CROSS-POINT MEMORY STRUCTURES" AND METHODS OF FORMING MEMORY ARRAYS
‘TECHNICAL FIELD) [0001]Cross-point memory structures, and methods of forming memory arrays.
BACKGROMOZ{0uerPpAcontinuing goal of integrated circuit fabrication is t8BERAEEd2dmount of
semiconductor real estate consumed by integrated circuit devices, and to thereby increase the level of

integration. [0003]WenssyanayNatilicsk & kangecatay.QNmemenHdes easronitneaoipmernyry device
storing one or more data bits. Accordingly, reduction ingﬁe size of individual memory devices may
translate into a large increase in the bit density. C%m memory devices are dynamic random
access memory (DRAM) devices, static random access memory (SRAM) devices, and nonvolatile
devices (so-callggifiasi-deiggs). The nonvolatile devices may be incorporated into NAND or NOR
memory array architectures. [0004]'The size of a memory device may be expressed in terms of the

smallest feature RN ili 2885 rPEAE FREFRON BT THE BB Yo U MBS RS RERIN 4 the smallest feature

size is designated as "F", the memory device dimensions may be expressed in units of F.
Conventional D%Wﬁ frequently comprises dimensions of at least 6F2, and SRAM may require
even inure semiconductor real estate. 100051A type of memory that potentially consumes very little
semiconductor reV8&katetisostoeianeatrb eyttt drathBRicIosis ssdpbratie At & memory cell

occurs at overlageheby@Rwr rMokdlineantha bitline:-saesiticaliy@smemeneeigmentsnaterial is provided
between the WOIid|ine aqd b@tline. The memory element material comprises one or more substances

. evglI of in e(:jgré 1?n. )
which undergo stable and detectable change upon exposure to current; and may be, for example, a
perovskite materifl0BlchaMssepenivky podite didcanrionit taamspartimatelintad ressistidegwsitching material,

a polymeric matggiah ahd/qra Rhaasichanagimatedal.inaenthememanisehampy ke cenfined to a
region of overlap of a bitline and wordline, the memory cgll magl be theoretically formed to dimensions

of 4F2 or less. [CHOSTHEHESRETRS HEGEHR P8 BPStEE N EHBEE RPN HING R AOSS B memory: and to
develop improvedndvessopointmenibRASIdetieSitatic random access memory (SRAM) devices, and

nonvolatile devices (so-called flash devices). The nonvolatile devices may be incorporated into
NAND or NOR memory array architectures.

[0004]  The size of a memory device may be expressed in terms of the smallest feature size
utilized in fabrication of the memory device. Specifically, it the smallest feature size is
designated as "I'", the memory device dimensions may be expressed in units of F. Conventional
DRAM memory frequently comprises dimensions of at least 6F, and SRAM may require even
more semiconductor real estate.

[0005] A type of memory that potentially consumes very little semiconductor real estate is
so-called cross-point memory. In cross-point memory, a memory cell occurs at overlap between
a wordline and a bitline. Specifically, a memory element material is provided between the
wordline and bitline. The memory element material comprises one or more substances which
undergo stable and detectable change upon exposure to current; and may be, for example, a
perovskite material, a chalcogenide material, an ionic transport material, a resistive switching
material, a polymeric material and/or a phase change material. Since the memory cell may be
confined to a region of overlap of a bitline and wordline, the memory cell may be theoretically
formed to dimensions of 4F” or less.

[0006] It is desired to develop improved methods for forming cross-point memory; and to

develop improved cross-point memory structures.



BRIEF DESCRIPTION OF THE DRAWINGS [0007]FIGS. 1-9 and 11 are diagrammatic,
three-dimensional views of a portion of a construction at various process stages of an example
embodimenM§38EX¥832Jorming a memory array. FIG. 10 is a cross-sectioR&NIER0AIRd4He line
10-10 of FIG. 9. [0008]JFIGS. 12, 13, 15-17, 19, 20 and 22 are diagrammatic, three-dimensional views
of a portion of a gRPSiMHIKEEALMRNIOUSHY PRessBigges of another example embodiment process for
forming a memorY $ ray. TII&‘e§ prgcegzlsta e of FIG, 12 follows the r.oces?in stag%i of FIG. 4, and is
alternative to that SIEIG. B PIG, 1205 48 AR muisBieGi e WeAINY 1 iRk P44 % OFFIG. 13; FIG. 18
is a cross-sectiormmbtieivdovig direptinesslBade8 @ik EnhK; card &8t Phasssd ariossugactionadyview along
the line 21-21 of {16 406, [9R0RAIGIG.&3 s & diagAmalic dhirgdinensional view of a portion of a

construction showing an embodiment of a cross-point memory structure, 100101FIGS. 24-35 are
diagrammatic, thi8%8tmefSidriat itels brld: FOAIb A2 srattadhradmmsineah st stages of
another examplgetivbotimentprocasafonfproningtages efanida rayp kRabddikia. pd@ds sodiagrammatic,

three'dimensmn%'rné%{aﬁlﬁiﬁléﬁg%%?n ‘%Sﬁlgpggéé}%t%%g %Pﬁ&ﬂ‘g:ﬂﬂo%%‘%o&%ﬂﬂggﬁgee&tﬁé?hCrOSS'pOi“t

memory structure. [ ] %%r]ammatlc, ree-dimensionalviews of a portion of a
construction at VAfdAd preEeds GeagddoPahlthét erarrptedrBbdimaktbiisdsd 4dr Miiing a memory

array. [0013]FIG148I1shmys.anexample plgathat iy -ersner;withapieaessing alteynative to that

shown in FIG. 2%éctional view along the line 21-21 of FIG. 20.

[0009] FIG. 23 is a diagrammatic, three-dimensional view of a portion of a construction
showing an embodiment of a cross-point memory structure.

[0010]  FIGS. 24-35 are diagrammatic, three-dimensional views of a portion of a
construction at various process stages of another example embodiment process for forming a
memory array.

[0011]  FIG. 36 is a diagrammatic, three-dimensional view of a portion of a construction
showing another embodiment of a cross-point memory structure.

[0012]  FIGS. 37-48 are diagrammatic, three-dimensional views of a portion of a
construction at various process stages of another example embodiment process for forming a
memory array.

[0013] FIG. 49 shows an example plug that may be formed with processing alternative to
that shown in FIG. 29.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

[0014]  Some embodiments include processing methods which may be utilized to form
arrays of cross-point memory cells, and some embodiments include cross-point memory
structures. Example embodiments are described with reference to FIGS. 1-48.

[0015]  FIG. 1 shows a portion of a construction 10. The construction includes a base 12.
The base may comprise an electrically insulative material, such as, for example, one or more of
silicon dioxide, silicon nitride, and silicon oxynitride. Although the base is shown to be
homogeneous, in some embodiments the base may comprise multiple layers and materials
associated with the fabrication of integrated circuitry. For instance, the base may comprise the
above-discussed insulative material supported over a semiconductor material. The
semiconductor material may comprise, consist essentially of, or consist of monocrystalline
silicon. If the base comprise a semiconductor material, base 12 may be referred to as a

semiconductor substrate. The terms "semiconductive substrate" and "semiconductor substrate"”
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DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 100141Some embodiments
include processing methods which may be utilized to form arrays of cross-point memory cells, and
some emboWitheH¥IHARfde cross-point memory structures. Example emboBdit20&¢@2détribed with
reference to FIGS. 1-48. 100151FIG. 1 shows a portion of a construction 10. The construction includes
a base 12. The hage MayEeRpsiseapialecticalboiost alive ) algtitle MehoasmiRl R<8mple, one or
more of silicon dioxide, silicon nitride,ceﬁ:ld silicon O@nitrid% Although the base js. shown to be

homogeneous, it SEHE S bBAITHERETHE HiEE AR S BIEE ITIRIBIS FaY b B haterials associated
with the fabricatiompdsintegratedainbulteobomibstancsuthechaseirhbyccantpriseiher above-discussed
insulative materigal sHARCHGH QY AaSHHGANGUskRtMatariak L Nerse mié}%ggggﬁ%g@éﬁéﬂél may

comprise, consist essentially of, or consist of monocrystalline silicon. If t se comprise a
semiconductor rSHEFE, A8 HBikH e yRrsul <y e s fesHbt b suB e he terms

"semiconductivesaubsidate: subclrse miconduttol supsitaigicdnean anyccahststeticmodmprising

semiconductive “@ﬁﬂa" | ﬁl‘s&%ﬁ@&m‘agBﬁt%}iﬁmﬁﬁﬁleﬁé?%})a%b%‘%@éﬁ‘é’&‘B%‘z‘l‘é%tm{i‘%%%%%esuCh asa

semiconductive warer (either alone or in assem omprising other materials thereon), and
semiconductive Pétettal4ayeraqeriepaiolte Bieifrd skshptiasedthribiri Bheniiskatigle). The term
"substrate” referstn@pysLPROrting structure, including, but not limited to, the semiconductive
substrates descriE@(iiﬁbolgg.tlglg)c?rsogelz is.% ffmicogdl%%oar sgutlvgl%rlgtc% cgqtsltguogtégrgblrgt{nﬁ/f be referred
to as a semicondlctor constriction. T00161A first eleatrode matera ich may also e referred to
as a bottom elecwodesiraterid nbanis fopasetenyarh ageplise, Thasfiestcatiebyroider pratieridlond physically
contacts an uppef shdaagefidase.kecd RO dlhishelasiiadempataial ddumayieRnpiise any suitable
composition or combination of compositions; and in some embodiments may comprise, consist
essentially of, ot WP e or more compositions selected from the group consisting of platinum,
titanium nitride ari@0idhtaldmaenitrig 2¢O 0d Bliarmemaeryhstasketdrigiéarmad dyetlthadinstysiedtrode
material 14. The memary, stack GAMRLSes, arcendind.argen famha st elratindesmaterial, a first

insulative material 18, a second insulative material 20, an electrically conductive material 22, and a
memory elementRiatarisfase fstriiel #hanst HrhseRgHd YR BRI S TRt IR AREND0) together with

the first electrodexmaierial 14 and the electrically conductive material 22 form a

metal-insulator-ingyigier- et (ML dieade elesticalbcondiaive maaial gz may pave a work
function which is high relative to the work function of the first electrode materlaﬁ; and may, for example,
comprise, consigtassb il lsrelefEaHy et rensiaRbre Compositoryiderdetdddroiidhe group
consisting of tanggium siligoRitideiahyemnienansiantaltimy The insdativeimalatialishary comprise
any suitable corrgagtsition or opbinati?tseggscggg (Pdsitions an% may.be tailolred relative to one

1ye to the work tunction material; may; [or example, comprise,
another so that banJgaps, and/or conduction ban eﬁges, andlor aence ban e%pges, between the

materials enablectunsetinggigfycdriersninionend ireotivrrobpesionincdastesbposihgdlirectiomtiThe insulative

materials are thys campesitispaliyditfeeant.rom Qnarnothen ARt SAcR: Mava b S¥AMRle. comprise,
consist essentially of, or congsist of one or more compasitions selected from the group consisting of

aluminum oxide ,S'é‘fﬂP:iS SR LR SRS A ORI ALY Ratilens Bl fosoAlthough the
shown diode is anoliivb diadiendand, thidsconprisediviedpsidadivevalence band edges, between the

materials enable tunneling of carriers in one direction, but not in an opposing direction. The
insulative materials are thus compositionally different from one another, and each may, for
example, comprise, consist essentially of, or consist of one or more compositions selected from
the group consisting of aluminum oxide, silicon oxide, silicon nitride, zirconium oxide and
hafnivm oxide.

[0020]  Although the shown diode is an MIIM diode, and thus comprises two insulative
materials, in other embodiments the diode may comprise three or more insulative materials. The
diode may be, for example, analogous to diodes described in US patent publication
2008/0273363. In some embodiments, one of the insulative materials may be a native oxide on

the first electrode material.



materials, in other embodiments the diode may comprise three or more insulative materials. The diode
may be, for example, analogous to diodes described in US patent publication 2008/0273363. In some
embodimen¥O3E0@PMSinsulative materials may be a native oxide on the RfSt/EROHUIE rhterial.
WO 2010/096225PCT/US2010/021424 100211The memory element material 24 may comprise any

suitable compositjgg2Qr Cm%%ﬁﬁl‘émﬁiﬂiQm&aﬁaﬂnﬂ}imﬁﬁm@éﬁmﬁmﬁmy be a perovskite
material, a chalco%]gnid_e m?terial,.an ionic transport material, a resistive switching material, a

polymeric materfAT SRARSP & SHARS CHSHYE Thigtraf OSSP 2% (9L B S Eafge material, the
material may, forlekagapli, ciengrisepoo eispessentiallyorstioonsisthofzanatixtlirepofygenmanium,

antimony and tefirium . P2 3kARAEEA-MASKinAMatarial Aldsdonner.euar Mmemery element
material 24. The patterned masking material is in the form of a plurality of spaced lines 26, with such

lines extending FHM IS 4Bl g A HONS SHEFSEHBR. SHSIPth & SHINH ORISR S8R the lines

extend exactly adedglthédorizontal direction 30. In other embodiments the lines may have variation so

that they extend sty along harzontal diecion a0k haXe SR WAYINEAR grothepfpatures so

that the lines do not extend entirely along orizontal direction 30. The term "primarily” in the phrase
"extending prim&AlyTEEe st inelfeatédhbeibentel oiheaiisnf Biersdiep’hditatectHizethe lines extend at
least mostly alorgi¢heninglicatedneuzobiabaliestionnB00E3kMaskingwoatanial.d3mmayeemprise any

suitable Composéﬁét%ﬂ‘d%%%ﬂgna Aﬂgﬂl‘éﬂo?fzgﬁfﬂ‘ osfiions and,ma béﬂ{n%??ﬂé’l?ge&%ﬁ"%ﬁ?& consist.
essentlally Of, or CQI”ISIS or oneor more ot pno OFGSISt, amorp ous carpon, trans arent carbon, silicon
dioxide, silicon nitrigeompralsilibencosyhinritiey. aibhe herznetia HisepbOnomierrmas g asssiown), or may

comprise a stackQf Hup.R% Harg @ifigrenl carRaRitiatsy G241 hashrgeddingsaregeparated from
one another by gaéps 32, [OOZ%n some embodiments, th séagced lines may. be referred to as a first

set of spaced lindS Y QisHHBUISH the SHEEPHNEY HO R AR LI THES MR P RE R hesS tbsequently.

[0026]The lines @Bictariastiniinenaetendhd&smay heaformiednditiicd hyrguitallecprocessing. In

[0023]  Masking material 28 may comprise any suitable composition or combination of
compositions; and may, for example, comprise, consist essentially of, or consist of one or more
of photoresist, amorphous carbon, transparent carbon, silicon dioxide, silicon nitride and silicon
oxynitride. The material may be homogeneous (as shown), or may comprise a stack of two or
more different compositions.

[0024]  The spaced lines are separated from one another by gaps 32.

[0025]  I[nsome embodiments, the spaced lines may be referred to as a first set of spaced
lines, to distinguish the spaced lines from other lines that may be formed subsequently.

[0026]  The lines 26 of masking material 28 may be formed with any suitable processing. In
some embodiments, the lines may be formed by initially forming a layer of material 28 entirely
across masking element 24; forming a photolithographically-patterned mask over the layer of
material 28; transferring a pattern from the photolithographically-patterned mask into the
underlying material 28 to form the lines 26 of such material; and then removing the
photolithographically-patterned mask to leave the construction shown in FIG. 1. If material 28
includes photoresist, the material 28 may consist of photolithographically-patterned photoresist,
or may comprise the photolithographically-patterned photoresist mask over an underlying
composition. In some embodiments, lines 26 may comprise sub-photolithographic resolution
features that are formed using pitch multiplication techniques, e.g. spacer pitch-doubling or
pitch-quadrupling techniques. In other embodiments, lines 26 may comprise sub-
photolithographic resolution features that are formed using self-assembly or directed-assembly

techniques, e.g. block copolymer microphase separation. In even other embodiments, lines 26



some embodiments, the lines may be formed by initially forming a layer of material 28 entirely across
masking element 24; forming a photolithographically-patterned mask over the layer of material 28;
transferring W@ adHYpi¥h the photolithographically-patterned mask into the®GRA&3918¢Fhekkrial 28 to
form the lines 26 of such material; and then removing the photolithographically-patterned mask to
leave the constrygtiep RVl Gitbethpmaterilids inalkd aaRRAtRRIsin R MRtekal 28 may consist
of photolithogra%hicall g-gatter.ned phot{)resisg, or r_‘&ay comprise the

photolithographi t&ﬁﬁf (S HEP ROt SSLChEER BUSF A inderlying composition. In some
embodiments, lin€¥26 m&yteomypnEisib-phietolithegfaphites soltion festupastial 2teformed using

pitch multiplicatigntachniRUuRs.£19« SnRsRRARLOMDInG A RitchsadiRlingdashniayes. In other
embodiments, lines 26 may comprise sub- photolithographic resolution features that are formed using

. h
self-assembly o HFECEH2GELEh B RsaiRigtibdad £ Bl e SpEIvAEPr I a¥s &paration. In even
other embodimemts;rlihes Jpecifiay ¢oli firisd subiphatolitioghaphicoig salutiok featoasethat are formed

using particle begmt AR IGF ég&'ﬁﬁes%@ex%ﬁcﬁﬁ%g}{}iggrﬂ%féﬁéqm ARk 2NA IREIGHING tO FIG. 2,

a pattern is transferred from patterned masking material 28 into first electrode material 14 and memory
cell stack 16 witAloridcarifBiacatinds 24s Thartrd firsrelaeisdl Hakerfl 2euhid iy cell stack 16
adopt the patternppttherpatiesaedanasking material 28. Specifically, the first electrode material 14 and

memory cell stacIE0 dopt the pat f the first set of spaced lines 26 extending primarily along the
frt horizontal driiabh Sa LG Mt e e e B A T 2650 22
and 24; and to agirsppéetsisfabelvfhdyectpic nooRgh R afercorgptseRIG s@tabldielpetionvaterial 34 is

formed over lineg,gGinaRA WitbipiheganRs3apenesnbe lings. Riglectie-material fsimay comprise
any suitable composition or combination of compositions; and ma%/%(for.example, comprise, one or

more of silicon dioxe BiffeSH AT EiifedH ST ST REtY 9bBEE Slicon oxides (for instance,
borophosphosilibateplyiebssiboro gitkcabergiitisss flasy disilioateagiakss, etc)). [0029]In the shown

embodiment, masisiag) maferiel 28 MmN QY SLREman. s hsiack 18 .during.formatian gf dielectric

material 34. In other embodiments, masking material 28 may be removed priof to formation of
dielectric materidP38 [OBSHRUMEFKAGT I FETER A nFRRRR D Famh Ak SR BeRrliesP26. Such

removal may beragcamjpiiehe thuiiing aiaycatiitabteipracessing. For instance, the removal may be

accomplished utifgiag an elch:back fadior planayization.

lornsiange. cheigakmeshagical polishing
[(NPR In the shown embodiment, such removal is accomplis ed uti izing planarization {8 form a

planarized uppeP&stsrtRlidsdasdiingingy a6 rdsremstiald o8 siaacadhe FoD3alREBEring to FIG. 5,
patterned maskingsmataiiakaiBhnand 23-sse ipmes avenlineg. hand.oapnihe dislestic material 34 in

the gaps between lines 2§. tterned masking materials 36 and 38 comprise a plurality of lines 40
extending primaﬁ?illsd%éc%alégﬁﬁ% rsjbor‘fvznoer%? é’tlnr%lg[ctls’cl)lﬁ A3"or gﬁ%%éqpt%’ﬁﬁdg&@&nﬁorizontal direction
30. The lines 40naegy b arefeirmdatplasracd apphdugateoPlimesdodigtisiguishiahasrifdorh the lust set of

lines 26. 10032%haipriak36maY.a9Tespanhie fsacalledifese meskinamaiesirlandhgnay comprise
and over the dielectric material 34 in the gaps between lines 26. The patterned masking
materials 36 and 38 comprise a plurality of lines 40 extending primarily along a second
horizontal direction 42 orthogonal to the first horizontal direction 30. The lines 40 may be
referred to as a second set of lines to distinguish them from the first set of lines 26.

[0032] Material 36 may correspond to a so-called hard masking material, and may comprise
any of the compositions discussed above regarding masking material 28.

[0033] Material 38 may correspond to photolithographically-patterned photoresist.

[0034]  Patterned lines 40 may be formed by initially forming a layer of material 36 entirely
across upper surface 35 (FIG. 4), forming photolithographically-patterned photoresist 38 over the
layer of material 36, and then transferring a pattern from the photolithographically-patterned
photoresist into material 36 with one or more etches.

[0035]  Lines 40 are spaced from one another by gaps 44. After lines 40 are formed,

material 28 is removed from within gaps 44 by one or more suitable etches.
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any of the compositions discussed above regarding masking material 28. [0033]Material 38 may
correspond to photolithographically-pafierned photoresist. [0034]Patterned lines 40 may be formed by
initially formWg 21 BBmaterial 36 entirely across upper surface 35 (FIGPETTASIAIAG21424
photolithographically-patterned photoresist 38 over the layer of material 36, and then transferring a

pattern from the phgigllithegraphicalyspatiwesd hetarssistinte-m@iariaksgwith one or more etches.
[0035]lines 40 ar ced from one ther aps 44, After lines 40 are formed, material 28 is
removed from wit ﬁ?ﬁapsR SETBRSHE '%n%%%@séfﬁfg%?ém&?@%i{s dOfRjeg Over fines itk

2010/096225P CEfly $2@10/60 id24) 1 00884 Refenring ! 6-1@By 6nmpaderinl 8B fkI@mB)sismernoved from
lines 40. [0037]R&{REARG IOl GEpfiiaR SIRGIRdR MALAN ARG (Orped oM ings #0.and within the

gaps 44 between lines 40Q. Top electrode material 46 may comprise any suitable composition or
combination of cBRPARItEHE: BHRHEImE smbayHReTite: My COMBIRE IR BHMdRE 8k various metals
(platinum, palladiigride, tungistidinidtitanivongd ebedycrivelipligeatamitngdecampasition&dmetalenitride, metal

silicides, etc.) arb(g?}gQﬂgoqlt’i\égdxﬁg%%dd%%%é%%g%%%materials (conductively-doped silicon,
). e

conductively-doped germanium, etc erring to FIG. 8, top electrode material 46 is removed
from over lines 48988kch rdseig tA( BetedentipsirsrueriahiiAguagidintapre Brecdsstigl For instance,
the removal maydag-aceeielishadguilizngan eishohatkpneianplanaskzaiemdfaninsianse, CMP). In
the shown embqdiment, such removal i complished utilizing. planarization tq fagrm a planarized
pper surtace 4 e L R R R L el R 26
remaining at theegﬂ@éé@tn gl@haeg@ml Blecogphisiedmglizing planarization to form a planarized upper

surface 47 extending across materials 46 and 36.

[0039]  The top electrode material 46 remaining at the processing stage of FIG. § is in the
tform of a plurality of spaced lines 48 formed within the gaps 44 between lines 40. In some
embodiments, lines 48 may be referred to as a second set of spaced electrically-conductive lines
to distinguished them from the first set of spaced electrically-conductive lines 26 of electrode
material 14. In some embodiments, lines 26 may be referred to as a first set of spaced lines, lines
40 may be referred to as a second set of spaced lines, and lines 48 may be referred to as a third
set of spaced lines.

[0040]  Referring to FIGS. 9 and 10, material 36 (FIG. 8) is removed from between lines 48;
and subsequently the materials 18, 20, 22 and 24 of memory cell stacks 16 are removed from the
regions between the lines 48. The removal of materials 18, 20, 22 and 24 from between lines 48
forms the remaining materials 18, 20, 22 and 24 into an array of memory unit cells 50 (only some
of which are labeled). The individual memory unit cells comprise memory cell stack 16 between
the first electrode material 14 and the second electrode material 46.

[0041]  Referring to FIG. 11, dielectric material 52 is formed over lines 48, and within gaps
between the lines 48. Dielectric material 52 may be referred to as a second dielectric material to
distinguish it from the first dielectric material 34. Dielectric material 52 may comprise any of
the compositions discussed above regarding dielectric material 34. In some embodiments,
dielectric material 52 may be a same composition as dielectric material 34; and in other
embodiments may be a different composition from dielectric material 34. In some embodiments,
dielectric material 52 may be considered to replace the spaced lines 40 that had been between
the spaced lines 48 of the first electrode material 46 at an earlier processing stage (FIG. 8).

[0042]  The processing of FIGS. 1-11 removes conductive material 22 of the memory cell
stack 16 after formation of the lines 48 of top electrode material 46. Specifically, the lines 48 are

utilized as a mask during etching of the materials of the memory cell stack 16. In other
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form of a plurality of spaced lines 48 formed within the gaps 44 between lines 40. In some
embodiments, lines 48 may be referred to as a second set of spaced electrically-conductive lines to
distinguishe haiPRem2the first set of spaced electrically-conductive lines PEBVEMEW B4 haterial 14.
In some embodiments, lines 26 may be referred to as a first set of spaced lines, lines 40 may be

Irefem:fd to ?S af sReQLH Rt Qﬁe’“‘a&%ﬁzld@l dir lﬁa’ierﬁ[bd)ﬂiiﬁ@&é}&)m@é)ﬂ Q@c@fﬁpr&g%@o%&?ﬁmrﬁ Selt of spacedd
ines. [0040]Referring to FIGS. 9 and 10, material 36.(FIG. 8) is removed from between lines 48; an
e beequontly o HIRE T AT SAD Lot R e AR L& h TR VS Tom e rogon
between the linesat@alf htareemoalcdfstmatetists 8] A RPf@amdh? #ifrderirbétweaemliffes 48 forms the

remaining materigifs$. 20 AN At ic.aR A o MARAN pibEln SALanisamepf which are

labeled). The individual memory unit cells comlg)rlse memory cell stack 16 between the first electrode
material 14 and té S&duBtaseR vtatioh 8 Jodrpedaphkitorresssips Srsiddife Material 52 is
formed over linegid8ataith withim@apdl batweendhedinddrd8 bEveledins Matgriadbil mayile referred to

as a second di?'ﬁ%ﬂﬁ@%“&ﬂ%%!019&?&%8&F&&%J&%h{iﬁ%ﬁfﬁk%%!&%ﬁ@8 Qﬁﬁéﬁ?&@%eﬂ%i&éﬁ%éic material
52 may comprise any of the compositions discussed above regarding dielectric material 34. In some
embodiments, dieRuaiOTEEARPSY N PETsrs Bt TOIesTtiBR dE dié RRE MNP B#MR™4; and in other

embodiments maytheiadiffacant compasitiemftemneiatestric: i aterinldmdiosprag anyediments,
dielectric materi?l 52 mrgg%(?ﬁ considered t rﬁﬁglléa e the spaced i 3%1,14302m€tthad been between the
Irs

spaced lines 48 gfqﬁ%‘ cleétrodé materia ngstlblrsloélgr |ea}ef31?c§'cessmg S %ga(rae (Eflév.e ). 100421The

processing of FIBSednlinesdihonbis ebpicubudanpnitenal bonatands Ateidond eeiksraek fidnafter formation
of the lines 48 ofigp glaritade.matstiahitb cmraciicrliy.dhsdings ABareufilizadag.amask during

etching of the materials of the memory cell stack 16. In gther 6 embodiments, at least some of

materials of the FRerHS Gl BETERETaASHSY & $8Mihg the top electrode material. FIGS.
12-22 illustrate antétdmple embodindemnir whichl Atateralsiofaamembrylcellistzikeare removed prior

to forming top elgelrofe,Masgtaldf. HAABIREISHAIHRS G ol FORSHMEIRB.hhIRshown at a

processing stage subsequent to that of FIG. 4, and analogous to that of FIG. 5. However, unlike the
processing stag@YfHG0 Baxhe HteTHIS BrisiRhTyACaNUt K ME BreketpbRaythBiliBetiden lines 40

of patterned masdiRBcirode. In embodiments in which material 36 is utilized as a top electrode, material 28
may be removed prior to formation of material 36; and processing discussed below with
reference to FIGS. 16-22 may be modified, or omitted. If material 36 is a conductive hard mask
material, the material 36 may be considered to be patterned into a plurality of conductive lines
37.

[0045]  Referring to FIGS. 13 and 14, masking material 38 (FIG. 12) is removed with
processing analogous to that discussed above with reference to FIG. 6.

[0046]  Referring to FIG. 15, a dielectric material 54 is deposited over and between lines 40.
Dielectric material 54 may comprise any of the compositions discussed above regarding
dielectric material 34. In some embodiments, dielectric material 54 may be a same composition
as dielectric material 34; and in other embodiments may be a different composition from
dielectric material 34.

[0047]  Referring to FIG. 16, material 54 is removed from over lines 40. Such removal may
be accomplished utilizing any suitable processing. For instance, the removal may be
accomplished utilizing an etch-back and/or planarization (for instance, CMP). In the shown
embodiment, such removal is accomplished utilizing planarization to form a planarized upper
surface 55 extending across materials 36 and 54.

[0048]  Referring to FIGS. 17 and 18, materials 28 and 36 are removed to leave gaps 56
extending within dielectric materials 34 and 54. The gaps 56 are trenches extending along the

second horizontal direction 42.



materials 36 and 38. In the shown embodiment, all of the materials of the memory cell stack are
removed between lines 40. However, as long as conductive material 22 and memory element material
24 are remoVERHMIMBBEveen the lines 40, an array of isolated memory ceREMEF2ZBEHAREG.
Accordingly, in some embodiments it is only materials 22 and 24 that are removed between lines 40;

and in other embeglifgentRiMAY BEIMALHiHS1LBodedRRd 24 B roRYRM ftPmRelwvarRr lings 40; and in
yet other embodiments all of materials 18, 20, 22 and 24 of the memory cell stacks 16 may be

removed from b&EVEERT#EE 40 (as shown). [0044]in some embodiments, material 36 is a sacrificial
material utilized t608fine Beforat onHOS a2topEléstpdemdtenardbi(showovid Fi@8vel 9 and 20). In

other embodimegts..fRaKEHM. P MAVRE R GPRAVGIVEMAISHRLEHEH AGCRAMINR LAt Mask). and may
be utilized as a top electrode. In embodiments in which material 36 is utilized as a top electrode,

material 28 may BEPEIBVEPALITS Morrhatelisst milirnsarsishad prdeeramyzdist #95ed below with
reference to FIGstdhGe A2MPRYEerodifiethodinem)tied thnaleriat @pishadasitidug filseabanibmask

material, the m%@F&%%G%Qﬁ%?&&%%?§&9§£§97‘8a‘8§dﬂ§‘_§¢?55‘se |2 24R iy of conductive lines 37.
100451Referring to FIGS. 13 and 14, masking material 38 (FIG. 12) I1s removed with processing

analogous to that/M1§tLssEes 4Gl iRiIsrErbHrE e IIG A1 D02B TR TG T 18 2142k dielectric
material 54 is dappsitethaverand.ngtwepndings:40 (Aielectnia matapiedfitmay) corprigacany of the

compositions discyissed sbove teqaiig dieleetic maleial ¢4, some embodments,dislectri
material 54 may be & same composition as dielectric material 34; and in other embodiments may be a
different compogitaretesnadieldetrid2dateritaraal J0dAPIRERs 9o G erigl Indtkriabb4 is removed

from over lines 4f 2uchreMavabmayLesacarpRlishgd iiizing.-any fifeblaRI0gessing. For instance,
the removal may be accomplished utilizing an etch-back and/or planarization (for instance, CMP). In

the shown emb &fWF(SP\f?%ﬁ&ﬁl?gsrﬂg%ﬁglga%ﬁ%ﬂ%ﬁH:é@ dtilizing planarization to form a planarized
upper surface 55 [@9ghdingfaciess Fatetialdds enodetial @04 81 Referriigads F0G S detand 18,

materials 28 and 36, a[gd %’QPM@&%&ﬂ?%@lﬂi@@&ﬁ%&i&%&qifﬂ&éﬁ&ﬁm@n‘?&g Lz%ﬁﬂ?séﬁﬂ%ﬁ%g 34 and 54. The

gaps 56 are trenches extending along the second horizontal direction 42. )
compositions discussed above regarding dielectric materials 34 and 54. In some embodiments,

dielectric material 60 may be the same composition as at least one of dielectric materials 34 and
54; and in other embodiments dielectric material 60 may be compositionally different from both
of materials 34 and 54.

[0053] Regardless of whether the processing of FIGS. 5-11 is followed, or the processing of
FIGS. 12-15 is followed with material 36 being a conductive hard mask utilized as a top
electrode, or the processing FIGS. 12-22 is followed with material 36 being a sacrificial material
used to define a location of a top electrode, memory arrays will be formed comprising cross-
point memory unit cells; with the memory cells having the same configuration from the various
processing sequences. An example memory cell structure 62 formed by the processing of FIGS.
5-11, FIGS. 12-15 with material 36 being a conductive hard mask, or that of FIGS. 12-22, is
shown in FIG. 23. The memory cell structure includes a line 26 of bottom electrode material 14
extending along a first horizontal direction, and a line 37, 48, 58 of top electrode material 36, 46
extending along a second horizontal direction which is perpendicular to the first horizontal
direction. The line of top electrode material will be a line 37 if processing of FIGS. 12-15 is
followed with a conductive hard mask material 36, a line 48 of material 46 if the processing of
FIGS. 5-11 is followed, and will be a line 58 of material 46 if the processing of FIGS. 12-22 is
followed with material 36 being a sacrificial material.

[0054] A memory cell 50 is sandwiched between the top and bottom electrodes. The
memory cell includes the memory element material 24; and includes materials 18, 20 and 22 as

part of an access device configured for accessing data stored within memory element material 24.
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WO 2010/096225PCT/US2010/021424 100491Referring to FIG. 19, top electrode material 46 is
formed over dielectric material 54 and within gaps 56. [0050]Referring to FIGS. 20 and 21, top
electrode m#eR81YBI2moved from over dielectric material 54. Such renRVEIURNHEBHEdomplished
utilizing any suitable processing For instance, the removal may be accomplished utilizing an etch-back
and/or planarizatigngfeninstaneiccMRMinthp &henmnRmbadimentsuchirgrmaralis accomplished
utilizing planarization rm a planarized upper surface 57 extending across materials 46 and 54.
(0051] e top CTUETAE HARE R HE TERETHIRG AR o a0 SEPSHR 54 1 i e
form of a pluralitpof spegwenlinghd8ddrmed within the gaps 56 (FIG. 19). A difference between the
processing of Fl &5@?'2%1%3@#9@%% Bl%smms }ﬁem@}gr %ﬁ%@éﬂ%%@%q'f@@%&@t@ﬁh@. processing of

FIGS. 12-21 are formed at the locations of masking material 36 (FIG. 16), whereas the top electrode

lines 48 of the pfc¥sistigH RYBT K1Y bewsedipnsthrHineghadashat Yheodatisis of masking

material 36 (FIQabB)e ﬁﬁﬁ&zﬂiﬁ'ﬁgehﬁmgﬁmﬁiﬁtsaﬂFIﬁsiimB;mmgﬁ&dﬁia@ is formed over I_ines 58 of top

electrode materia) jésns qnelechisallynsualye 6aR IIEISFIT MAIRHAL 0 Maxgqprise any of the
g nd 54.

compositions discussed above regarding dielectric materials 34 a n some embodiments,
dielectric materidlf60dhEA el YaTeEomMpRrshion B attleraed wpkins areetiscnhaternan 84 and 54;
and in other embagimeatsyelielgaticamate fiahtRemal mepmpasitinnalle difieseat femobath of
materials 34 an 416%005 1R an[rlglk-:-cs%[l ofs\e/:vgletO 1 th(%r%(r)cs)iﬁggslséggr%% EI%Sé rgl-gflﬁofogﬁ?vyf%d, or die
processing of FIGS. S5 I onowed With material 3 eing a conduc Ve hard mask utilized as a top
electrode, or thenpteedd8irfd I3 S. 12-22 is followed with material 36 being a sacrificial material used

to define a locatiqpeefa topelpeliPfRs ﬁl%@éﬁ(aﬁ[&@ﬁ%ﬂi\/&%&ﬁcﬂﬁém%dﬁ@%P&iﬁa&ﬁ%%s'pomt memory
unit cells; with the memory cells having the same configuration from the various processing

sequences. An &XSHBI8 ﬁ{g?ﬂ% ISR IELRE 62 formed by the processing of FIGS. 5-1 I, FIGS.
12-15 with materiti038 beirlg tneCHdiotivlatzanetanid SR now trabofel /aH aly@2@hlispsheningini=1G. 23. The
memory cell strygiire, INGIHASS alingL8.8f Rt Blackadsmaierial bt exisnding alprg a first

horizontal direction, and a line 37, 48, 58 ‘of top electrode material 36, 46 extending alorig a second
horizontal directASFH3vRiEh! 7S @%@ﬁ&%ﬁfh@rﬂﬂg?ﬁl&ﬁgﬁﬁ%%sﬁ freEifsayPhed TS 1 electrode
material will be arliné3iigh pioaessinghepii@ithodAphbais fpllewednvwithrmochndidetiieghsdierinask material
36, aline 48 of erial 46 if the processing of FIGS. 5-11 is fallo nd will he a line 58 of material
161 the procosei Ny R SLPERTREA AL bl A R S AT AR Domaln
memory cell 50 gasaRdeerkpetiveln havtdp ldhd2bottom electrodes. The memory cell includes the

memory element st rialR2diandd peildes paaterialadeL0 806l gasPakkohanaskessigevice

configured for a%%s%slsmgegt%tl tﬁgq{gl(gh\é\gl%lpnt@t%%%x element material 24.

[0060]  Referring to FIG. 26, bottom electrode material (or first electrode material) 14 is
formed over lines 74 and within the trenches 76 to fill the trenches.

[0061]  Referring to FIG. 27, bottom electrode material 14 is removed from an upper region
of trenches 76, while leaving the bottom electrode material within a lower region of the trenches.
The bottom electrode material 14 remaining in the lower region of the trenches forms a plurality
of spaced apart lines 77 extending along the first horizontal direction 30. In the shown
embodiment, the bottom electrode material fills trenches 76 to a level that is about even with an
upper surface of substrate 12. In different embodiments, the bottom electrode material may fill
the trenches to a different level; and specifically may fill the trenches to a level beneath an upper
surface of base 12 in some embodiments, or may fill the trenches to a level above the upper
surface of base 12 in other embodiments. In some embodiments, the bottom electrode material
may be a conformal coating, such as, for example, a film formed by atomic layer deposition.

[0062] Referring to FIG. 28, a stack 78 of access device materials is formed within the
remaining upper regions of the trenches 76 to partially fill such regions of the trenches. The

stack 78 includes insulative materials 18 and 20, as well as electrically conductive material 22.

9



8 The shown access device is an MEIM diode, with electrode 14 and electrically conductive material
22 being the outer components of the diode; and with the insulators 18 and 20 being the inner
component§? E0@YA2S 100551 Another process for forming a memory arFETTIE P48 EGAvith
reference to FIGS. 24-36. Identical number will be used to describe the embodiment of FIGS. 24-36 as

is used above inglgserbinadhe eRefIRENISQ kN hokde WHAr e RN RiRidQAR6AEG. 24 shows
a construction 70 at a processing stage after.a patterned maski%lf% material 72 has been formed across

a base 12. The SRREPISE SSRGS ATESTRTTEYR TR FOIAT S1OK SIEIFANS) SH S B TAs 74, with such
lines extending prineanilyodilonds the fnorizehtialcdirtatio B30y Mrasikiveg miaterisddZBngdle boimprise any of
the compositiongdesgtibedaPove relative to masking material 28 of HG. 1. [0057]The spaced lines 74
are separated from one another by gaps 76, which may be referred to as trenches between the lines

74. [0058] lle line%Pbr nfaSRIAGARTEHRM IS IBEnd Somer At Ay LsicAbiadprdiBssing. In some
embodiments, thedihes7mnayhbahosack d3ys nitialdyl foipipgadpygepdf. material 72 entirely across base

12, forming 2 phojajipoorapbieall; RIIS6Rg [ORSK ONeK IR IBYRL L MAISKRL T2, fansferring a pattern

from the pbotolithographically-patterned mask into the underlying material 72 to form the lines 74 of
such material; aiéitREhEHMY0IRGltHEDHOtEHADY rMibrTE iy btk aey feaPKk A IRaver g4 cBnstruction

shown in HG. 24,[QRa0]1Refieningdopbichindmas @atpeks ispansferred from patterned masking material
72 into base 12 tcno%g ndlﬁge tr rl1che 76 into thﬁ Pﬁg%cgsgo v%%l?eferrﬂg&t&gﬂﬁf a26, bottom electrode

material (or first electrode ma lecfgllefl)c?fl IHSIMEd Over Thes 74 and within the tranche7s to fill the

trenches. [0061]Referrihged FrGayTopditbrn wiscrioseclorathriaiptanist rarfiered froni adnupper region

shown embodiment, all of the materials 18, 20 and 22 are recessed. Such recessing may be
accomplished during an etch utilized to remove materials 18, 20 and 22 from over lines 74; or
may be accomplished with an etch conducted subsequent to removal of materials 18, 20 and 22
from over lines 74. In some embodiments, the access device materials remaining within the
trenches at the processing stage of FIG. 29 may be considered to comprise sidewall regions along
sidewalls of the trenches, and to comprise bottom regions along bottoms of the trenches; and the
recessing of materials 18, 20 and 22 may be considered to comprise recessing the sidewall
regions of the access device materials to a level beneath an upper level of the material 72 along
the peripheries of the trenches. In some embodiments, the recessing may be conducted to
remove all of materials 18, 20 and 22 from the sidewalls of the opening to leave a block of
materials 18, 20 and 22 at the bottoms of the openings, and such blocks may have planarized
upper surfaces extending across materials 18, 20 and 22. An example block is shown in FIG. 49.

[0066]  Referring to FIG. 30, memory element material 24 is formed within trenches 76 in a
processing stage following that of FIG. 29. The memory element material may be formed in the
shown configuration by initially providing the memory element material over lines 74 as well as
within the trenches; and then utilizing planarization (for instance, CMP) to remove the memory
element material from over the lines, while leaving the memory element material within the
trenches. The memory element material remaining within the trenches may be considered to
correspond to a plurality of spaced-apart lines that are in one-to-one correspondence with the
trenches.

[0067] In the shown embodiment, the memory element material within trenches 76 has an
upper portion 78 extending across uppermost of materials 18, 20 and 22; and has a plug portion
80 extending downwardly from the upper portion and into a container defined by materials 18,
20 and 22. The plug portion has downwardly-extending sidewalls 81 and 83, and has a bottom

85 joined to the downwardly-extending sidewalls. The conductive material 22 extends along

10



of trenches 76, while leaving the bottom electrode material within a lower region of the trenches. The
bottom electrode material 14 remaining in the lower region of the trenches forms a plurality of spaced
apart lines A @x99896223long the first horizontal direction 30. In the shownP&HBSAMHERL4He bottom
electrode material fills trenches 76 to a level that is about even with an upper surface of substrate 12.
In different embedimemisdshevarticmialartrade mats ipihiay.filhineitenche mioaeiesnt level; and
specifically may fill the trenches to a level beneath an upper surface of base 12 in some embodiments,
or may fill the tresﬁ%'égfo a level above the upper surface of base 12 in other embodiments. In some
embodiments, thdél§68tomRelectngdetthatériap phairdde maconfomrabobdtitgdsnetarab,ifdrrexdmple, a film

formed by atomig,layer denresiinnn.+Q964 1L, Reterring i FiGr g8, #stack 78 of access device materials
is formed within the remaining upper r(i%ions of the trenches 76 to partiallé fill such regions of the

trenches. ‘lle stacl®8lincRIGEETHSUKVE MATERaR e Eah Remard fef'aRe At EbHductive
material 22. Althdyglrthe actessdevidehidiefiads atenskawActoMaetitt @8anppivoéspradlative materials,
in other embodi ' ials ' insulative materials. In
some embodim n%g(} ﬁtﬁgg?ﬁ%sﬁtﬁslﬁsgﬁ gﬁ%@ﬁ@[@%ﬁ%@%%ﬁ%@%@%@%E%Rg%}rhr%\g&{%%n%t the bottom
electrode materigl B3 THes AGeedeas\icBahidiehiars dberteihabey coithaefeiany sVBElined?4 and within

trenches 76 so thalstheatagki4 hascamundiiatingidppantopagap bhd@ReriRefardng to FIG. 29, the

materials 18,20 %])r}%ozn 2 itraecrgomge{ed from over lines 74 with etching and/or polishing. If etching is
utilized, such etching may comprise a plasma etch. If polishing is utilized, such polishing may comprise
CMP. [0065]Electi®#ly cAhellieshA reaiacisl IRRmigneeedsell wiphitf-trenches 76 so that an upper surface
of the electrically ggafuctivg.-matesigldsnelwitheuRrgtmastatifaces &f inesrdnipthe shown

embodiment, all of the materials 18, 20 and 22 are recessed. Such reces%g%r&a be accomplished

during an etch utit¥E$8 PRIFTNR tn Ktetiafe 76; 074H18- SR BB Pidsey 58" 8 ccomplished
with an etch condutedsubsdgypbmilty réhnesHl ofambite Alaly 18 |ROiandl 2Rchtomi@yer limes 74. In some
embodiments, thﬁaﬁ;ﬁi‘xggﬁﬁé{jﬁyﬁﬁ%@Qﬂ%@%ﬁmﬂ@ﬂﬂg‘éﬁwi&&lﬂﬁsgﬁﬁlﬁﬁ%%w&ﬁeﬂ{%%gng stage of

HG. 29 may be considered to comprise sidewall regions along sidewalls of the trenches, and to
comprise bottonTRSKRETRASEh S IMREHLFERE fraREpOs mariintreiatb &ty depisnsiand 48, 20 and 22
may be considefedeto fe@ntprisease 6e ssingethelsidenaliaeons fAheaetassidevikenmaterials to a
level beneath an upper. leve| of the material 72 al th ripheries of the trenches..In some
embotmmente. T R e B e E B o the
sidewalls of the eigiidite’ Eavelbsibekspintiterididels o el Sipeadthe bottoms of the openings,

and such blocks may2havedpianalizen apehsHfacasi @ NP eing aCr9ssh Al tale118,20 and 22. An
example block is shovmhiraWI. 49, [togfé/@ReJ%mr% ta FIG. 30, memory element material 24 is formed

within trenches 76 in a prgocvgtshsallﬁét% age foﬁlilowmg hat'df HG. 29. The memory element material may

be formed in the $¥B¥in cBrfigunatidiCoyoiritedkiyip novidinh §0thdomednory tebpetpentplateidbover lines 74
as well as withinyffg 88 adelhenpfilizingiplaprrizatiaNo (el NSianee «tMPhio remove the

memory element material from over the lines, while leaving the memorﬁﬁelement material within the

trenches. The m%%‘ﬁ}t’@f@mécﬁfsﬁqﬁ@ﬁﬁwwgﬁfﬁ?fﬁ QitslerfemrsHEng Sty be considered to
correspond to a plerality ofigpagedespalrbdi(ies. hiaiarainco pastosdoer g oxresfcndenoeanith the

trenches. (00671 iSO GBI G Yt E.ARMRR %EEH%%%@};ERLMM@H&Q&%S 76 has an

upper portion 78 extending across uppermost of materials 18, 20 and 22; and has a plug portion 80
extending down\%ﬁfd?;fll?@ngif‘the upper portion and into a container defined by materials 18, 20 and 22.
The plug portion heggowmpatdlyrextanding. stlewals8d nand$ 3ranehiasiaettoprdbijoined to the

downwardly-extending. Sidewalisingsonductva maeal 22, RURRIR 29090 in FIG. 36 as 2
structure 92.

[0076] The memory cell structure includes a line 77 of bottom electrode material 14
extending along a first horizontal direction, and a line 48 of top electrode material 46 extending
along a second horizontal direction which is perpendicular to the first horizontal direction.

[0077]  The memory cell structure also includes the memory element material 24, the

insulative materials 18 and 20, and the electrically conductive material 22. The materials 18, 20

and 22 are part of an access device configured for accessing data stored within memory element
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10 both of the downwardly-extending sidewalls 83 of the plugs, as well as along the bottoms 85 of
such plugs. [0068]Referring to FIG. 31, top electrode material (or second electrode material) is formed
over memony @RIHEMoAAterial 24, and over material 72 of lines 74. [0069] RETEHSRY 12162432,
masking material 36 is formed over top electrode material 46, and patterned masking material 38 is

formed over matgkigh:36s Matariaka® Mmay oNesPaos o phatalifograrhicadinatigines photoresist,

and is formed in the ern of the plurality of spaced-apart lines 40 analogous tg that which was
Ciscussed above TR SIdTRCA B ESTBURRS TR A b il H SR AR OB direction 42
which is orthogomadrtotiperfinst didrézbmtal direction 30. [0070]The lines 40 are spaced from one another

by gaps 44. [007 }jipaferrinao G AdodiRatarp iR Hapsiartath iirmimairiiakfEe, 32) through
underlying materials 72, 18, 20, 22, 24, 36 and 46, to pattern such underlying materials into the

configuration of H?Eiﬁldrgaqﬁ'ﬁ“&“ﬁﬁé@%@@%@%ﬁf&lﬁ%ﬁ R huHAontal dirélsdii?" &hd then masking
material 38 is remevédy Suek pdttéronint: nyayr ompriae iranstering dateéymirenalmasking material 38

into hard mask 3¢, %mﬂl\é%'ls@f ﬂ&#ﬁl&ﬁ@%&%ﬂ%ﬁ%%@%ﬁ&gQi&é%@ﬁé‘%E Qldpe B@tﬁ% i fard mask 36

into the underlying materi , 18, 20, 22, 24 a one or more suitable etches. The

patterning formsthieiteh'etectrsae wihre e mderallsiuragitpreratecvesl ez ags @it such electrode

lines 48 being pasiiafitihe dines 40y [0@hdliRelewing §9 Jf ik pbsk, askingiviaiesialda iss@moved. Such
removal may be a%lcqmplished with an etch, CMP, and/or a wet clean. 100731Referring to FIG. 35,

dielectric material 98 i€formed over top electrode lines 48 and within the gaps 44 between such lines.

Dielectric materiall8®hay tomiuigks Enylohtha sentsssitbersdisdussedarsspradiithivéderence to
dielectric materigl.34;0f il Gm3en R AdAd thakahimateriahRE20RlCe ARbienieh ey & Q% 1Q formation of

dielectric materia{.QO in the sh.owcrim terrtlboctizl,irrh(?nt, in othler erpblgdirrgien}s leate{)iac{.% tm? I(r}emain at the
processing Stagg %IFTEI@I' @ge.ssmg dala stored 1n te memory clement. cecoraing Y, ¢ cmbodiment O .

36 may be considered to comprise a multi-sided container of access device materials (with such
multi-sided container specifically comprising two sides in the embodiment of FIG. 36); and to
comprise the plug 80 of memory element material extending into such multi-sided container.

[0080]  In the shown embodiment, memory element material 24 has an uppermost region 78
that extends across uppermost surfaces of all of the materials 18, 20 and 22 (with such uppermost
surfaces being labeled 19, 21 and 23 in FIG. 36). However, as discussed above with reference to
FIG. 29, the invention may include embodiments in which material 22 is recessed within a
trench, without recessing one or both of the materials 18 and 20. In such embodiments, the
upper portion 78 of memory element material 24 would not extend over the upper surface of the
materials which were not recessed within the trench, and accordingly may be over an uppermost
surface of electrically conductive material 22 while not being over uppermost surtaces of one or
both of materials 18 and 20. If the processing of FIG. 49 is utilized instead of that of FIG. 29, a
memory cell analogous to the structure 92 may be formed, but with a different configuration of
materials 18, 20, 22 and 24.

[0081]  Another process for forming a memory array is described with reference to FIGS.
37-48. Identical number will be used to describe the embodiment of FIGS. 37-48 as is used
above in describing the embodiments of FIGS. 1-36, where appropriate.

[0082]  FIG. 37 shows a construction 100 at a processing stage identical to that discussed
above with reference to FIG. 24. Accordingly, the patterned masking material 72 has been
formed across a base 12. The patterned masking material is in the form of a plurality of spaced
apart lines 74, with such lines extending primarily along the horizontal direction 30. The spaced
apart lines 74 are separated from one another by gaps 76, which may be referred to as trenches

between the lines 74.
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100751The construction of FIG. 35 comprises a memory array which includes a plurality of cross-point
memory structures. An example of the memory structures is shown in FIG. 36 as a structure 92.
[0076]The nYeddp/084R2%ructure includes a line 77 of bottom electrode matBHAIUSRHER{RHdA4g along a
first horizontal direction, and a line 48 of top electrode material 46 extending along a second horizontal

direction which is|pggnendictiani®the; fast-harzanial hitegiam. «[PR6LE e smamemeelh structure also
includes the memory element mat%ria} 24, the insulative materials 18 and 20, and the ?Iectrically

conductive mateN&I &5 HE InsHRE e 56 A AFS IR S LR USL AR R RS K UWPed for
accessing data stireddvithinngrerrory 12 miebsn bl érialidd (TFhemboeésdemiceis an MIIM diode, with

electrode 14 and gygairicatly; Yelvesmagtiales p@iﬁg%g%%fog%wggge%m%diode; and with

the insulators 18 and 20 being the inner components of the diode. 100781In the shown embodiment,
the memory elertarlismsietpiP sk regesache Thpdt guiotings. dotemdaig et ses i paibst of

materials 18, 20eanao22mandhthet plignpadrtien!i8e extaaditdndovwiruasdiy fodii taeranpiper portion and into

a container define@@ﬁ m g{égﬁg}gF@ @n&&ﬁugﬁgg mﬂg %gm%pafk%%%%% t%g Qmaﬁ?gm-t%xtending

sidewalls 81 and 83, and has the bottom 85 joined to the downwa nading sidewalls. The
conductive matefigidoussiethars aithtsisteeds e dowaadmgveResrmiter srde b 6f the plug, as
well as along thechetiamBoeuspeghiaf HORFQYHavmrterials B.20t@nctkRrraay haitogether
considered to cor[esgond to ptiﬁ)qe n’hatetfﬁl. IQ some emboc{ima?nﬁs, the .mate{i s 18,20 and 22 are
d IOWer 1eg101,0 € 1re; CS. ¢ bottom electrod aler 14 emaining 1n the Iower region
components of an access device Gtilized tor accessing data stored |natlﬁegmemory element.
Accordingly, thecatbodichrsrerat Heplgalitiay sbeconsidarsd texeodpridenatha it Sideehebntainer of
access device mgiteriglsdwith such multi-sided container specifically comprising two sides in the

embodiment of FIG. 36); and to comprise the plug 80 of memory element material extending into such
multi-sided contaiﬁgw [00%“(%’[‘8%8 o a&ﬁ%ﬂb%%ﬁ%&?{ %ﬁf&é%l%ﬁé%%é@ﬁ&i@ﬁl has an
uppermost regiomer@eiidt dhtendsaprossidppermostisurfpoestdd @ahpdshenmatertalgit8p20 and 22

(with such uppermast surfages heing laheled 19,21 and;a3. 0., 36): Lweyer;ag discussed above

with reference to FIG. 29, the invention may include embodiments in which material 22 is recessed
within a trench, WRHELETEERELKY GHEGRBER B ¢he materials 18 and 20. In such embodiments, the
upper portion 78 @osTe matyfelemenithateniakzd 100 uletinotceXiendvevanithiel tppak suréace of the

materials Whlchl\% re,npprecess Wlthlf] e trench a%%e an?’cncl){tg}lnagbém%ybg)e% Qver an yppermost

ing and polishing. . shown entbo
surface of electrically condtictive matgrla 5 While not being over uppermost surfaces of one or both of
materials 18 and-Y iff lgae pidenagsiA guehea ¢ 48tqadimgipeenssimateriad 6 il 6% HG. 29, a memory cell
analogous to the gisggiturer 82nmays Pesfamad b wikbral differenheoviiguiatien @f materials 18, 20,22

and 24. 100811Another process fotlagring a memor ataﬁl%}’ohs. %?C%P@% With referenge to FIGS.
37-48. Identical Rumber' Wi Uséd to déscribe the embodiment of FIGS. 37-48°35'iS Used above in
describing the enibedimenpbiclHBSMERBoWhareanppropniate, a pattern of a plurality of spaced-
apart lines 108 extending along the second horizontal direction 42 which is orthogonal to the first
horizontal direction 30.
[0089]  The lines 108 are spaced from one another by gaps 110.
[0090]  Material 104 may comprise any of the compositions discussed above relative to
material 28 of FIG. 1. Material 104 may be of a common composition to material 72 in some
embodiments, and may be compositionally different from material 72 in other embodiments.
[0091]  Referring to FIG. 44, a pattern is transferred from material 106 (FIG. 43) through
underlying material 104 to pattern such underlying material into the configuration of the plurality
of lines 108 extending along the horizontal direction 42; and then masking material 106 is
removed. Such patterning may be considered to comprise extending gaps 110 into material 104.
[0092]  Some of the material 102 is exposed within the gaps 110. FIG. 45 shows
construction 100 after the exposed portions of material 102 have been removed. Such removal
creates openings 112 (only some of which are labeled) that extend to an upper surface of the

bottom electrode material 14. As discussed above with reference to FIG. 40, the lines 74 of
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[0082]FIG. 37 shows a construction 100 at a processing stage identical to that discussed above with
reference to FIG. 24. Accordingly, the patterned masking material 72 has been formed across a base
12. The pat¥ee¥@ei@ng material is in the form of a plurality of spaced ag$iT{IHE81P42¥dh such lines
extending primarily along the horizontal direction 30. The spaced apart lines 74 are separated from

200/006225PC 20 LN OOR R elenterto I 38 conatraction 100 1 show

1 S5PCT. 0/021424 1 1Referring to FIG. 38, construyction 100 is shown at a
processing stagglﬁe%ﬁicéw a@&f%ﬁf@%f B 39.‘%%%%%&1&"{8‘?#?&? PaCAUBIRgly, a pattern
has been transfeneidfiyrppatterdedmiaghinly npategal Z2nimtddrasadd2d o extespdnthe trenches 76 into
the base. 100841RgfewipR %gpﬂ(l?() O’i,gﬂ%gﬁzgres IR Q0H®; shigwn at a processing stage identical to

that discussed above with reference to F . Accordingly, bottom electrode material (or first
electrode material{%P4lis rObrTEEREGE ! InBYy P4 RYIGRKIA ihEPmieHE RobE RS FIPERBS e
100851 Referringhtaiola.c4bo dianst arciionsileddg:shgwn at a processing stage identical to that

discussed above wbm]refefﬁ%%?réﬁ%ﬂ% ﬁgfﬁgt agg@é&g&g,&gf&gﬁé&l@ﬁﬁr@lgﬁn a,;p&%t'lf?dmis removed from

an upper region of trenches 7 e e bottom electrode material within a lower region of the
trenches. The béltefRde Baigd dimatehi adseta Ain GRS 1B feibmheattpleht dliHes forms the
plurality of spacedeapart lines 77 extending along the first horizontal direction 30. 100861Referring to

FIG. 41, an etch B‘BQSlayefEe%e%n'sté%@%%,%‘étea'éllt':?f&gé‘ce%{‘é’eé’i’c%%ﬁér% SRl deeTrhn??t%}ﬁﬂ stop material
may comprise any Sul able comﬁosmon or combination of compositions, and may, 1or example,

comprise, consiSteasdpttiany vothioitheonsistof Slidda wHdxidenkipenalyitiid eoppsitieenl bxyHitride.

[0087]Referring {dcHs it @isHiRkd B2da e maxedofram Ave LiRaENIAL SRl RRear Both of etching
and polishing. In the shown embodiment, material 102 has been removed with CMP to leave a

planarized surfaééthﬂ’}%lgﬁgﬁc&iZa@1%1%‘%@%‘5%9?&?37”20538”%‘? mISHER R AR EYIERS. 43, a masking

material 104 is founeck 3Yeraguritaded@3hamtvo insulative materials. In some embodiments, the
insulative material 18 may correspond to native oxide grown over the bottom electrode. The
drawing of FIG. 46 is somewhat confusing in that the materials 18, 20 and 22 along the rightmost
edge of the drawing join two different planes to one another. A dashed line 105 is provided to
indicate where the view of the materials 18, 20 and 22 along the rightmost edges changes from
one plane to another. Also, there is an illusion along the rightmost edge that appears to show
gaps 110 pinched relative to openings 112. Such illusion results from the direction along the
cross-section of the rightmost edge, and in actual practice the gaps 110 may correspond
identically to the widths along one side of the openings 112.

[0096]  Referring to FIG. 47, the materials 104, 18, 20 and 22 are removed from over
materials 72 and 102 with etching and/or polishing. If etching is utilized, such etching may
comprise a plasma etch. If polishing is utilized, such polishing may comprise CMP. The
removal of materials 104, 18, 20 and 22 from over materials 72 and 102 leaves the materials 18,
20 and 22 only within openings 112, and leaves the openings 112 laterally bounded by materials
72 and 102. Materials 72 and 102 are different from one another so that material 102 could be
selectively removed relative to material 72 at the processing stage of FIG. 45. Thus, the
openings 112 at the processing stage of FIG. 47 may be considered to bounded by two types of
material (with one of the materials corresponding to material 72, and the other corresponding to
material 102). Two of the four sides of the openings 112 will be laterally bounded by one of said
two types of material, and the other two of the four sides will be laterally bounded by the other of
said two types of material.

[0097]  Electrically conductive material 22 is recessed within openings 112 so that an upper

surface of the electrically conductive material is below the uppermost surfaces of materials 72
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patterned masking material 106 is formed over material 104. Material 106 may correspond to
pbotolithographically-patterned photoresist, and is formed in a pattern of a plurality of spaced-apart
lines 108 exXYeRaMy/WeR3§ the second horizontal direction 42 which is ortho§&6FAV 3O %FE horizontal
direction 30. 100891'lle lines 108 are spaced from one another by gaps 110. [0090]Material 104 may

comprise any of {he)¢oMp@skiens discuseed ALPUR rtative 1) 1w atenahr8.0fklG sdenMaterial 104 may

be of a common composition lo material 72.in some embodiments, and m c ositionally
diferent from M T3 BAEP RGO TEREL “pURH TG KEIES e LeBAGAHTTS ransferred

from material 10&/¢Fi@¢cd) theout:undeylherrgongtesial ilhicigattedncsdohberyderiying material into

the configurationgf the.Phiefity 98 lnesA8extending.alane the herizenial difrelintd2,and then
masking material 106 is removed. Such patterning may be considered to comprise extending gaps 110

into material 104{B0Y2] SO (RBYRLENILI B8 taBRgbERd it HEBaper 61ErG ™% shows
construction 100aftesite cxposptkpadtonsafiimatietialidlG2haiehbeeniigniiad] Suehpemoval creates

openings 112 ( _MO%?@%QJ AR SS'Q@%%%MH%F §ﬁ%¥%{éqetc%s§’iﬁg‘b?8cecres§ Hass g bottom electrode

material 14. As discussed above with re e to FIG. 40, the lines 74 of 13 material 72 may be
considered to beSp¥cadobA GAEIIBIREIBRItPEPREPERE (B Yrkpal maipaheiiis crTaeu®). Similarly, the

lines 108 of matgfialidiod MeyhRcansidgiedito-bs sRaces from anejannierdpsgapsdd0. Accordingly,
the openings 112 ma g cqonsidered to.correspond to locations wher 0.qverlap gaps 76
(shown in P1G. 487 T0007T R P esine T e e o Geas ol i s A58 ebona
openings, and irfitheakhewa edeirdidiaalngcusty fo die sidesssopdriinesd 200941 efogesiindd@ 12 are in a
many-to-one arrgngement with the lines 77 of bottom electrode material 14. In other words, there are

many openings 112 along each of the individual lines.
yop g [0098] gRe erring to FIG. 49, memory element material 24 is formed within openings 112

and over materials 72 and 102.

[0099] In the shown embodiment, the memory element material within openings 112 has
plug portions 114 extending downwardly into containers defined by materials 18, 20 and 22.
The plug portions have four downwardly-extending sidewalls analogous to the sidewalls 81 and
83 of FIG. 36 (with such plug portions of the embodiment of FIG. 48 being defined by the four
sides of the containers formed by materials 18, 20 and 22 within openings 112, with such
containers being visible in the top view of FIG. 47), and have bottoms joined to the downwardly-
extending sidewalls. The conductive material 22 extends along the downwardly-extending
sidewalls of the plug portions, as well as along the bottoms of such plug portions.
[00100] In subsequent processing (not shown), the memory element material may be
subjected to planarization (for instance, CMP) to remove the memory element material from over
the materials 72 and 102, while leaving the memory element material within the openings 112.
Top electrode material analogous to the electrode material 46 of FIG. 31 may be then be formed
over memory element material, and patterned to form a plurality of top electrode lines analogous
to the lines 48 of FIG. 34. Such patterning may utilize processing analogous to that discussed
above with reference to FIGS. 31-35. The construction 100 of FIG. 48 may thus be utilized to
form memory cell structures analogous to the structure of FIG. 36, but where a plug portion of a
memory element material is within a four-sided container of access device material, rather than
within a two-sided container of the access device material. The two-sided and four-sided
containers of FIGS. 36 and 48 are examples of multi-sided containers that may be formed in
some embodiments of the invention. The number of sides of multi-sided openings may be varied

in other embodiments (not shown), and the lengths of the sides may be varied, so that the multi-
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100951Referring to FIG. 46, a stack 78 of access device material is formed over materials 72 and 104,
and within the openings 112. The stack 78 only partially fills the openings 112. The stack 78 includes
insulative m#@AAIY/ABRAd 20, as well as electrically conductive material 22U Pt Back 78 is
shown to include a pair of insulative materials, in other embodiments the stack 78 may contain more

than two insulatiyg.matesiais nliy serpasnbadiments. thednsuimivaiaalenial hiymay sarrespond to
native oxide grown o§er the L}ott.Om electrode. The drawing of FIG. 46 is somewhat confusing in that

the materials 18%590 BAd"S S AI5HE tHE VMBSt O L Bt M Rling join two different planes to one
another. A dashéddlitié 106nsydrovddethgevindicdtecwiderie thegieh2db theaetahials 0 8r@0tand 22 along

the rightmost edges changes {ram.oRmRHRANE R ARAHAT'S0sthare oAl LupioRAIANg the rightmost
edge that appears tg show gaps 110 pinched relative to openings 112, Such illusion results from the

direction along th¥iBEReRaenl GrdnadigimBshedyierhmasHeA RS PR bty HAPEARE%Eth may
correspond identiagliyed dhediiditsralongvihehside it 0P S g3 LR 2(0[0RAGIR efe siingute FIG. 47,

the materials 104,18, 30,@nd 2 A1E.CIIAVES OMLQVEL RIS LA RACAQRMISighipo andlor

polishing. If etching Is uti such etching may comprise a plasma etc Ing I1sutilized, such
polishing may cétppreeimrm Pl THE rérmbvalicrsh ateraIsuE oS Pé?&@l‘aﬂdi@@‘g@ﬁi-dweﬁﬁaterials 72 and
102 leaves the mateftldnidt 20°7¥ 22 anlynwithin.0peniings shhe agiidirayasifienopenings 112
laterally bounded besrs'glﬁate @ésé Ygoaglgn%g‘ﬁrlwﬁ%lalsa@eaﬁglloﬁagrﬁ dirt)fgeré%plt f)rtotﬁrg one another so that
material 102 colld e Sefec |vé]ily femoved refative to-ma en%f“?t af He processing stage of FIG. 45.
Thus, the openirgsotiizesi thélpfodedsing stage of FIG. 47 may be considered to bounded by two
types of material (with one of the materials corresponding to material 72, and the other corresponding
to material 102). 'lwo of the four sides of the openings 112 will he laterally bounded by one of said two
types of material, and the other two of the four sides will be laterally bounded by the other of said two
types of material. [0097]hlectrically conductive material 22 is recessed within openings 112 so that an
upper surface of the electrically conductive material is below the uppermost surfaces of materials 72
14 and 102. In the shown embodiment, all of the materials 18.20 and 22 are recessed. Such
recessing may be accomplished during an etch utilized to remove materials 18, 20 and 22 from over
materials 72 and 102; or may be encompassed with an etch conducted subsequent to removal of
materials 18, 20 and 22 from over materials 72 and 102. In some embodiments, the access device
material remaining within the openings 112 at the processing stage of FIG. 47 may be considered to
comprise sidewall regions along sidewalls of the openings 112, and to comprise bottom regions along
bottoms of the openings; and the recessing of access device materials 18, 20 and 22 may be
considered to comprise recessing the sidewall regions of die access device materials to a level
beneath an upper level of the materials 72 and 102 along the peripheries of openings 112. In some
embodiments, the recessing may remove all of materials 18, 20 and 22 from along the sidewalk,
analogously to the processing discussed above with reference to FIG. 49. 100981Referring to FIG. 48,
memory element material 24 is formed within openings 112 and over materials 72 and 102. [0099]In
the shown embodiment, the memory element material within openings 112 has plug portions 114
extending downwardly into containers defined by materials 18, 20 and 22. The plug portions have four
downwardly-extending sidewalls analogous to the sidewalls 81 and 83 of FIG. 36 (with such plug
portions of the embodiment of FIG. 48 being defined by the four sides of the containers formed by
materials 18, 20 and 22 within openings 112, with such containers being visible in the top view of FIG.
47), and have bottoms joined to the downwardly-extending sidewalk. The conductive material 22
extends along the downwardly-extending sidewalls of the plug portions, as well as along the bottoms
of such plug portions. i00100iin subsequent processing (not shown), the memory element material
may be
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subjected to planarization (for instance, CMP) to remove the memory element material from over the
materials 72 and 102, while leaving the memory element material within the openings 112. 'lop electrode
material analogous to the electrode material 46 of FIG. 31 may be then be formed over memory element
material, and patterned to form a plurality of top electrode lines analogous to the lines 48 of FIG. 34. Such
patterning may Afize processing analogous to that discussed above with reference to FIGS. 31-35. The
construction 100 of FIG. 48 may thus be utilized to form memory cell structures analogous to the structure
of FIG. 36, but where a plug portion of a memory element material is within a four-sided container of
access device material, rather than within a two-sided container of the access device material. The
two-sided and four-sided containers of FIGS. 36 and 48 arc examples of multi-sided containers that may
be formed in some embodiments of the invention. 'the number of sides of multi-sided openings may be

varied in other epiiagimentsroye-sbpwmemitshigrienaras edisisidgs may be varied, so that the multi-

sided containers may have more than four sides. In some embodiments, there may he so many sides that

the multi-sided Colft&iREY SrE'SGBOCH RARIPEA FrR A REHFETIH AU HRCKHPARAJESSGYIBr the conductive

material 22 of ap agressiede dormaieat iFaacpasialyesiosnehtieriarMene eleneenirstataesirotia
cross-point memory cell to improve couplin tbetwee_nt e diode and the _mernor element material.
u'?é‘g m

AccordinGKHERE wr {KpirRs et s YW AR MRS A TG HAMFd A SR R ¥ SHE ofel@'s. 24-48
(for instapeatdhtrafrucitsaaharnnan st 3pbmesunaie: soae eslvantrops itsaileerimtbaananalrgode

tructures formed by the embodjment of FIGS. 1-23 (with such pl tructures bejng, shown in FIG. 23).
Fiomevor DB Es Dii SISE BT ec ANy eles A OO R ORI R LFL BT

processingapéii embodiment of FIGS. 1-23 may be simpler than the processing of the embodiments of
FIGS. 24-48. CLAIMS Claim 1: A cross-point memory structure, comprising: a line of first electrode
material extendmﬁ%g%e %&?@ﬁfﬁfﬂ’l?@&?igﬁ? n¥u? 'ﬂdﬂffgmt&%gﬁ’tgﬂ@r of access device

materials over tie [fiiet efecisedadnaletabdee metedaldeviee thaterisladngluslingean alesisicallyagpenductive
metal-containing material and at least two insylative materials, the jnsulative materials heing between the
Aol thig el in i 2

electricalﬁ/XE% SidPRERAISHA 8%%% HRGURAR et dragf 8(9%‘3@96\, W) material

within thelirudtiesidsfdivoiitansriim@lectredmatessedond electrode material over the memory element
material and extending along a second horizontal direction that is orthogonal to the first horizontal
direction of the line of first electrode material. Claim 2: The cross-point memory structure of claim 1

wherein the me@kiiyne 2menthenaterst poiendscovenastupgrarmasit slafiacd ofvihe @ileatiicatheaanguctive
metal-containing material as well as within the container. laim 3: The cross-point memory structure
of claim P BB RGHE nr A BRI Rt < HALIALY 18 Ly
insulativennetdkuatg@nihgfrtteterlet ticalbll canalitbiivehaeahiedméaining material, as well as within the
container. Claim 4: The cross-point memory structure of claim 1 wherein the multi-sided container is
a two-sided container. Claim 5: The cross-point memory structure of claim 1 wherein the multi-sided

container is a foOtamle8: contaneross-p&dimMmeming ctosstnanbmelsiory Stuctnegnotiotaimeamueingrein the
four-sided conta'{ner '%s Wi}hin ur-sided o enin%tlate\;allébo%l ded bg two B//pes f materia{I wherein two
VD e of

f
of the four SIHES o?‘t%&ré%e%%@?eq}é?ér'éﬁ Sittett by e s ipaY dp e IRu Ve Mata e rein
another taredofotheHeue i de allthe anphrstigeans &teradlytamingenhhteanbtres afdtie amontithes thenaterial.

container.

Claim 4: The cross-point memory structure of claim 1 wherein the multi-sided

container is a two-sided container.

Claim 5: The cross-point memory structure of claim 1 wherein the multi-sided

container is a four-sided container.
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Claim 7: The cross-point memory structure of claim 1 wherein the multi-sided container is substantially
cylindrical. Claim 8: The cross-point memory structure of claim 1 wherein: the first electrode material
has a low work function relative to the electrically conductive metal-containing material, the first
electrode material comprises one or more compositions selected from the group consisting of tantalum

silicon nitride, ciyiue anthéaaiakspGRE mentHs elaeicierbY SOBRie e \WRBIBIE eRO MR JiRE
compositions selected from the group consisting of platinum, titanium nitride and tantalum nitride. Claim

9: A crosSPUHERheth oM B TRUTRRSSTRG M En Il Y Laepdad R¥dna), tyPes, b malaiid:

containei@erehe w6 Biah Eriariaidds arassopeyinR) asseriats ANy wHa santeinbigenttenial e at least
two insulative materials, the insulative materials being between the electrically conductive

metal-coRXRfrRf MASHA aABIHEGS!R I BBRHMRT MR FHDRIASE REMSRREANI QRN AMiti-sided

containe@isded by bR Blcsesand alrRctgds vRtes@Rver the memory element material and crossing
the line of first electrode material. Claim 10: The cross-point memory structure of claim 9 wherein the

multi-sided container is a four-sided container. Claim 11: The cross-point memory structure of claim

10 wherein the fojiirpided TerRiaREIHBIRIMma nestysited ipervnalalerallyJpevene eheyrhivitgRrsiof
material, wherein two of the fo%lbzi%is of the opening are laterally bounded by one of the two types of

| BRI sides of the opening are laterally bounded by another of the

material, YU SreRSIARY

two types of material.

Claim 8: The cross-point memory structure of claim 1 wherein:

the first electrode material has a low work function relative to the electrically
conductive metal-containing material,

the first electrode material comprises one or more compositions selected from
the group consisting of tantalum silicon nitride, chromium and tantalum, and

the electrically conductive comprises one or more compositions selected from the

group consisting of platinum, titanium nitride and tantalum nitride.

Claim 9: A cross-point memory structure, comprising:

a line of first electrode material;

a multi-sided container of access device materials over the first electrode
material, the access device materials including an electrically conductive metal-
containing material and at least two insulative materials, the insulative materials being
between the electrically conductive metal-containing material and the first electrode
material;

memory element material within the multi-sided container; and

a line of second electrode material over the memory element material and

crossing the line of first electrode material.

Claim 10: The cross-point memory structure of claim 9 wherein the multi-sided

container is a four-sided container.
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Claim 11: The cross-point memory structure of claim 10 wherein the four-sided
container is within a four-sided opening laterally bounded by two types of material,
wherein two of the four sides of the opening are laterally bounded by one of the two
types of material, and wherein another two of the four sides of the opening are laterally

bounded by another of the two types of material.
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