftpiMdeliterhlvingla stlistdrs BeMaragdhat o tar pr si gnal
line materi al e414 formed anda patterned torm' rror thatteggpﬂt:%nzgﬂgfor or

si gnal |ine anooedange with gneembodimentl i ne) formed on substrate 100. Mrror
conductor line material 414 mrrors conductor or signal line nmaterial 140

and is coupl o cond i Ji terd thr h_the
conductive v[lsg‘.&]By m r'?l@&ﬁ rg%é %gg%ghs'ém'gb%%ugéﬁc??*os%éﬁ%é{ssuc L%%y'BS"EWi con,
mrror condugdvige bi(Fig.nptvetiérain thedindiMiches mémopncelRRReta strocturesiniiaritbe
resi stance of conductor or sjgnal line material _140 in a_nenory arr

such as menohat deserpes with qelerancata &t leat one ORFI, 1AL ignedrand theor 15 WO
e O e ST RS TSRSl ki A, o 1 e
a net hod i n érabadinerd, sysigmardriciudesonigropdmeasser Hidd;iinputioutput(YO) pert
I ar O a2 iy os el A SR O P SEBRCLOZ A g
g n;ggfﬁ; ﬁ[e &drifedd by dufibus FARChEdrds’ Hu7 1@ indidantraciasy Aipgice Wi th an
Microprocessor 704 fetches instructions or reads data from memory 702 by
sending out an address on address bus 716 and a memory read signal on
control bus 714. Memory 702 outputs the addressed instruction or data word to
microprocessor 704 on data bus 712. Microprocessor 704 writes a data word
to memory 702 by sending out an address on address bus 716, sending out the
data word on data bus 712, and sending a memory write signal to memory 702
on control bus 714. I/0 port 706 is utilized to couple to at least one of input

device 708 and output device 710.

[0043] Having disclosed exemplary embodiments, modifications and
variations may be made to the disclosed embodiments while remaining within
the spirit and scope of the invention as defined by the appended claims.

16



[0042] Further, as depicted in Fig. 24, a nenory array such as nenory
device 5 (Fig. 1) wherein the individual nenory cells have a structure
simlar two2obat174b8scri bed with reference to at | east omeTafs2é6292599% and
Fig. 21 and the acconpanying text can be incorporated into a suitable
system In one enbodinment, system 700 includes m croprocessor 704,

i nput/output (1/0O port 706, and nenory 702. M croprocessor 704, 1/0O port
706, and nenory 702 are connected by dajpaeus 712, address bus 716 and
control bus 714. M croprocessor 704 fetches instructions or reads data
frommenory 702 by sending out an address on address bus 716 and a nenory
read signal ant: us 714. Menory 702 outputs the addressed
instructionvgﬁaﬁgfgéﬁg%hgto m croprocessor 704 on data bus 712.

M croprocessor 704 wites a data word to nenory 702 by sending out an
address on address b%a 16, sending out the data word on data bus 712, and
sending a nemory WSRO CGRANSING nenory 702 on control bus 714. 1/0 port
706 is utilized t i | ! i .out put
devi co 710, {0043l TESRhSIhRuRE SrERELERE % coRBK! R G e s s one
and vari ations rfagming amdpeniogttheoughstbealieldcirichexgiosing thevduntacty enai ni ng

within the spirit_and scope,of the inventiop as defined t he appended
ol aim. 16 v 200D AL SRErPEeI0 0 D5800s. he APREC GRS SRR ned | 5¢ 1.
A method conpri sifBfninglAnThBBesiveich Peldilectié ahdcomtiLélectrBgecont act formed
on a substrate; formng an opening through the dielectric exposing the

contact ; ]tornj n@aitﬁf@igédh? esiver aposingna pgrtionmef theadesteatteion the |
batterning the addBree BgsarhaebToRerarehine adhesiEE g B eetie:
programmabl gnget eri al on the adhesive and on the electrode; and formng a

conductor to the progranmabl e material. .
forming a conductor to the programmable material.

2. The method of claim 1, further comprising:
simultaneously patterning the adhesive, the programmable material and

the conductor.

3. The method of claim 1, wherein forming an adhesive comprises forming
at least one of titanium and polysilicon and forming a programmable material
comprises forming a chalcogenide memory element.

4, A apparatus comprising:

a contact on a substrate;

a dielectric on the contact, the dielectric having an opening extending to
the contact;

an electrode in the opening, the electrode on the contact;

an adhesive on the dielectric;
a programmable material on the adhesive and on the electrode; and

a conductor to the programmable material.
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2. The nethod of claim1, further conprising: simultaneously patterning the
adhesi ve, the programmable material and the conductor. 3. The nethod of
claim1l, wbeoein7438r m ng an adhesi ve conprises form ng Pat/use@to2zne of
titanium and polysilicon and form ng a programmble nmaterial conprises
form ng a chal cogenide nmenory elenent. 4. A apparatus conprising: a
contact on a substrate; a dielectric on the contact, the dielectric having

an openi ng gxtenghag ramé%f%wwtwhé@,ﬁwéa@@lﬁvé hé BRogtaRmarle the
el ectrode on the contact; an adhesive on the dielectric; a pr ogr ammabl e

material onmdteriaidinabihgeccnsictnr arasi@LBBne@dsy Paiiemed. conductor to the
programmabl e material. 17 WO 2004/ 017438 PCT/ US2002/ 025997 5. The
apparatus of claim4, wherein the adhesive, the progranmable material and

t he conductgr ar afhéia"p#atraﬂmsmfsjlamtwaemathéadﬁé@v@pmmtwabrfeast ahén 4,
wherein the adhesive cor@rl ses at | east one titani um and pol ysili con

and the pronHWﬁW@“ﬁaQ Y$'Bﬁ°rb6ﬂ'§)|1h%Eéo%fa”lfﬂéll"@d'@étﬁf'abc%ﬂ%? @l enent. 7.
A system Cogﬁél'cﬁbgﬁlde rﬁe*ﬁo?%@@n% sor; an |np_ut/out put (I1/0O port; and a
u nt ac

menory includinga co na su strate, a dielectric on the contact,

the dielectric having an opening extending to the contact, an electrode in
the opening and on the contact, an adhesive on the dlelectrlc a
prograrmablg e HEMAPTPESIBAhesi ve and on the el ectrode; and a
conductor to the SR materi al; and wherein the m croprocessor, the
I/ O port, and thg%rreﬂgrr%r a?ée& connect ed by a data bus, an address bus and a
control bus. nmputloutput (1/0O) port; and

a memory including a contact on a substrate, a dielectric on the contact,
the dielectric having an opening extending to the contact, an electrode in the
opening and on the contact, an adhesive on the dielectric, a programmable
material on the adhesive and on the electrode; and a conductor to the

programmable material; and
wherein the microprocessor, the l/O port, and the memory are
connected by a data bus, an address bus and a control bus.

8. The system as in claim 7, wherein the adhesive, the programmable
material and the conductor are simultaneously patterned.

9. The system as in claim 7, wherein the adhesive comprises at least one
of titanium and polysilicon and the programmable material comprises a

chalcogenide memory element.

10. A method comprising:
forming a dielectric on a contact, the contact formed on a substrate;

forming an adhesive on the dielectric;
forming an opening through the adhesive and the dielectric, exposing

the contact;
forming a programmable material on the adhesive and on a first portion

of the contact; and
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8. The systemas in claim?7, wherein the adhesive, the programrmabl e

mat eri al and the conductor are sinultaneously patterned. 9. The system as
i n clai mwp2otwariesds t he adhesi ve conprises at | east onePCafuskézanioam and
polysilicon and the programmable material conprises a chal cogenide nmenory
el ement. 10. A nethod conprising: formng a dielectric on a contact, the
contact forned on a substrate; form ng an adhesive on the dielectric;

form ng an openin r | Lelactric, exposing the
contact; formn ognﬁéog?g%@ﬁgﬂgﬁér@[ﬁg%a{bﬁﬂ?ﬁ@% ve and on a first
portion of the contact; and is WD 2004/ 017438 PCT/ US2002/ 025997 formng a
conductor to the programraPI e_ma,lteri'%%. 11. The nmethod of claim 10, further
conpri si ng:1pat t BMMesNeH e’ S@MsiA durthelLIPRF B mabl e material and the
conductor  si nul s aneauslie abhesfRe tHEbRYaMimsdIairatkPal INEHHRI Soddictng an
adhesive conprises formng at |east one of titaniumand polysilicon and
formi ng a mimgitaneals!y. material conprises form ng a chal cogeni de nenory

el enent. 13. The nethod of claim 10, further conprising form ng at | east
one spacer on a second portion of the contact. 14. A apparatus conpri sing:

a dielectrig on ﬁwﬁﬁﬁtﬁ@& of ERmC tviltdreMfodmingPah bahesiveRoaigesve on the

dielectric, the adhesive and the dielectrLg havi ng an openi ng exgosing t he
contact; a fpromgaatiabstonmotiitaaiureendrolysilican srd Rimiag apregrEemabia i on of

h ; ! i al . . Th
appar atus. anetsrE e SahdvahohehERBE R RREN e BRI i > T

13.  The method of claim 10, further comprising forming at least one spacer
on a second portion of the contact.

14, A apparatus comprising:
a dielectric on a contact, the contact on a substrate;
an adhesive on the dielectric, the adhesive and the dielectric having an

cpening exposing the contact;
a programmable material on the adhesive and on a first portion of the

contact; and
a conductor to the programmable material.

15.  The apparatus of claim 14, wherein the adhesive, the programmable
material and the conductor are simuitaneously patterned.

16. The apparatus of claim 14, wherein the adhesive comprises at least one
of titanium and polysilicon and the programmable material comprises a

chalcogenide memory element.

17. The apparatus of claim 14, further comprising at least one spaceron a

second portion of the contact.

18. A system comprising:
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material and the conductor are sinultaneously patterned. 16. The apparatus
of claim 14, wherein the adhesive conprises at |east one of titanium and
pol ysi | i cwo 22017438 programmabl e material conprises a e@oalusegen2ide7 menory
el ement. 17. The apparatus of claim 14, further conprising at |east one
spacer on a second portion of the contact. 18. A system conprising: 19 WO
2004/ 017438 PCT/ US2002/ 025997 a m croprocessor; an input/output (1/0
port; and a nenoaynlcrmbrudémra contact on a substrate, a dielectric on the
contact, an adhesi ve on t ﬂjée ric, the adhesive and the dielectric
havi ng an openi ng™ IBRHEY @/ %ﬁt , a programmable material on the

adhesi ve and on g rf-yéﬁq%"y r@ﬂfdlh@% égnté&eor?Q@Lﬁb‘éiretea@dj|é!e€91'&q}hcth€rcér9a&the

programuabl e mat er| al wherein the m croprocessor, the O port, and
the menory aneadheeWBemtmdj?le&trdhtﬂael@@§esaﬂ¢ %mijﬂ‘@s@elbgtslcmwm anweesindus.

i or 1 51 - aneRehe e e RaPt o er AP Shik e R B8 1 atlR G ART TS oy o

in clai m18pomiter &fitheldontadhawd n&w@mtor&o&hatprb@@mme matériali kagi um and
pol ysilicon and the pro rammabl e materi al conprises a chal cogeni de nenory

el enent. 21. Thewhgseisrthemisranracassors the WerPerb Andite MEMBeY &8st one spacer
on a second r?éét'ea%yog 450§ 4rPEddredd bus and a control bus.

19. The system as in claim 18, wherein the adhesive, the programmable
material and the conductor are simultaneously patterned.

20. The system as in claim 18, wherein the adhesive comprises at least one
of titanium and polysilicon and the programmable material comprises a

chalcogenide memory element.

21. The system of claim 18, further comprising at least one spacer on a

second portion of the contact.
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