SEM CONDUCTOR CONSTRUCTI ONS, ELECTRONI C SYSTEMS, AND METHODS OF

FORM NG CROSS- PO NT MEMORY ARRAYS TECHNI CAL FI ELD [ 0001] Sem conduct or
constructions, electronic systens, and nethods of form ng cross-point
menory arrays. BACKGROUND [ 0002] A continui ng goal of integrated
circuit fabrication is to decrease the anount of sem conductor real
estate consuned by integrated circuit devices, and to thereby
increase the | evel of integration. [0003] Menory may utilize a |arge

array of NESEMIZONDUCESR CAGSTRUCTIONS, BLEGTRONIO SYSTERS, ANDMETHODS OF

i ndi vi dual nenory device r ' HL,e}[E pcrease in the
bit density. Common mm?y%@é@s@ﬁasﬁésﬁ\‘ymﬁv@ ra %ﬁ%’ ccess nmenory
(DRAM) devices, static random access nenory (SRAM devices, and
nonvol ati | called flash devices). The nonvol atile

devi ces malzi/3 gngdr%@g:rlég?at ed into NAND or NOR nmenory array
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terns of t&}g5§mtln@§ﬁor§,ga§we size-utilized in fabrication of the
menory device. Specifically, if the snallest feature size is
designated as "F", the nenory device dinmensions nmay be expressed in
uni ts of FEACKGR@HMD onal DRAM nenory frequently conprises dinensions
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[0604] The size of a memory device may be expressed in terms of the smallest feature
size utilized in fabrication of the memory device. Specifically, if the smallest feature size is
designated as “F”, 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 material which undergoes a stable and
detectable change upon exposure to current is provided between the wordline and bitline.
The material may be, for exampie, a perovskite material, a chalcogenide material, an ionic
transport material, a resistive switching material, a polymeric material andfor 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 theoretically be formed to dimensions of 4F2 or less.

[0006] Problems encountered in closely packing cross-point memory may include
disturbance mechanisms (or so-called cross-talk) occurring when data transfer to or from

one memory cell influences a neighboring memory celi.
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[ 0006] Probl ens encountered in closely packing cross-point nmenory may
I ncl ude di sturbance nechanisns (or so-called cross-tal k) occurring
when data transfer to or fromone nenory cell influences a

nei ghboring nmenory cell. 1 [0007]It is desired to devel op inproved
met hods for formng highly-integrated circuitry, and to devel op

I mproved highly-integrated circuit constructions. BRI EF DESCRI PTI ON
OF THE DRAW NGS [0008]Fig. 1 is diagrammatic cross-sectional view of

a portion gbogr]senmnicasteg todevelop Sﬁp’rbkféﬂ:llnﬁ)dlhdoﬁ fEGEBTirpHIgHy-Wdghatét circuitry,
enbodi nment i cal diagram of sone

of the conBenedeeaf et iyt BbRRRtiBrSfkieE” 2 and 3 are a

di agrammatic top view and cross-sectional side view, respectively, of

an array o i accordance with an
ERFELG BsERIFHONBRRIE ﬁl&\!’vﬁv(’ag

enbodi nent Cross-section is along the line 3-3 of Fig.
2. The por tIP#Wl of Figi §is dlagr%m@ﬁmoqswes@)nﬁb\ﬁ@w offa RAEONY BISEBVPONGCITF| gs.
2 and 3; \Abc;ntatrgéi@n Mdcb@i@n&éfwulﬁ & enlbo@%éhﬂ m}; t1hé|§b shotl@ BB AerhARRIRNRA
designated a 1 % ﬁ@% i g chematjc el ectrical diagram of
an array ofi W@Wﬁ#ﬁo P EhER{S Pﬂ“ﬁ@éﬁaﬁéﬁ%ﬁsﬁfpﬁ an enbodi ment .
[ 0011] Fi g. [6009% dramgraamid e acliagsrnseiiiopnak avd envsoéeaiond skik olewplf a
sem Conduclte%ectively, of an array of cross-point memory cells in accordance with an embodiment.
The cross-section of Fig. 3 is along the line 3-3 of Fig. 2. The portion of Fig. 1 is shown to
be part of the portions of Figs. 2 and 3; with the portion of Fig. 1 being within a dashed-line
area designated as “1”.

[0010]  Fig. 4 is a schematic electrical diagram of an array of memary elements in
accordance with an embodiment,

[0011]  Fig. 5 is diagrammatic cross-sectional view of a portion of a semiconductor
construction in accordance with an embodiment.

[0012]  Fig. 6 shows three band-gap diagrams illustrating three different bias conditions
of a diode inh accordance with an embodiment,

[0013]  Fig. 7 is diagrammatic cross-sectional view of a portion of a semiconductor
construction in accordance with an embodiment. Fig. 7 also shows a schematic electrical
diagram of some of the components of the cross-section.

[0014]  Fig. 8 is diagrammatic cross-sectional view of a portion of a semiconductor
construction in accordance with an embodiment. Fig. 8 also shows a schematic electrical
diagram of some of the components of the cross-section.

[0015] Fig. 9 is diagrammatic cross-sectional view of a portion of a semiconductor
construction in accordance with an embodiment.

[0016] | Fig. 10 is diagrammatic cross-sectional view of a portion of a semiconductor
construction in accordance with an embodiment.

[0017] Fig. 11 is a diagrammatic view of a computer embodiment.

[0018] Fig. 12 is a block diagram showing particular features of the motherboard of the
Fig. 9 computer embodiment.

[0019]  Fig. 13 is a high level block diagram of an electronic system embodiment.

[0020] Fig. 14 is a simplified block diagram of an electronic system embodiment.
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construction in accordance with an enbodi nent. [0012]Fig. 6 shows
three band-gap diagrans illustrating three different bias conditions
of a diode in accordance with an enbodinent. [0013]Fig. 7 is

di agrammati c cross-sectional view of a portion of a sem conduct or
construction in accordance with an enbodinent. Fig. 7 also shows a
schematic electrical diagramof sone of the conponents of the
cross-section. [0014]Fig. 8 is diagrammatic cross-sectional view of a
portion of a sem conductor construction in accordance with an

of "the conBsraBER Ty e TRARe AR TSP RN S agr armmt i ¢
Ccross-sect i[mﬂl] Vv irese et erpb@tmen'tsa mros{s-pai.nSBem@r@ pdll;@@formetﬂlﬂipajmriei diqales.n
accor dancepyi fifan, i g”@]&%d to[é?x%glcﬁﬂr&u tal&sbﬁouﬂlf%% AB5REA & the memo

cross-sectional vie tron of a semconductor construction |
accor dancecshi vhileaasaatisydiinge Atd PIsebl Freieqlingl aropsstals REMvRANAHREET EeviPasw
of a conputid disdHRGHAYBRAtain $tAKLE ki Bicledidc filfisawikd 106 KieficRG iR BMaNg-
parti -CU| ar511If'uec'\:’(r’jhtréJ crer?gslne(?a'fredt '(geacigrlle?\!;ehtg:rlotgt(e)d’;1 éigdeogroéertef\eslzfi)rgpart?cufé(r) m%%to%rcells.
enbodi nent*

[0022] It may be advantageous 1o utilize stacked dielectric materials for the diodes
rather than utilizing conventional silicon-based n-p junction diodes. The conventional
silicon-based junction diodes may be limited relative to bandgap, Shockley-Read-Hall
(SRH} generation and recombination rates, active doping concentrations, injection velecity,
carrier lifetime and breakdown strength (or other high field properties such as ionization
rates, etc.).

[0023] The cross-point memeory cells may be arranged in vertical stacks. Stacking of
the memory cells may substantially reduce the real estate consumption attributed to
individual memory cells. For instance, if two 4F* memory cells are stacked such that one is
directly over the other, than the amount of semiconductor real estate consumed by each is
effectively cut in half so that the individual memory cells are essentially only consuming 2F
of semiconductor real estate. The reduction in effective real estate consumption increases
proportionally to the number of vertically-stacked memory cells. Thus, significant strides in
integration may be achieved by vertically stacking at least some of the memory cells of a
mernory cell array.

[0024] The stacked memory cells may be utilized as nonvolatile memory, and may
correspond to single level cells (SLCs) or muitilevel cells (MLCs). Such nonvolatile memory
may be incorporated into NAND memory arrays. In embodiments in which multi-stacked
multilevel cells (MS-MLCs) are formed, the memory may prove to be particularly low-cost,
high-performance and high-density. The stacked cells may be routed through multi-tevel
inlerconnects.

[0025] In some embodiments, the fabrication of memory cells is conducted over a
silicon substrate utilizing low-temperature deposition processes, and with few if any high
temperature dopant activation steps. Avoidance of high-temperature processing may
alleviate thermally-induced damage to integrated circuit devices. Also, many of the

materials showing promise for utilization as memory elements in cross-point memory cells
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[0019]Fig. 13 is a high | evel block diagramof an electronic system
enbodi ment. [0020]Fig. 14 is a sinplified block diagram of an

el ectroni c system enbodi nent. 2 DETAI LED DESCRI PTI ON OF THE

| LLUSTRATED EMBODI MENTS [ 0021] I n sone enbodi nents, cross-point nenory
cells are fornmed to include diodes. The di odes nay be configured to
enable current to pass to or froma portion of the nmenory cell, while
al so alleviating, and possibly preventing, cross-talk between

adj acent d(emhmceT@ezsdimam oayr dharb@iniies haaketméihi dxidds i€ b igh-
filnmns, mnth % dg r|c films being band-structure engineered to
achleve ta|F] "aré propertles for particular nmenory cells.

[0022] It né§025¢ aavmlagmbq@mtems atd daserded with k&felredcteeﬂoé’a‘gsr id4material s
for the di g6®s)r akbehin togh@pl uf igl g H%Q GARY r cShdrluERIN- 1%%%@-&3

junction diodes. The conve tlona |con a junction di odes nay
be i ni t ed eragmapkcaePisahafass 12&5@@@'@9“*R@facdomqm (MSRIGYY YlR d.ali oA

and reconbig@ler 12 bz8é.eAdjacht néMoBQRItE BreGRASRINONPdHeMdthet B} Skivaidn
vel ocity, lifetime and breakdown strength (or other high
JERefig20

field pro such as ionization rates, etc.). [0023] The
cr oss- poi nf0t88jor Baseel2 rsayneomniee aemiamgiadloi matedalf arclidh sehaekbodiSe@ts kiapg

of the rrer%raaﬁr.gg'égﬁs, se?HQlﬁ}dﬁ @Hls}fofrﬂgﬁ&ﬁrsfapﬁegﬁﬁioreﬂé%%& may be

consunptl on ttrl uted to | nenor I st ance,
two 4F2 meftsgdéers %S%lwéorwaf@kwsw@hTfﬁEhf@fm?oﬁ@micgnfwc:m:qubytr%er the
ot her, thagemfendam@s a@nsahct@anarﬁpa&u@brwucfoeajbs@&baﬁq@arcmsc;éﬁamcbah each

is effectlve cut 1n so t hat, i vi dual cells are
besont | o 1S HFGY sehCamilerabaR e Rthadt PR (b
reducti on mategdl$ elm:lhi ase Fegadondgttiae eaico (wiberEidne nr innese@alsdies comprising other

proporti Or]’ﬁ'%tlebi’alé &Hmﬁ(gtlvgfna\/e‘?'éﬁbfe@nee}fﬁe?ta %5%gw"5%g%ylgg%njn§rismg

Thus, signi |ca&f strl es in e ac

verti cal | ytReraeateriap)afhe ’@ﬁEfS'«@étﬁée opfersie amewyma@ Blrectige, I@pluﬁyrmw not
cel | flrra?damlt[eeﬁb?‘ﬂﬂeTMK?naGdﬁﬁQsme}idg@nb&j m}yebe uti : i Ze|d| as SLGs)

nonvol at | r a may,.Corres to sIn evel cells

ool £11 e JETe] Kol bl 2 a0 e AR DS oo fapay SRy e imeros

i ncor por atlaers intsomislANDodiereDtsy Far inalgsce, baseerzbm:lﬁ aveebond o whsraidonductor

mul ti -stacs%sslrawkwr mx§5n§51$ae {dYErsMs %jc)af@cr i iRl E*ed a#gﬁhﬁamag . TRY

prove to be particu OW—COS orma ensi ty
The stac kédfc'& e'rnpgd'rﬁ\ﬁgﬁswéwh M@rédﬂqyrmﬁe@@nw qrie-qré\peer of| mﬁt@ﬁr@@rﬁm@p’ts

[0025] I n sgyeks, ahReiap@dB difusiol fayeaD ns@aibt Byere fetd B MoheChdoBinents, an
conduct ed %germo%t region of the base may comprise an elecirically insulative material so that a
conductive layer of the memory unit 14 is directly against such insulative material.

[0030] [n some embodiments, base 12 may correspond to semiconductor-on-insulator
(S0I).

[0031] A schematic electrical diagram 30 is shown adjacent fragment 10 to illustrate
some of the electrical components of the fragment. The electrical diagram shows that the
memory units 14, 16 and 18 individually comprise a wordline 22, a bitline 24, a diode 26
and a memory element 28,

[0032] The wordlines and bitlines 22 and 24 are shown in semiconductor construction
10 to comprise electrically conductive material. Such electrically conductive material may
comprise any suitable composition or combination of compositions, including one or more

of various metals (for instance, tantalur, platinum, tungsten, aluminum, copper, gold, etc.),
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silicon substrate utilizing | owtenperature deposition processes, and
with fewif any high tenperature dopant activation steps. Avoi dance
of high-tenperature processing nay alleviate thernmally-induced damge
to integrated circuit devices. Also, many of the materials show ng
prom se for utilization as nenory elenments in cross-point nenory
cells (for instance, (Ge2Se2Te5 and ot her chal cogeni des, various
nmetal oxides, etc.) lack high-tenperature stability. [0026] Exanpl e
enbodi ment setl-eordasioy ctregbsitiohd (foréfiedren ceetbimithigs mels diflcides, etc.), and
[0027] Ref erring. t.0o Fi : : Lconduct gr .construction
10 19 11 ogt PRS-t ool bBEERaC oM S it CROUGL A0 SRR,
of cr oss- poiaindivghemprdiings andibitlingsgnanitave ghicknesses labfrdyasbout Adpewagtiers to
MeNory uni §5o@be nsiasissfrom one anot her by passivation material 20.
[ 0028] Base .12 may_conpri se sem conductor material, and in sone
enbodi ment SO0} c SRPPEEETY LBAYIISES BaY BATRIERIRY Bifitablgcoppasiiontor of
monocr yg t ad:drhl:lﬂﬁatigmh lof mosfﬁﬁ%, Bad R aayr d&gmple{j Eipfigle, lcBndi& edsentially of, or
sem conduct or.. strate. e ternms "se onduct.ive substrate, "
" e conduct B S it S el i el AEEEP AL a@ R B3 Fanshorsny
const r uct i oategalapesistivegwieingoonidirls,ipelymedt eriedbls andphasedichgngelmeteriats
limted to,ofuihK $REMEABANSGIH {@%Sﬁduéiiv% rRAERY 85 afy am&%g‘%ﬁ%ﬁ&m
e | t her s), and

waf er (either alone or 1n ass I es conprising o _mater|
seni conducTPTEVRIEPIEs $Syeteent withimane ¢lbeien! dte Gopduptive mpierialg 32 and 24

conpr i si ngofakd@emBBt @iripahents 35Theay be e Whbdt Lstateof REMokyRIAt 28 in a
supporting structure, i n .

cludin but not limted to,_the .
sem conduct TV CEGIEIT §f &S ee'l'éaé'?? Btgge 05@1?\[8@?%8%5]93\\ 8B G Rrdpeiasion.s
shown to bd00#siogEmpemduitive maseriebdth mssletiveumaenial §4 kg eomsllinas 28 dogether
enbodi nent g, GBRKed ASt ance, base 12 may correspond to a sem conduct or
substrate containing one or nore | ayers associated with integrated

circuit fatPq38ht i bhe candugiye MatsBb Frevargprad e BpERY GeaporYi Bspshd
fj _of ]gne_ or tlnsﬁﬁbd@é zqsmhaFm';a @hﬂfa@mm@,cthe {s@mml&e nRaérial 8F mbﬁdl}S@FEﬂ?rred to as

| usi on aver 1. Nsu .0 ayers eLc. . N, s odl n , n,
upper nost ?Oéléﬁ%ﬁé SPQ? Wg? |3I;(8r ' &e{: BRI B8 %ﬂdeeggcg?ggg%‘felngﬁqlﬁg mag%r {2
mat eri al sivatshatrt af henmbuery scoendoagas. Géndubiverreatenay 32imiay cdmpiise ady seitzbley
agai nst s [t VI i : I LOBAL.S e 12
Ty Cor r esgmpaioh 8colnp uﬁfg?bgﬁﬁ'#ﬁ%ﬁi"%&hfﬁgﬁmf SR e o
el ect ri cal *S§PAGHafh FTONSiSih BOOHBPra Ok YRINOHS Egtals{for metanes. itarialyn ratiaum,

some of thengheés tlumiadn, cosHea el stc9fméthieohia Inpodiids@loembahcd metal
di agram sho e

conpri se an'\\ﬁ@?sfj Pri%&\aég'gg?e agt'téir)’%/a}nﬁ%:g@’&%&é& h%q%Sage'ﬁég%%%g\ﬁ?%lﬁk%él ement
28. instance, conductively-doped silicon). The conductive material 32 may have a thickness of
from about 2 nanometers to about 20 nanometers.

[0037] The insulative material 34 may be referred to as diode dielectric material, and
may comprise any suitable composition or combination of compositions. In some
embodiments, the insulative material comprises a stack of electrically insulative layers, with
the individual layers having band gap and/or band-alignment properties tailored for the
particular application of the diode. The layers may have individual thicknesses of from
about 0.7 nanometers to about 5 nanometers; and may 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 hafnium oxide. The oxide and nitrides are

referred to in terms of the principal components, rather than in terms of specific
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[ 0032] The wordlines and bitlines 22 and 24 are shown in sem conductor
construction 10 to conprise electrically conductive material. Such
electrically conductive material may conprise any suitable
conposition or conbination of conpositions, including one or nore of
various netals (for instance, tantalum platinum tungsten, alum num
copper, gold, etc.), 4 netal-containing conpositions (for instance,
nmetal nitrides, netal silicides, etc.), and conducti vel y-doped

sem conductmrchrwteﬁreisalo.sf:c(rcﬂ@@y, itsd:@deost silicaniel vedériadab yis dingrabxiie| WifeH) .

The i ndi vi n nes .may have thi cknesses of from
about 2 na%ﬁ%e”t]aggssestd& 'C% 9'5%’#5’%'8%?8’? [ 0033] The nenory el enents

28 may condPP3 aﬁyanmjmg atmpertleswmb@mtswlﬂwema’ref@mﬁmiatstamne ofaterials 34),
COHDOSItIO ,
o Do s 1aYORE TP b AR b SHBMAS B GEh ShSB R e
mat eri al s, SPYRRE dpsieAPFRetieniiethp &icses.r esi stive switching materials,
pol yneri c neb3g)i altse amdem@s;ﬁowrh@éi@@emé Qbtdithss and[tﬂé).&é&nzﬁa}%lmn&r Mn

I ts 28 d bi t | 4
Rt Ly N R R
materi al s Blﬂlnasndncﬂmearienndnﬁelamamsy conponents 35 may be utilized to
change a Sgﬁbaﬂ)ff H‘?.E@héfwr%rﬁﬁ@%erﬁ&ihé Fbcﬁfgéﬁ!dfoﬁ&gpé?% Cglli’érﬁ’ﬂow %mtn?e

st o

ascertain e Nenory e rea oper at | on,
[ 0035] The EAYOCe proentEin tBe pardlings, blitrﬁ%ﬁﬂcé.?‘l”wtﬂw@rth%.PPP@ﬁ'nﬁﬁtﬂeCt'on Such

\ggr dl i nes gazh é@R!Bading @M diriBstesor? ﬁ\dlv[otQQI?rﬁérﬂ-@? e@ﬁféﬁwgmmmﬁq Q:Fds@Jtalk
is over nents

som. enpodPRRRELadiol Rem R e B ekl s Hither, By Eled bV dhe i yidch o
conduct i vepahsod@omaatenalab béeen heatdireentwoanasy uiits. hd peshévatdrenbtedd @)ay
even t houQE'orHﬁ"s@ rahflls%%%le' c%rr@!)éﬁbn%rcgmgﬁaﬁorﬂ%f s}floﬁep %H&’ Hl%gtfgr example,

Conductive materi a onpri se an Sul t OSI
conbi nat i ofPBINSEFRHSS] QSP@'ﬁléi”y Hner crBSiSt of efe @Xesp pbsﬂlcea ﬁ"ﬁ?"ﬁ@:es"'céfbﬂlé'idét

essenti al | ¥iligh,oxpitri@d s Skgadlc rRitiaP forMiehce] polAhide UsndrBriaak Sabber
i nstance, tant aI n}“tﬁsl atinum tungsten, alum num copper, gold,

etc.), netBIO¥EHE ng conpositions (for instance, metal nitrides,
met al si I i dhekdg, attieaugh tlwrtﬂocteeIadmitown@hyratdcd)meiifeste:m"rremrildwcmomthe memory

material s élg,qlgmgl}l&ﬁ]@%?dm&&mdé{ﬁére n%ﬂ@;eig 3&4&5&&8&& thd i Q%d&sori]%}lﬁil ve

mat eri al I ckness © rom out nanomet er s
20 nanomet @N@rseq? oBPdiney, thesliqdgs mas bagtientedio rpamipayrapbllavefan H@dvqr@ma%

di ode di el Rahd memdBL Rsrhélts, afeb restrict current flow in the opposing direction. Such
configuration may also enable reading to and writing from individual memory elements,
while limiting cross-talk between adjacent memory elements.

[0042] The memory units may be incorporated into an array comprising both verticai
stacking of memory units and horizontal arrangement of the units, as shown in Figs. 2 and
8. .

[0043] Figs. 2 and 3 show the portion of Fig. 1 as part of a larger portion of construction
10. The memory units 14, 16 and 18 are labeled in the cross-section of Fig. 3, and are
shown to be part of an array comprising a plurality of identical columns of memory units.

[0044] The bitlines 24 are shown to extend substantially orthogonally to the wordlines
22. The term “substantially crthogonally” means that the bitlines and wordlines are more
orthogonal to one another than not, which can include, but is not limited to, embodiments in

which the wordlines and bitlines are entirely exactly orthogonal to one another.
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may conprise any suitable conposition or comnbination of conpositions.
In sone enbodi ments, the insulative material conprises a stack of
electrically insulative layers, with the individual |ayers having
band gap and/ or band-alignment properties tailored for the particular
application of the diode. The | ayers may have individual thicknesses
of from about 0.7 nanoneters to about 5 nanoneters; and nmay conpri se,
consi st essentially of, or consist of one or nore conpositions

sel ected fr{ooag]heTpe bmmesramsneshbuwgwﬁe \&lrtld:ﬁily"itﬂﬁﬂ@jéﬂ ath tisd Waraies Gxihde,

silicon ni ndlv%% ilides lnlérgal I%}\%‘f WOIdiRs h&“%%ﬁ?&ﬁgnﬁ?e%g'ﬂfﬂer

nitrides are re erre O PR el ms o e princip
t han in t einteglaging eigbe bitlings arst werdiirieo mere seesificaly comdiiseg lindjvidunkbitizgsde  of

silicon ls.nfe%@érﬁsgrst& mdnﬁéé 5&@%}99&&! ordMAbE teﬁgge%mé%?ﬁmme in ofher

st0|ch|onetry of silicon dioxid Tunne roperti es of
i nsul ati veWAEdh? ¥pyllingsandiniiies siermnatauita opg prother hrowmwdhe ¥&iHod! slacks.

It nj fect i gnt oesgr t H’ﬁ@eﬁbod:ﬂﬂ@nt@ﬂﬂ@él@atn‘d% rna;tlgsﬁﬂatarlﬁ@tezj?asgmw& mStyQ]beTh
ailore r eslr IO |es. |1 n e | 0de e
i ouos. ar o 0FEE " ERRIE a0 PRRIMSS il piet RSeS| n

ot her enboslibstaies12. tThe fikst davelsof maydlibes ragidbd padtealebpy ubiizingl phetoftabgragtie ,
provi ded b@%\@s%m tan ok b} m@gma&g}& emmalmeﬂlawﬁmawgﬁﬂ el ne

shown enbodi ment e rect ermt curren mt he

menory el ed@M8 5“@%@“%’&%?! ¥ ﬁé%"e' Putiodegiglaoriormalenal 8h{wHighgnay fPﬁ a ﬁéCk
opposi ng dbfrmmm@meleau@ ﬁy@r@ﬂs enabd evdrewiirﬁgeaepofamu%é tTH”éagjuéoreleecmc

i ndi vi dual t t

i acent - nERGY MR ERaTPeS 4 RE0Es Beaiofie Fig FRrCHEBee VOORESLY: he
provi si on bén paiksiedatiiiong petdithoglap@io phretywrerartives adinaeesithestnweyte the
units.  ThesfaRsoutAtn FAMGE Bt dfa‘eadeeem hifer AN oﬁlylai a@ésg,to%ﬂymﬁé tion

or conbi nation of “Compos! tions.
consi st es@@ﬁ'ﬂﬁeélaﬂ‘} bigfnes.oln S@@ﬁwd'ﬂﬁnen@e@*fodﬁﬁﬁécw mAtgriabmay ek 6% de,

silicon ni Eé’t\l\:é@}thts Wwbidhiags rakgnthan palRineang b@bﬂ?@i &GodBRioRfd &l thd W@dlines and

t h
R SRR Rt [ T o —
fromthe nlenwraynpm atvpnit lsydralepdegiondhldd)i nes, in ot her enbodi nents the

orientatio d?l%bt Ng rifkk %qa%f g@éﬁn&‘ﬂ*; &ﬁ ﬁfé%od’b‘q‘r‘fﬁ'&%rg’l {'g], ’dlth%[eg‘f[(ﬁcg?gz is

may be oriente permt curren rom -t
nmenory el ethemogﬂ%@u\@r the Q'@é’tdfql‘%%”f’dﬂﬁt?féﬂﬁt Thq eepticglly eradegive lairgal 32 may

di recti on. peSefhedinfid leﬁvﬁbbr@:@u@ﬁm 2 @ébo@fﬁ?ghh@ ia@eli 44 théh SRSyl it o
fromlndIVI%ﬁlt @ﬁlé%'g’l i_nﬁ\qgmﬁllmtln& cross-tal k between
adj acent rRRBTStEE g %ﬂ W6 MO £€7%%ay be i ncor por at ed
i nt o an ar [0t onPfiissieng obmeﬂnoweaietrmmw 28it &rked gvarthenfiestdevwe! efebbductred

oDy I8 GRSy bR e IO bl mdrddon,

portion ofMelgmalesiges thgpvordines and spaces between the wordlines and then patternmg the
memory element material utilizing photolithographic processing and one or more etches to
create the shown configuration in which the memory element material is only at cross-
points of the wordlines and bitlines. In some embodiments, the memory element material
may be left between the wordlines rather than patterned to be only at cross-points of the
wordlines and bitlines.
[0051] A first level of billine material is formed over the first level of memory elements,
The bitline material may be deposited across the wordlines and spaces between the

wordlines, and then patterned utilizing photolithographic processing and one or more
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10. The menory units 14, 16 and 18 are |labeled in the cross-section
of Fig. 3, and are shown to be part of an array conprising a
plurality of identical colums of nenory units. [0044] The bitlines 24
are shown to extend substantially orthogonally to the wordlines 22.
The term "substantially orthogonally" nmeans that the bitlines and
wordl ines are nore orthogonal to one another than not, which can
include, but is not limted to, enbodi nents in which the wordlines
and bitli n@r@h@dte chiatd the kioveXamtidWatdhtin@eiem te bitthe e aletaRedlly orthogonal to
[ 0045] The tllcr”es 24 are shown to be vertically interlaced with the
wor dl i nes, RRYi vi dual bitlines being paired with individual

wor dl i nes i[ﬂD&zﬂue febamqyent fevels.of Whellinesr diodeadisliecitie chaicthg dddetrhaerial,
bitlines a Vi

bi 11 nos | D drhS alPifnaRfs) by 6Rhodus BTREEE e B e sbove

i nt er j acentispigpedspreseshing ¢ iees vertigpligsigekedperaey afrps tagesiisdmeighign i some
bi t1ines abhesdiAbifs Whd %rﬁtraestaa@tnwcohgﬁw hat 3 BRoMAIitS %@|ea§tt1@c Ks.

[ 0046] The enbodi fabricated as fol |l ows.

[ 0047] I ni t P&FPY, “”53 fqrpglpas,tég@]enary W¥Fdl i nes | s formed over a

sen conduct{ors3basthd esrticalipstaciaidenerdy uritsendyi beSterltiesed oaf anstited|or rag
may be pat z ne. or
o etche@ ﬁ%ﬂ%ﬂ]ﬁ’ éﬁ‘o&rle‘r H}%sﬁ%ﬂ%%é&Q@@&Q@Héu%t.ﬁﬁ'eS?&%é%nﬁ&Hm{%a Qe

[ 0048] Subslewgl @ﬁ@ }/@A*IC%sirai:k mRy bediékreptin deroprsitign é’p@dm ﬁl@dm@rralamh@d for

(whi ch maymbRod Lﬁﬁt@ﬁtlﬁar{éfhemél/éllopé @erﬂéa%i@&@ bt ﬁqay sy%sc)amb%oﬁ@sm RViRd
the first | eyel dielectric materi

be
deposi t ed 48 %@@te{lﬂé”“l\/ﬁp(ﬁ?”%@e@ﬂ@ ”5‘5%\?:%@9 ‘P}E?r\A%V@hOfttﬂ%VWab?tPﬂ‘es and
t hen patt efosd] ut The tzarihgurpihmtcﬂ)Figsm)gfcaphﬂsah@ﬂlodmﬂbﬂ@acﬁﬂﬁbvmeh@r nor e
etches to ur, ]
dielectri c&%@%}glaépﬁ}e%ﬁ : ?;%%m egfgoslrg{)th%{%ob qu\(‘)%]'oﬁ % ﬂlieh&oagﬁsqrqa be r%wded
bitlines. baiwesinbe e etemens amm@e@iﬂm@e Hhecliabigatiorcrrreqse ufiliged trafpribe

left betwegpnhbiier M&fﬂguh{@}% rﬁa%tﬂé%rm[talﬂmh&elﬁlﬁ%@@%rﬁ]%%n%ﬂré{tloﬁtof Figs. 2
Cross- pOIntS of the nes.and bitlines. di ode di el ectrlcrm

be deposi oy Wﬁ?‘?phmt EF?%F@emdﬁé%‘?r@bV’d g ‘?ﬂﬂ PSR m?‘SFa'é‘SU'aﬁ?dP'@‘ed
atom c | ayaiter d:emmﬂmtdfﬂm rhéshddy efeh@ﬁt@%tﬁerﬁhdrsrbef:bre\ifcﬂ'hwawdn d&litechemoml | y
conducti ve e hen f.or med
over the di gﬂagﬂgl el’e blgjce"(bofj %emﬁ‘ thgfﬁgﬁta ecogrhieca %“ng%%rr‘\d:lﬂ@ "f’sv'gthe
materi al 3Remay ubis m@y hedveised (fe tlgﬂimﬁrbﬁhraﬂﬁar@uthr@nmwmd@mQ ithei diiges
the materighy @mrrﬁ&%nheaﬁét@één A8 whidiMdsl dhd RSy IdMAI-A B kb nne

patterned m? one or nore etches. [0050]A f| rst level of menory
el enents 2t P%S %@eW@re?rﬁ%‘t?l rst |evel of conductive diode

mat eri al . THOS5ENEiny4 elamﬁma[ormyulﬂmag‘rm Mebyvedelpbs einbduimem BOFys. 2
el ement naén%rd 3,4, %C hg\ﬁg hrﬁerx\é?{r?llnh'@ﬁt% 2@%%% agsi”ibeqw%g ) wor%llmﬁe?g? and

wor dl i nes, and 't ernln e nmenory rra izl ng
phot ol i t hdgﬂ!@ﬁﬂﬁ%am f@d@@'ﬁﬁ\gs @ﬁ@l@ﬁ%cweﬁm eeteeehibe memary elaments hed the
shown confygufati on in which the nenory el enent material is only at

cross-points of the wordlines and bitlines. In sonme enbodi nents, the

menory el e8! neftiery Sowiay SNUMPIR FIOSEREIREBTMEIH 65 it ByStAERY dngrpRadingank n
patterned dfa d&&ie@ﬂiﬁtyhaatbeamﬁmﬁ pmiat surtiferibf &ilMerudbd masfeamd tdFiy 5 acis.

[0051] A f'Jt'?:Eedla%\é?é ln%feistpr'b 'ans qr%ft elrlérglap[:i)rgprfla é’_r’red over the first
| evel of nEnor

[0057} The cross-point memory cell is formed over a semiconductor base 12. The
memory cell comprises a wordline 22, diode dielectric material 34, electrically conductive
diode material 32, a memory element 28 and a hitline 24.



The bitline material nay be deposited across the wordlines and spaces
bet ween the wordlines, and then patterned utilizing photolithographic
processi ng and one or nore etches to create the shown configuration
in which the bitlines are substantially orthogonal to the wordlines.

[ 0052] Subsequent | evels of wordlines, diode dielectric, conductive

di ode material, nmenory elenents and bitlines may be forned using
subsequent iterations of the above-di scussed processing to form

verti cal | y-{s058}k e Theresraiytivardicay ndtrial8s infeﬁd)nh@brghl’ﬁtf% aht bRIPE®R4 together

enbodlnent the ver na t |l east .Nenor.y,

i s, ot st bafnell & Sl fitTBie § 558 orkRBo T It 02

[ 0053] The wek 24 Jahe mempa@hmﬂommtay beantilized teeopabee 4 dlewtqf owmonoelenent 28
anot her, o, arWr}fmg Pééﬂoﬁ B%&B&aﬁ@&&tﬁf’e%ﬂh’é%eﬁﬁ%@%ﬁt 2d g r Qsidﬂwg;t ack

material utilize menory units at one |eve a vertic
may be di fPRFERM i n composition fromthe diode material utilized for

menory ;Jm 0531 t amed Rerdlihexe bick dRie¥ it it ﬂ@@%]eo@fcaﬂ%bnb&hb@@io@@”e
conposi tion_as

Cher ot her PaGin Biodi fultt it sk S Fbabapr R RR eIl 28 rihed nd
Fi gs. 2 andlo@® tiescitihmatiisldidsmpy by iailedd einper detited prapedics hethe divde.t he

menory el eiﬁfb‘oﬁm inrth?mwn &P&)fdh%h%% diél@&ri%&t@ﬁé 3T%Ym E?se%%‘{elcﬂ%fj

between th enments and I nes abrication process

utilized tfbfqe&'fmr%’ﬁéﬁl%tfﬁé'ﬂat%r@iﬁ@gé@ aff!ci ThsSushynairsiais mey ke tailased tgiggive to

utilized tenefadbthet E@thﬁﬂfﬁnﬁ%bs’itah%r Sndinitigs bark @lds, %ndfé}(ﬁ?;ﬂ@%etbaﬁ@ edds,
conducti v iel.ectric

d
o ot e o= BreniHlg 1Rt B ESE I e, e gt e rdfegats

formation mﬁnOMQanemmmygeMeﬂemts In yet other embodinents, the

orientatio at t%@é]%&th?ﬁ]ﬁteﬁglg 5B dd 41388 n’hagl c'bnﬁ d{@zﬂﬁf sgélté'Hqé J’nﬁtﬁ%é! 28

reversed (So I nes are under t nd t
di odes mayM®e fqr&weaeeqqrwé'rse pra QeBdie coreresicts seesdedindn thearenprronsisting

il ement s, h@ramﬁﬁuweﬂdé Bﬂic%ﬁ @Aadengﬁco?rmn@éﬂlgudmrﬁfa&.c@ eﬁﬂ&ﬁﬁnﬁm 6@&1155] ]lfl g.
IS a SC Cul | agram O eve I men Q

t oS, 2 iR £ Bl e A TE Nedh 3P 0P b & s Son Gl G LB Matgnas
bet ween wdpéllG6rems 58%, iraottetxnmbadmesit<2ie dademby cerh@iseshtenwshat hieedditiclest

connect ed palWReHa{h9s TBHRY f%al%ﬁ%%%@%gfgh@ t[}{\g)& ighd Hgﬁcor&g%émo@ fan °

shows an exanpl e cross- poi nt
enmbodi mentthiEe défetﬁ“éé'éleﬂﬁafnaiﬁik}'ﬂsb@ ib Pihey@abodenerty *@ﬁ' dmdﬁiﬂwlca@pwel lgsshe

used in reﬁgfﬂwdgmﬁgkyﬁugkmﬁmaﬁﬂéﬁwgu|I i zed above in descrlblng Flgs

év:r \thge ﬁhggl%lgaet %g)gjé%%gcﬂ agcrgr%ss,gf (Pc(:)clerbe [rﬁrgrq‘aﬁ asce%lclonélltlon glagram
60), a forward biased condition (diagram 62) and a reverse biased condition (diagram 64).
Diagrams 60 and 64 shows that in an unbiased condition, and in a reverse biased
condition, bands from dielectric materials 58, 56 and 54 preclude migration of carriers
between conductive materials 22 and 32. In contrast, diagram 62 shows that tunneling may
occur in a forward biased condition so that carriers (specifically electrons in the shown
embodiment) may tunnel from conductive material 22 to conductive material 32. The flow
of the electrons is diagrammatically illustrated with a dashed arrow 63 in Fig. 6. It is noted
that the diodes are shown in Figs. 1 and 4 are oriented for current flow from conductive
material 32 to conductive material 22. Such is consistent with the diagrams of Fig. 6 which
illustrate electron flow from conductive material 22 to conductive material 32 (in other

words, in an opposite direction to the current flow). In other embodiments, the diodes may

g



menory cell conprises a wordline 22, diode dielectric material 34,
electrically conductive diode material 32, a nenory elenent 28 and a
bitline 24. [ 0058] The conductive diode material 32, nenory el enent
28 and bitline 24 together forma nenory conponent 52. Current within
one or both of the conductive materials 32 and 24 of the nenory
conponent may be utilized to change a state of nenory elenment 28 in a
writing operation, or to ascertain a state of the nenory el enent 28
in a readihgreopeedsd bt thp @RbIEInTHve: imHedbiwasd-Bidseddioadifords dbeabhduetive

material 34_an 3%Ife rically conductive diode material 32 together
forma di onél‘%t%ﬂ%. §5neu t(':"’terr%(ag‘fﬁr'allgé!conducti ve materials 22 and 32, and

di ode di el ¢2d64] c iiipe eipfleatlesgrdhedrimfighed armi @ maekbe cansidareane belbayid-gag
properties di i i
erlghdeh& ||ﬁ'&r%g€ocng{r?g%@ éfrﬂnétés}lglgz%?g%] ﬁ”@&dﬁ‘%re cﬁcﬁt@n dj Blethe

dielectric materi|a onprises a three eren _

di el ect ri clopgrépiagpdiugmeling 6f GaHam 2 ostith RTINS FRIPOBHoNSSUtdiRtpr
rgl ative Ejtﬂe@ﬁﬁﬂ-?&&éd”gﬂ‘lt’)ee&g didves ambﬂntig@ﬁ%rtnwmh {ap22, GRIAT | %b)@cﬂblfbﬁﬂﬁdterial
edges, and/or..val ence band edges, . bet) : rials enable
Cunnel i ng. B Ut FEi% PRRGREA S wietr bIEEe o b dra BeFRT & Tatriohot
i n an oppo3d. mynother eettal exemjl@Q 6drhJdsdiods islredybdiicunmbt evateaia 22 dificdraiiciv

58 may congy rinﬁl%ri%io@réé§tﬁg@midpe fHP%%iié?'s%;haﬂgl‘}lP%}ﬁe fc{ggr{ate‘?ié%ﬁpén%wlatinum for

corrpri se one or osi tlrons sel ect_e_ _rom_t group co S[ st ng
of al uni nunfiesiaide, ASptheissholosxprelansioNpegiionsiis plataim for maigral ¢ Ficeae
and haf ni wiad demalelRGR] Mikitiewaide tdientxrnsy, Qirsinfdeoddt of mbteal 52 ahds
t hree di ffereﬂggrdi electric materials (54, 56 and 58), in other

embodi ment NS JR5HR Sy conprise other than thee different
di el ectri c[0685¢r | Bheshan8pbodtines af Fiy., 6 may isocmsiertedehgpedrsd bére siuddesmay

conpri se noLe gtlplg_.ﬂ, A j | LRt Bl iyn ot her

enbodi nment s tt rr(])e i 6%1%@@99?6@%‘? ?’2@0@%@%&% @n "tt%?e@ ‘gﬂ; g%@ﬁ? W

di e! ectri Cmﬁ‘_ﬁf'@?-i la|cgqfecfrm]aq:ql§a bgnd gRANSAY bR BNFRasred ta@wmemal d! o_de

(23_ in an ggﬁ@tramdgl(s@@m@& mb@:ﬁhtl) (rmtaghm@mnunaoﬁwsy}@é% %’o?ﬁﬁﬂ neRitilc 020
I agram an reverse biased gongditi ra rans

bnd- 21 shdnemengets (S Rerad Bt paeare AR AR cges Btadoed

condi t i on,erligaedsdfstrocturds elag ekploitchuptcanistidsof 68y d-afeaksdorituipeeiolcadier

m gration L i i | . In

R e e i

bi ased CO@@PW"‘@B 'rtmfgec%?r?@%@féhe(@?ié@I'Q-! 'ff&lnpvloﬁt'.@dﬂﬁ?m cellg, thigenay

shO\ém e@%ﬁl@%}imﬁﬁﬁbl : ntdllfl’_él@hifofn,r&@eﬁeuﬂﬁhﬁétqh)ﬁ%dw&@é.! al 22 to el

conducti ve ri . - Tlow qQf . the elecfrons IS dlagra tically

T st r ot olbbEh Gensatind e o dieledhiogratarel Rey plsiineeBfi AU va3

di odes ar evts¢ronay benedpilgisd inlthadidde starcerer desotiked heain. chercenductidbroventiraadh

conductiv ' ' | , ch ds G '

W th the. drancebatledis being BREHELS ey BELSiARrecty martllp) oo RL FAR

conduct i vdr A1§. drerppleye) v g Ihp Wetakerdion nagy taezer(gme@ﬂrbé#aﬂ@mgdae in

an opposi tnmibbokitssi P thelc@ndRBvEMbleBAS af theWhs ahd b&diR of @ RHBE N Sharfidte

di odes mayheigl'rfs along the dielectric thickness may determine the tunneling characteristics of the

structures.

[0067] In a forward biased condition, quantum wells might form between conductive
materials at the tops and bottoms the diodes (with such conductive materials being the
electrodes of the diodes). The quantum wells will have discrete energy levels. The contact
between one electrode and an adjacent dielectric will have a first Fermi level. When energy

is provided the state may be raised 1o a first allowed quantum energy level, which may
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be reversed so that the electron flowin the forward-biased condition
is fromconductive material 32 to conductive material 22. [0064] The
di ode described in Figs. 5 and 6 may be considered to be band-gap
engi neered in that conpositions of materials 22, 32, 54, 56 and 58
are chosen so that the forward-biased tunneling of dlagran162 occurs.
Sone exanpl e conpositions suitable for the band-gap engi neered di odes
are alum num for material 22, alum num oxide for material 58, silicon
di oxi de f ordramdtiesllyahcr&dbe tisd ﬂerBaCU’my‘tbftcEalrldetuﬁ@éllngBTlﬁiﬁ maL/ Iefad to anéh‘ecnve
tungsten f ? we”%éra{tll'fgl oﬁ%% 6‘ r%rhﬁtihe me%ec(?nc rrgve?sr |as co (? en?al
nnlybdenunw? erra SPIT C6 i oxi for rateria |con
nitride fobarrst @h@lan%orrﬂamrmfm avandien fuel lsrmpmmﬂ 5heramttprﬁ@rermi¢w
for materi ghoraBiinyAehRgotigPburte tt%?l@\ﬂﬂjoﬁréﬁelqﬂ{m‘?@éﬁdt 5. dus Pledhbdm

for materi , i con | OXI or nmater nium oxi d f or
material  5enejitge WHCH APRIRAIES PP -1ikihe fielectris Ahiglnass s éRFEPPffaéﬁ'y ﬁﬂﬂr@qi i al

32. [0065] T!mesﬁaandf cﬁﬁerrm&mﬂi fifn cﬁéfedﬁhcgnatenmare@n@ma@dd@ru@én engirceer ed

band st t t b
o e (VA B B P furGfels Per BTory R AT ol ciRding oo
band gap rmgxarbeeMQs agessexich hirlmILgbB mtiuearm&ﬁat theesahaed & siaspitim-as

th |t
oty cel FEEEIE LB WEU B ket PRI oARELA e
cel I s). Thdhpisdligapy %@‘PP\'@%‘F '@dh%WP%RFP%I pb@ﬂﬁﬁ@s 2 Rjgihei temperatures, but a non-

characteri ﬁﬁédﬁ&h&éet&ﬁﬂdnﬁ@%udﬁr&ﬁ}%ﬂ&h Siictir&s 1 n carrl er tranSport in
characteristi edge

the sem co or

i econti oo EPEY°T ol P A S50 S Prta s, R0 By it eBmoRBRDAF T o
menory cel rrsnnailhg gayrelgo ba adihtvely pideperziati o tengferatetee Accadinglaniain film diodes
endur ance (Fﬂ?a(?@ (RN I

dielectri CBME@&%?%&%}?&%@& e &%‘;@ Sgr?%ﬁ%%\f?vev%{} f&vtma?%:ﬁﬁé %eQer%h

expl oi t ed tSREFEVGIrR@E 'é’tcf'l?(‘i'@ures descrl bed herein. The conductl on

band and vgoerge bﬁ@%eﬂ%ﬁ@ell@ﬁf rt@mcb @v@@tsmgcesmmyn e@crﬁﬁghm@me@hubyn

terial ch t I
Total reg) BRorEyoBAndl HLERors T Rear ey ' BN EB ST PO Iar T he
conduct i vemsmee iaglag oaﬁlodéfm'nasotprsprambobobam -batk afnengdmentds provide silicon
barri er hebﬁgﬁoﬁecﬁ#egﬂ%r gélﬁa)q pﬁ(g:;errﬂe% Hai ?hiﬂ@t?&?ﬁ% HﬂSFyQInFLE\Pc&@?smga

tunnellng C racteri st structures
bi ased conBRakiBrRackiagh UFANBRTER. I GIATINIGP Frido &t SiEiA né@h@f@@w'b@ used as is

mat eri al s ated diové mmsamgtm@g 9B whéle agp,ggme(vvl th such conductive

material s ctrod t.he di odes ant wells wll
e BT L P, B <o e s TR o L
adj acent dsdleectic electvicd| Hiagewre7 2aadiacestt thé-porion ?@wellustrMhermcmnﬁrcgmporsams
provi ded t A A
Pevel i CoicalBy chen 78, ThEsirmud HEBlod s Ui o UAB0L UE BP0,
tunnel i ng. cqﬂm@emwor@aa?@@taﬁhn%?% acegryay P@W@ﬂi%aéfﬁ ﬂ‘ﬁ@e ffo@"&ﬂ $egond
barrier i ndbb@?@l ﬂ%eemétrana seddhd@iduY leSRljdebBne BAGthér &1 in bhsk-Bokent i al
barrier is 62 % ormation of any quantumwel | is suppressed.
There is, ?rlﬁ PBIEAIVE 10 QNG BIPBB5bi 1ity for conduction current to flow
from one nH0@#2]t o Thepbrtien 70 eonctuised mseadumeuhotymonwbmemg& (sentaining bitline 24,
appr oaches LA i

T ore pBBE fime PP ILRAEEL itold KRR Bl AR AR 8 hdon i
sandwi ched“ﬁéwpéﬂ@&taﬁ@tl@wor‘ﬂfﬁé{ Ehﬁ'rﬁydéb@ PAMATispE dodpaieiecine Relerials

under a fOBW%nB'Bﬁ%r@QH@Hub@@?B coﬂrﬂ?x@@é dl&% &Q@étﬂ@ﬁw@fehﬁé!a@%z%ﬂ@as such
structures _j d| cate a@o‘? é %ér%% g Shar;?. ur n- op characterlstlc
when t he FBIB ctric ALY Beiin @3 9f IR SPTRISEARK ST BB AATRRIORR gy

| evel . Thedisesséd shavayorbipdooiidetriedhatariatshe presence of phonons at

hi gher tenperatures, but a nonlinear characteristic may result from
such structure. i



[ 0069] Tunnel ing may be a very fast process, and may occur in

fent oseconds. Tunneling may al so be rel atively independent of
tenperature. Accordingly, thin filmdi odes of the type described
herein may be able to be switched very fast, and to neet high
tenperature reliability criteria. [0070] The nenory cells of Figs. 1-5
have a single diode in each nenory unit cell. In other enbodi nents,
multiple diodes may be utilized in a single nenory unit cell. For

i nstance, aopaEd]r of codtindies mamyial®e ipbawbsete divdbs akd boddeadie diodes with one

arrangenent, (%;(Rerpﬁ'ge cﬁrrdu%{ve Aief ML ﬁnmgr%%m ?%tlaHe comﬁ%g%@n Euytpl%ay, for

properties? €3 a Tisth
back-t o- baekamnl@d:emansaacme:rmme metalsr(isf sianegy ope oFingre O?tamitm Ip@ﬁlnum

nunberi ng ‘Mnlgételb eail}h?l htm igbér ald Egld%%y& oh® oﬂr‘ﬁ&‘éﬁh@él%n@nﬂ@ -cothpBsitions

where appropri ate hows a portion m conduct or
const ruct i &8 NgRRFesHERES '%ecqﬁé??&%' P#idé)-ectri cal di agram 72 adj acent

the portionogfst 0 Thé bm&bdumbms el mgd.n m%iecmmp@ﬁ@mausmmmfdeﬁ&@t@ént he
portion 70, Tes ematic ectr

bor ti on_ colGGaans NEPeY piREess: 7§ Bsp B REs g AR by B addiepeygor
first di odelicfdatizalg, mogdaridretivatindickebififes daraldhd mesbryaateinads drigl 8dillstielss ane

adj acent 0B, ANARAGH whRdediBuPaBk0n ARl O BYE BELAM BRI RO 0

anot her . ri se nponent

(cont ai ni nerﬂBP% ﬁnch@erzqr,v SHREPARFSy Séﬂ@?@ﬁmbgswg vlhee eseﬁqd@é%ﬁcv%e ﬁ'ﬁt &25 i
32), and t h®iz6d p.dﬁgcrmqgangi; 15, WRdrag oéﬁh@e menory conponent and the

Tl NS, TBBr! OPg € SRR RES 00 die Salt L0 B en | 2280452

and 94. Di stheotatic elecr:tattaédlagrlam BR,adR2ent @ pdian 192 taiidsi®e eieqtrlaabrrpr i se
any of the, ;58&8@{35%88 %’r@&b‘ﬁ%nﬁ%@v?hé Uhefla gaeghﬂl G‘Eéﬂ’a Shows

mat eri al s. Acon |ve material 98 I s t ween
bri dges t hiha ﬁhéﬂé"s"OV\F‘?rﬁPVtﬁﬁéWQWBFﬂ%@rQ bitfiRes &b MAFRYY ¢amaRls 8¢ |aé.‘P' dl'?&?s 26

conpri se atr[ml)myl t ?orﬁ?ﬁﬂﬂﬁdo’iﬂpﬂébs tﬁa@&ﬁaﬁemé@bommﬁmsaor deﬁﬁ one
or nore neta I nNst ance or nore. of 1 N

Cungat on PR EBRN ST o pe) cARuFYE ARy R 28 At

net al - cont amsswagartzﬁrmamgeem! agizserftiemdrnsdiianThe dingesads @imprisdsdioderdiaietrid
nitride). [OQ7417he @F’%ﬂ&' LHoE ”%.éle&l?.c En'ag;%Pls %Z 1%8%95 b g§ﬁ£h¥orﬁiﬂ%\é’aq{// gdes

provi ded between wor menor ssed abo
t he di odesthrepmpesiienddispessas RROVe e d&dﬁékqmrlo\f@@@'a'spr ovi ded bet ween

t frlrte) 3! thi {lq_ﬁoﬂl]ld Wh@m@ﬁ?ﬁﬁéll@&@ﬂ@ﬁo&mtfﬁb@mrﬁe ird ﬁg,lmfetshﬁs B8y Béve numerous
enpodl nent | n ch verti acC, cells ave

o vt e bt RetesTErrEd i kB J e ER b RE R PRR R S i 1
be used t oleddponingdetiegn netasnd dielettrit iazredduiate teson churraderkligs Adbitignally,
where appr ﬁ@rd'io%{egof tLQQ%ﬁ']oﬁ) Shits gﬂ zﬁgw’ﬁhz@d ﬁodatck WbJCQQunQIEhr% arrangements for

sem conduct or constructi o
SCR-type characteristics. AIso band-gap engineered diodes may be utilized on insulators

to provide a device structure for cross-point memory cells to reduce cell-to-cell
disturbances. In some embodiments, trenched isolation (for instance, shallow trench
isolation) may be omitted from a memory array, and oxide may be deposited on flat
surfaces as passivation to isolate stacked memory cells from one another. Further, mulliple
diodes may be configured to provide appropriate current densities to a contact metal for
programming efficiency. In some embodiments, silicates may be included in a dielectric

stack to increase the density of tunneling states.
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schematic el ectrical diagram 102 adjacent the portion 100 to
illustrate electrical conmponents conprised by the portion 100. The
schematic electrical diagram 102 shows that the portion conprises
wordlines 22, bitlines 24, nmenory el enents 28, and di odes 26.

[ 0076] The portion 100 conprises base 12, menory conponents 101
(containing wordlines 22, nmenory el enents 28, and conductive materi al
32), diodes 26, and passivation 20 between adjacent nenory cells. The
di odes 26 c{oo@s) se&edmemtﬂy delield&mt:xsled al:mteefawablanér@ﬂectr&:% amethd:08.
Dielectric KT onpr

conposi ti ongaao ?éﬂéeﬁs atéga w&g’% t%% erT'E'X eer({:gt%rq%n%rrraaﬁierrfoglptlan%my of the
[ 0077] The rhehenplegeddesnali ls@a@@edewov lefliciefiey ricereasing thg auréase 2re8 ofrthy
have numer gigoRdaniRIes,. @%ﬁ&ﬁééﬁ%rﬁp@&@é@ ddiht nFe%w Mmﬁjeﬁéfm P and

di odes may be able to exploit Ferm -level pinning between rre
dielectric Woﬁ‘ﬁlﬂ’m RV oA IoR- Fﬂﬁﬁ‘%ﬁ%‘?"ﬁb‘?'@?‘mg?l Ehe sEmediueHag Vi beuprd in
di odes of trérerrifg ROFiy. 9Mdd ik StilFBY abeelt bdscrisag Fl@ hack- t0 back tunneli ng

i odes may BORk i ITeatPoBRorTaaraverLay o st Bine Akvpeaeordertpess
for cross-pgéi nhe memorycet ebingrises thearrdlime| diedeodieletttic nina@tlais barsGesd 5Bn
SOe e”bOd'e'iE%ﬂfcﬁlg cbﬁmﬁwﬂ?dér%@hét%ﬂ &ér% efé?&eﬂf‘%anofﬁ?@%é Qﬂh&r{)ﬁé?&h

i sol ation) na roma nenor

deposi t ed @ﬁsqr»ba@ alqyp ilb sefergecpieddy. vat %HOfi%n plggirose @2 of alek%%/ﬂ PHBPFOYayds,
cel I's fromigneoraiey i@%malﬁurrebék%éd infBbdseaben B @pGen émyodnﬁerﬁomfﬁd gHtoRd to

provi de appy ate cur s Lo, a contact net | for .

D oo amm e 11 BHE olaihresBTgt it B e <508 LY TBL Bt Baron of the

i ncl uded i page ﬂjateh@bwttomcelsctt@dk eklendsicioeresy/det dang sdiebi rhgteiddl, andmreg| fong
states. [ QQIRbING 4 nLa)ﬁv&ﬁ\la{élal@uéﬁé’%§ﬁgn%ﬁg¥lg BRYR nifRNAr

el ectrodes. I n other enbodi nents east the 'bottome ectrode may
be non- pl aRaPPhaRBosisAtelasa&iGty of the bottom el ectrode nmay increase

i njection e[foba@ ems(onba/emﬂikﬁ‘d‘rﬁ&&s mwtﬂwu.&ersfn@cy@)eammd% aérr@elaeélfe@m

| ectrod
I Fust rat 1 /8RRl el WAOPRG X GNP AP BOTT 6o BRUEIEdte. The
same nunbeembgdimeht habieg asadinladicddse The sgme ourfbaging Yvilbis: used it reteringdo Fig.

above in d " ] cross-point nenory cell 50 of
Fig. 9is fqgr%%na'i@S 'Pﬂ;d bgve @r%egcgﬁégcl:t?d;r% base 12. The nmenory cell

conpri ses tRB8or J FP ﬁ@sszgomwga@‘y&ﬁw%@tﬁ'a d 0 jpdfpengdaver Haemis@dyeler wge
gl telct ri cgl4l1yh¢?mambny\t@u dorastResBletidrdine ?ﬁ d;@rﬂpéwotrai r?étemls 88 5@@{151_% 58,

| I ne al wer e W rererence 1 g. . e
D 24 eln a5 ARSI R AR S LDy e er RO KR S Selt
partial | y desgbskaboveivth lmgenceZmFrg b hehstiogndielatiod maenibls fofimehrbet t om
el ectrode H!@ﬁ/@oagﬁ R&:%E) @ hilode n‘?é‘r@oﬁﬁ%&lgb@tmeﬁ Be RAdRe R mfﬁ‘?aé&r@%' ments.

The portio ottom el ectrode extends | nto may be
any suit abll808&t el hamen@ﬁw%g‘}lscw%?d withigfsrence preFigh I Hsupwee yiized in

material s arébtrcaﬁc @btbm@ogucﬁl la@XbieButerS] dtk.C Msdid érhistRiiments, the memo oells may

borophosph ass, etc. 008 n _so i ments
AT I B A R T e s
shows an emmhpdneemsdhesﬂmmﬁmmmwet;a%batéd Intmsftaslamen@mrcenbodl ment
havi ng a | e SRR i'ﬂﬁérgp I

referring m}[bbiﬁ F% Wﬂ&t??uﬁnl I zeg o(\(j/)fe c{%ﬁm gilg%al?%? ng qﬁdnﬁbu&ersysfem
[ 0081] The é%@@luw HNORSRBR |y orcthar cgpmghicatiog outpot deyicp.or lﬁmaoawé% ar other

sem conduct&hmbasgion hdut JEVRe B Hoth&bbard qtmr SR srbba® 400 hdlyicasy £2,
di ode dielectric mat eH)BaI S 54 56 and 58, $Ct ricall %aconductl ve

di ode mat ePYGPPraEESSqraRG Pl otRerHHAR m%s'a%mbﬂ’ flgash ang Ramoisierce 408.
descri bed dleowe devich 40&may ecopride@nfingy obmerhibg cdiispdied slicklagray mig be
materials formthree separate parallel diode interconnects between
the wordline and the material 32. 3



[ 0082] The nmenory cells discussed with reference to Figs. 1-10 may be
utilized in electronic systens, such as conputers, etc.. In sone
enbodi nents, the nenory cells may be utilized as non-volatile nenory
cells and incorporated into flash nenory. In sone enbodi nents, the
flash nenory may be fabricated into flash nenory cards. [0083]Fig.

11 illustrates an enbodi nent of a conputer system 400. Conputer
system 400 i ncludes a nonitor 401 or other conmunication output
devi ce, eupniatith AQ&seihg OkduRry (GBRNIngatdividual MPrbrydeNd it the anRg. a

not her boar 04 Mot her bo rd 404 oce

Cohor ! auns Pt nd BB aftal Bidy B Yo ffld f a3edll GEAPIof B RG bg J8mhe
Menory dev n@m%ﬂ&llsraijhecmqwssme apdh rerdrciguiinf maselvmmthexbfpr sonveyiit isfgghation
array may Bg,ld, m%%[%}c?eqlc\é‘@ﬁaﬁdjﬂ‘b@@s%bﬂﬂ)ﬁc'Sﬁ@ﬁjfstﬂﬁ&rgt&ﬁ .né}ﬁméﬁdﬂ&;ram of

i ndi vi dual nenor s 1n e arra e nmenor array
may be couﬁleéEP“E'?ib%af?é%S'&W”dﬂlﬂg F%rfnrsé@lub% W@nflh%ﬁ@c{rﬁ%wﬁ@ﬁww is
cel I's. Thejaseess 110 «a0thd @adcitdultieud 1|Lﬁgtraf€a>éshez utilized for

Sacn 1 s 1 1RE St BEERRRER AT SR RPanOfo £ HEoRBPHBPBORAde 465 8ifgun
in Fig. 12mehonsuidiecblitctke moagjeamy cbrtnen@Myeémemprrmry gtuicturgs discussed
illustrat egmﬁ%fé%g)cqugg%hpmead circuitry is illustrated as 412.

[ 0084] Processor devi ce 06 mag correspond to a processor nodul e, and
associ at ed [ReFabr y Memory gaviseio Watvwerrwemi@wwewmq@eawamwme

menory st rwéfmaasmsmagtwaadrewtshugs@a Qe RESeh R tEF@;§ 1-10,10. [ 0085]

Menory devi s ond to ri se
Sy ot ¢ e a0 R Yo GRS Sl B B e & sie ™ ot SR R,
[0086] Fi g. elé@rdnid aystemat08s Sgstemmiol infayedrridpood tog fon grampl@fa cripughsistenela
or gan! zal | Rebls B SAAL a6y SYS! SRlelat NIRRT UG SLdBERANT
to, for ex , uter s%sema rocess cont ror system or an
ot her syst WWatE[%WBP'WKSt%{nﬁ @ bassigartiopnl ¢leaesise ina'ding mprasessor 702, a

El ectroni Ccé‘ﬁ(@hﬁm?bﬁoa m@&ofytu&t:b Qﬂﬁ’roeaérﬁi%ﬂﬁ@ﬂoutﬂ@ md) dica 708 QGE oY
evice u ut / out put

702, a contr nijn

(V70 dov bttt Syl Roy Fisrctiuaty Phibosbs Sy S dning 4Hdh. o
plurality dévigerndessword/O dastes ol vaiinud smbarnety). Geueraly, aleiteicsysieor 700
|/ O device I 0
w | “have. T0hByY ERRSeETIALARR Bl o SBAEG Bratins BABSRIGRE BTG
per f or med @fﬁC‘%ﬁéPWQ?yﬂnﬂW@“%W@@@@? betgoersiia PIEerser 7@1& Hiedeanasy gevinet uien

the processey anfRe i/ORIBVIEENEY. YTHéQ:\vShtG& ubiY 4 R RIirS atufb@erlamsdﬂwece 708.

The control uni t 4 coor di nat es rations ocessor 702,
The omor P aEEb oS a0 BhaSES Bh iy EruBLeR Soke! o
t hrough a #edugbh separoatiabors thitabusednsriciions i be tekabad from tiEembrbighiedce
fromthe 3 I

ol utio: ang gt AEAEE TSRty BEAET Glinay AR ey SR T
Figs. 1- 10d'S“fl@@@7‘}"Ffl fgfefqrmeﬂ%ﬁas Srtpl i fied bl ock d| agram of an

el ectroni ¢ (50874 em:§0@4 is Bhm@ied Q%M&brh@%‘f hk‘ﬂ@léctﬁm%’iﬁém sdjevrrﬁ@sﬁ%

that h

acoess cir Qﬂe"ﬁéiﬁ%@gﬂefeafw&éwccﬁ@g@%ﬁ ARG TR s P ke drgor
ci rcui try 8d8 rdvwosiccessdircoitry BDG) colpemaictans SjrcudtnoB lionatiioitd qatroleiredivy 812y
814. The pPJrXroﬂﬁ%bﬁeqat%qg a[n'drr'gﬁ%{)utg&% 9,0%5 n%'n’fo%éie{‘v[?% eﬁé%h&“d
sensors 82 S curren erm ni N

cel | is ininglugiesypomsr @W@W@@W@@BM@B& amc@ a@rcurrentaemﬁogﬂnfot mt@ng

nonconduct j,Ran&tBhemory e islid HWtﬁFe@ﬁ’ol@%ctﬁ}brs% by a&ﬂg@:—thﬂé%d@ﬁ&w
power supply circuitry 880, circuitr faor providi a reference

vol tage, cf H‘ftf‘ﬂﬁtaé%4ﬂ1ed'|‘”5}5?‘69 PB‘i"‘?fd’*&“'W ?@t'nWa IPPHE" %PP’M circuitry 880,

circuitry 882 for providing a reference voltage, circuitry 884 for providing a first wordline with
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pul ses, circuitry 886 for providing a second wordline with pul ses,
and circuitry 888 for providing a bitline with pul ses. The system 800
al so includes a processor 822, or nmenory controller for nenory
accessing. [0088] The nenory device 802 receives control signals from
t he processor 822 over wiring or netallization Iines. The menory
device 802 is used to store data which is accessed via I/Olines. At
| east one of the processor 822 or nenory device 802 may include any
E)f th]e Lrenﬁnlyesshrrmmass‘onchr&ﬂwmedewhﬂ Wofoﬁiﬁ@WﬂE@ﬁsdspargj dyBuitnl 8d8ior
0089] The varipus el.ectronic s ricated in
si ngl e- pacEE’g‘;"e "Bt b' L iy PR ?sﬁ%% ngﬁo g QC'EdeS?%“’%eS%Or Shadldrgpery
chi p, in ordurollerdormeney acerssiopnmuni cati on tine betmeen t he processor

and the menppyg dewhs%(e?a rya&&%%ih@ce%gecs t.%mlgna‘r‘svﬁn@ﬁ% Cp[ﬁ%s&?s%&%r' n

nmenory nodu es, devi ce rrvers, power ul es, conmmuni I on nodens
processor WiHgIoEgelalFatiadHRs-cHig 'Bﬂn@rpséewq 802/p HeACHS Stosmeptwich ifc| ude

mul ti } aye[) acdBdbdd G/ uﬁwuitgﬁast or{eQﬁ%]pra_d%‘S(ﬁ'BQQbf mamsry&wt:@e@z mayl/l be
an (0] a o ran S SUc C VI S S, Ce

o ot o rhflaRRL g et SRR il M fepdaio st 1oLy o br,
aircraft, dpes9] CTAbMBiduaelectraniosystems may belfabrikatedrin siogleipetkape processing
const ruct | AR BRh$h %gs;r?gle % léo%eh(ftéllcﬂ%oln%frdm{ﬂceqﬂé EémrﬂMr‘ﬁEat@n time

seni conductor ' Substrate: vi du units eac npri s
menory el eRgleen H’E\/RB‘?Q?Pi;Qﬁé"dH‘GHPEEFPQW@EW)at | east one d| ode; and

adj acent nqomoj unhéslebwms@meﬁhﬁﬂeq&b@nﬁnaﬁ@@Wdum click amaks, @Bﬁer
paSS|vat|o const

the wordl i Hggalg?. éOWWnEFtéWaFPOWShPrﬁC?SﬁSF mocfulljes ancJ1 apcha%on spec]hc module

and may include multilayer, multichip moduies.
[0091] The electronic systems may he any of a broad range of systems, such as
clocks, televisions, cell phones, personal computers, automobhiles, indusirial control

systems, aircraft, etc.
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menory units. 3. The construction of claim1l wherein the
wordl i nes are non-planar and at | east partially recessed within an

insul ative material . 4. The construction of claim1l wherein
the wordlines are planar within the nmenory units. 5. The
construction of claim1l wherein the diodes of the individual nenory
units are between the bitlines and the nenory el enents. 6.

The construction of claim5 wherein the bitlines conprise one or nore
of tantal um pI@ltAIMSm tungst en, alum num copper, gold and

conducti vel y- doped 51} r? 7. The construction of claim®6
wherein the di odes con5| st” of conpositions selected fromthe group
consi sting of aI um num oxi de, silicon oxide, silicon nitride,

zi rconi um oxi del- and® $RIFERNGHFBHGoFRITUCtion comprisigy aFRICE Girsk pLIET M Ubits

claim1 V\h@feela%eﬁ‘umn@hcﬂﬂgﬁbéﬂﬁlet h@wi‘dﬂeﬂ'n\'énﬂ#@hmﬁ% yonhmtng adhdndipt veen
the wordli construction of

Cl'ai m 6 whBPEPR € HOIT a1 A T e sipgecancABIago B ey U GipEnD
pl ati num s$paegdfren onakbowmthenbmat eegpee pagpdladoramdtedainduct i vel y- doped
silicon.

2. The construction of claim 1 wherein the wordlines are non-planar within the

memory uhits,

3. The construction of claim 1 wherein the wordlines are non-planar and at

least partially recessed within an insulative material.

4. The construction of claim 1 wherein the wordlines are planar within the

memory units.

5. The construction of claim 1 wherein the diodes of the individual memory

units are between the bitlines and the memory elements.

6. The construction of claim 5 wherein the bitlines comprise one or more of

tantalum, platinum, tungsten, aluminum, copper, gold and conductively-doped silicon.

7. The construction of claim 6 wherein the diodes consist of compositions
selected from the group consisting of aluminum oxide, silicon oxide, silicon nitride,

zirconium oxide, and hafnium oxide.
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10. The construction of claim9 wherein the diodes contain dielectric
material; and wherein the dielectric material of the di odes consists
of two or nore conpositions selected fromthe group consisting of

al um num oxi de, silicon oxide, silicon nitride, zirconium oxide, and

haf ni um oxi de. 11. The construction of claim 1l wherein each
menory unit conprises only one diode. 12. The construction of
claim1l wherein at | east one of the nmenory units conprises a
plurality of parallel diodes. 13. The construction of claim1

wherein at | east one of the nenory units conprises a pair of diodes
in back-to- back rel ah’leo&ng\f'n.fchorp&%la‘?rﬂqtu{ﬁ%ée;n the diodes a'f4fhe l-rl;gi@ldgal mermo
construction of cI aiml at least one o odes conprises a "East” t wo
di fferent dNiE FePeiweehiteardrdings and the memory gemaie constructi on of
claim1l at | east one of diodes conprises at |east three different
dielectric materials. 16. The construction of claim1l wherein
the di odes conprise dielectric material adjacent a wordline or
bitline, and cogpri LidV r i ctri
material; and wﬁgr elsﬁnet QQE{%H‘& u@tcﬁﬁﬁ%%‘?ee#%%@b J.aﬁipg%%%'%l C.Es_mlmqe of
directly atpaign RIFBURehBISiere RRIFENRIS copper, gold angzondugtivelyotesed aiitdnon of
claim1 wherein the nenory el enents conprise one or nore of
perovskite material, phase change material, chal cogeni de material,

i oni c transport t i St WItC i

mat eri al . 167 efh%ogsetﬁﬁl%g%nﬁﬁ}é ?“@8 eé'}tﬂgg{rg i CO”E%@&%F%@X eﬂa'
vertical statwhergindog dilesids metedal ohtheaiides nohsistsosf tewibrsheratcempositions

a vertical sgbackn&h uhd grLUMSIgmrofsmﬁ.mﬁa&@glﬁc totl@e@nrchhﬂbl e/ os

extendi ng substantially orthogonally to | nes
bei ng i nt efIeERE %'Q%a?%'éafw&ﬁ'ﬂﬁes i ndi vidual bitlines being paired
with individual wordlines in nmenory units; a plurality

of nenory el enents, each nenory unit conprising one of the nmenory
el enments; and

11. The construction of claim 1 wherein each memory unit comprises only one
diode.

12. The construction of claim 1 wherein at least one of the memory units
comprises a plurality of parallel diodes.

13. The construction of claim 1 wherein at least one of the memory units
comprises a pair of diodes in back-to-back relation with one another,

14, The construction of claim 1 at least one of diodes comprises at least two

different dielectric materials.
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a plurality of diodes, each nmenmory unit conprising at |east one of

t he di odes. 19. The construction of claim 18 wherein each
menory unit conprises only one diode. 20. The construction of
claim 18 wherein at | east one of the nmenory units conprises a pair of
di odes in back-to-back relation with one another. 21. The
construction of claim 18 wherein the individual diodes each conprise
at least three different dielectric materi als. 22. The

constructi on ofisc| aiTime t8nsnvuetiopioh clhime! aHeamt pnebieineies soropises Bleasdiecamr
nore of pegpvskdfedmt Shbals Phase change material, chal cogenide

material, itonic transport naterial, resistive smntchlng materi al and
polynerlc mat eri al . 23. A senlconductor constructi on,
conpri si ng: a first cross-point nmenory unit cell over a

sem conductor substrate, the first cross-point nmenory unit cel
conprising an oner | a’pebemsiweetrmnaaf tlainst wheridlthendiodastompfisa didlediid matesal

and conpr i E?CIJ Cemaa wbrrdﬁrge (9" n%md:rlse COI"ICI%J%UVG ]mat& a?%jz%éqt tﬁE B%%ﬂﬁg Imr;'; y

menory uni ver |caI 0SS-p

unit cel | , matheal sansovigrein 6@5101@@40?\%6 metatalpt the |dtode%bldrr@@mgalg$tri@e Agmory
overl ap bejwpesisa second wordline and a second bitline, and
conprising a second di ode. 24. The construction of claim23
wherein the first and second wordlines extend substantially parall el
to one another, and wherein the first and second bitlines extend
substantially orthogonally to the first and second wordlines.

25. The constructi orgYh@fioreﬁtraﬁwn 28clgifet wheteiniee Memary elagradts qpapiige one or

directly ofo@hy sér@@gkhé %kelnm pﬁb%ulcaéﬂ%\éanmaﬁfrchabagemde mater@f iontNRinsport
constructi on of wherein at | east one of the first and second

di odes codBW?@%§B§ﬁ§Fé%wcmﬁgT@B”ﬂ@??@@@ﬁ?mﬁngﬁﬁtr|c mat eri al s.

18. A semicanductor construction, comprising:

a verlical stack of wordlines over a semiconductor substrate;

a vertical stack of bitlines over the subsirate, the bitlines extending
substantially orthegonally to the wordlines; the bitlines being intetlaced with the wordlines;
individual hillines being paired with individual wordlines in memory units;

a plurality of memory elements, each memory unit comprising one of the
memory elements; and

a plurality of diodes, each memory unif comprising at feast one of the diodes.

19. The construction of claim 18 wherein each memory unit comprises only one
diode.

20. The construction of claim 18 wherein at least one of the memory units

comprises a pair of dicdes in back-to-back relation with one another.
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27. The construction of claim 23 wherein at | east one of the first
and second di odes conprises a stack of at |least three different
dielectric materials. 28. The construction of claim23
wherein the first and second di odes conprise stacks of dielectric
materials, and wherein the stack of dielectric materials conprised by
the first diode is the same in conposition as the stack of dielectric
mat eri als conprised by the second di ode. 29. An electronic
system conpri 9109 Tae poratast®arof claift 8 wherein the individuafdibtesDgagh asmgiseian

dat a COmF o&ﬁerehﬁd]é,ecqmpm&g%ssor the menory array conprising: a
verti cal ACK' O a vertical stack of

bitlines, the bitlines extending substantially orthogonally to the
wordlines; at |east one of the bitlines being interjacent a pair of
the wordlines, and at |east one of the wordlines being interjacent a
pair of the bI tdai nesrhe bovditructidt ak clbll'rﬂa meubeiengemy éi‘édwevustcbmpnse one or

i ndi vi dual r t enent.s,
each mam)rr{)orﬁ gPerg ? mgﬁ Igp r%h n>ge é"naegrlav Cﬁllléor%mde rrrn?er:a[ Yqzn )? tglpsport
di odes, eavtienavesistivarsivitchingrpatesdl agd pelyherggtateried dlode 30.

The electronic system of claim29 wherein each nenory unit conprises

only
23. A semiconductor construction, comprising:

a first cross-point memory unit cell over a semiconductor substrate, the first
cross-peoint memaory unit cell comprising an overlap hetween a first wordline and a first
bitline, and comprising a first dicde; and

a second cross-point memory unit cell vertically stacked over the first cross-
point memory unit cell, the second cross-point memory unit cell comprising an overlap

between a second wordline and a second bitline, and comprising a second diode.

24. The construction of claim 23 wherein the first and second wordlines extend
substantially parallel to one another, and wherein the first and second bitlines extend

substantially orthogonally to the first and second wordlines.

25. The construction of claim 23 wherein the first wordline is directly on an

electrically insulative material.

26. The construction of claim 23 wherein at least one of the first and second

diodes comprises a stack of two different dielectric materials.
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one di ode. 31. The electronic systemof claim29 wherein at
| east one of the menory units conprises a pair of diodes in

back-to-back relation with one anot her. 32. The electronic
system of claim 29 wherein individual diodes each conprise at |east
three different dielectric materi al s. 33. The electronic

system of claim29 wherein the nenory el enents conprise one or nore
of perovskite material, phase change material, chal cogenide nateri al
ionic trans por t27mat ghe abnstiueinsf tlaien 23witesin apleasibes bithe distarpideyorel i C

material. es'%oFﬁﬁFa&%%fsﬁécgto?% %t@?é;%érgm%l&hlcrmﬁgﬁaﬁ array,

conpri si ng: I'i'nes over sem conduct or
substrate; formng a first level of diode dielectric stacks over the
first level of wordlines; formng a first |level of nmenory el enents
over the first level of diode dielectric stacks; formng a first

| evel of bitlirmss ovee codstruétionst clhieved wiedreimergirst aet estent siodénsampige a

second | eve+ck8 @glr % !: ﬁS?elngl\é ee(ndtvnl erlﬁ {P%tstacﬁxpci ?_Igcttn(prlngtle dQ? éoﬁrggﬁy{%e

second | evi ectric

wor dl i nes:first diode is the same irf mrrmoﬁlgoraa@@@ etadk dledjeddctrisf materias sonedrieadby e
over the sgegnfhib@yel of diode dielectric stacks; and formng a
second |l evel of bitlines over the second | evel of nenory el enents.
35. The nethod of claim 34 wherein at |east one of the first and
second di ode dielectric stacks conprises two different dielectric
mat eri al s. 29.  An electronic system, comprising:

a processor; and
a memory array in data communication with the processor, the memory
array comprising:

a vertical stack of wordlines;

a vertical stack of bitlines, the bitlines extending substantially orthogonally to
the wordlines; at least one of the bitlines being interjacent a pair of the wordlines, and at
least one of the wordlines being interjacent a pair of the bitlines; individual bitlines being
paired with individual wordlines in memory units;

a plurality of memory elements, each memory unit comprising a memory
element; and

a plurality of diodes, each memory unit comprising at least one diode.

30. The electronic system of claim 29 wherein each memory unit comprises only
one diode.

31. The electronic system of claim 29 wherein at feast one of the memory units

comprises a pair of diodes in back-to-back relation with one another.
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36. The nethod of claim 34 wherein at | east one of the first and
second di ode dielectric stacks conprises at |east three different

dielectric materi al s. 37. The nmethod of claim 34 wherein at
| east one of the first and second di ode dielectric stacks consi sts of
three different dielectric materi al s. 38. The nethod of claim

34 wherein the first and second di ode dielectric stacks are the sane
in conposition as one another. 39. A nethod of formng a cross-point
mmwgww,mmmmMWWmmMﬁmwwm§%WMmeﬁmmmm
sem conduct,qr tr X rm.n first level of nenory elenents
over the f%’tﬁes%S?tﬁlg%/ee#'@%gmv%?eﬁmcr@aé%' “or i ng a first |evel of diode
dielectric stacks over the first level of nenory elenents; formng a
first level of bitlines over the first |level of diode dielectric
stacks; formng a second | evel of wordlines over the first |evel of
Ibitl : nefs; fo;I lmemag ame@mdodi@%eieno?fclmﬁa_ BWhGﬂe&ﬂB@g@r@wem?ﬁsdéw i 1ad
evel of wordli ; . . ormng a _sec evel, 0 i,ode
di el ectri o i SIS BLRSToeile TaEal PheeR a5t Pialilah o ol Datetyloric
form ng a sacpatimaterel resistivs switchieg metegal and golymednbatledslel of di ode
di el ectric stacks.

34. A method of forming a cross-point memory array , comprising:
forming a first level of wordlines over a semiconductor substrate;
forming a first level of diode dielectric stacks over the first level of wordlines;
forming a first level of memory elements over the first level of diode dielectric

stacks;
forming a first level of bitlines over the first level of memory elements;
forming a second level of wordlines over the first level of bitlines;
forming a second level of diode dielectric stacks over the second level of
wordlines;

forming a second level of mermory elements over the second level of diode
dielectric stacks; and

forming a second level of bitlines over the second level of memory elements.

35, The method of claim 34 wherein at least one of the first and second diode
dielectric stacks comprises two different dielectric materials.

386. The method of claim 34 wherein at least one of the first and second diode

dielectric stacks comprises at least three different dielectric materials.
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40. The nethod of claim 39 wherein at | east one of the first and
second di ode dielectric stacks conprises two different dielectric

mat eri al s. 41. The method of claim39 wherein at | east one of
the first and second di ode dielectric stacks conprises at |east three
different dielectric naterials. 42.The nmethod of claim39 wherein at
| east one of the first and second di ode dielectric stacks consists of
three different dielectric materi al s.

37. The method of claim 34 wherein at feast one of the first and second diode

dielectric stacks consists of three different dislectric materials.

38. The method of claim 34 wherein the first and second diode dieleclric stacks

are the same in composition as one another.

39. A method of forming a cross-point memory array , comprising:
forming a first level of wordlines over a semiconductor substrate;
forming a first level of memoty elements over the first tevel of wordlines;

forming a first level of diode dielectric stacks over the first level of memory

elements;
forming a first level of bitlines over the first level of diode dielectric stacks;
forming a second level of wordlines over the first level of bitlines;
forming a second level of memory elements over the second level of
wordiines;

forming a second level of diode dielectric stacks over the second level of
memory elements; and
forming a second level of bitlines over the second level of diode dielectric

stacks.

40. The method of claim 39 wherein at least one of the first and second diode

dielectric stacks comprises two different dielectric materials.

41. The method of claim 38 wherein at least one of the first and secend dicde

dielectric stacks comprises at least three different dielectric materials.
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42, The method of claim 39 wherein at least one of the first and second diode
dielectric stacks consists of three different digiectric materials.
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