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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 6F2, and SRAM may require even more semiconductor real
estate.

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 example, a perovskite
material, a chalcogenide material, an ionic transport material, a

resistive switching material, a polymeric material and/or a phase



10

15

20

25

30

material, a chal cogenide material, an ionic transport
material, a resistive switching material, a polyneric

woredoenizsB4 and/ or a phasechange material . Si nceP@TES2009/042236

menory cell may be confined to a region of overlap of

a bitline and wordline, the nmenory cell may

theoretically be forned to di nensions of 4F2 or |ess.
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schematic electrical diagram of some of the components of the cross-
section.

Fig. 5 is a schematic electrical diagram of an array of memory
elements in accordance with an embodiment.

Fig. 6 is a chart depicting a voltage probability distribution
function in accordance with an embodiment.

Fig. 7A is a chart depicting a voltage-current relationship in
accordance with an embodiment.

Fig. 7B is a chart depicting current probability distribution
functions in accordance with an embodiment.

Fig. 7C is a chart depicting a current probability distribution
function in accordance with an embodiment.

Fig. 8A is a chart depicting a voltage-current relationship in

accordance with an embodiment.
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functions in accordance with an enbodinent. Fig. 8Cis
a chart depicting a current probability distribution
function in accordance with an enbodinent. Fig. 9 is a
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section.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

In some embodiments, cross-point memory cells are formed to
include diodes. The diodes may be configured to enable current to
pass to or from a portion of the memory cell, while also alleviating,
and possibly preventing, cross-talk between adjacent devices. The
diodes may contain stacked thin dielectric films, with the dielectric
films being band-structure engineered to achieve tailored diode
properties for particular memory cells.



limted relative to bandgap, Shockl ey-Read-Hall (SRH)
generation and reconbi nation rates, active doping

W@ rvea#a8sat i ons, injection velocity, carrier |PEBUBINI/042236

10

15

20

25

30

and breakdown strength (or other high field properties
such as ionization rates, etc.). The cross-point

menory cells may be arranged in vertical stacks.

St ackilngagf b¢ lael vaetay goce kd sitiiag Sabkedalié¢lakctyc nedeacials for

B8 iG8e s RLR B TR RO R i ded-b RS e B3unction
aiuedséﬁdmcsuoén?baal @uneohsioedslsroe;uric,yuo<mv@|rodrelsa'nalyftmr

e a unt o sem nd CtO consung
W Red e AN g hoRD SROCKE v EeRadtali st GORHTTch ana
iradowisiHatio reERS Y, e&ﬂl\)esd@pﬁ?\geé@%émt@éﬂldnémﬂn}’ecﬁftﬂw&ldwty
2F2 of sem conductor real estate. The reduction in

TaTEef il¥@liPeaRNEshraakdous §HBNOEN (Pheteddugh field properties

RRRRLS iORBhtivntAtédiecfawyrber of vertically-stacked
menory cells. Thus, significant strides in integration

may bd @cﬁﬁ@ﬁelmw m@mtowmlellly Raxdid Ay aageddasterdicat
QaftaEE§d'§gER%§; ﬁ% Fhfen% é’lrr‘r‘é? %u@étraﬂlall rP%duce the
S may e uti i

menor as nonvol at1
neabeytatarmbnmynpﬂon@ébﬁntdeﬂdoéhdglléualemelm@rm ¢eslls For

t | ] I
R, M 4 B s icsds! e St Sl [Sairecty
|loverntbeddthment Bwfemthmamhumldfl serhiokeld chad tadl eashtecel | s
MB- MLCs r orned, t.he nenor ro to bhe.
Rstra , Sa e e iy E o st 3 fpg Sndi¥iaual
hhhrdi?nfdlltsyareTB@sérttaa:llgﬁdn@e&é@smmdogF?wts%dn‘rcbmu@fbr
mul ti-[evel_interconnects. In sone enbodi nents, the

1581 eEAlonT ¢ 'REHBION dRlefleGliyecsrl gsiale eRsugption

Shbié‘é%ssﬂ%ﬁidrﬂbﬁaw ith 'tﬁéﬂﬁjﬂﬁ@@’f b?%ﬁ"@élW Bt LKRASIEYy
processes, and few if any high tenperature dopant

aalisyal hup, %ug@pfscamvairlasﬁdé ipfearRgRNt mAYdIaaahieved by
W&ﬁ‘é‘éﬁ¥ %ga{@%{gﬁellttlééhf’%&mteh@w Wenrgﬁg}‘ggl‘ij% %"fe‘%%rﬁ&ry cell

integrate evi ces
reeray.i al s show ng prom se for utilization as nmenory

oy U L R e R
axedesy, ahd.mal ackrdsind torpar@e leeelséalls ($EQs) or multilevel
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-level interconnects.

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 (for instance, Ge>Se,Tes and
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conprises a base 12 and a di ode 26 over base 12 . Base
12 may conprise sem conductor material, and in sone
enbodi nents may conprise, consist essentially of, or
cmhe'rshahfogmridesy\sarabm; meetsil loxodes, €the lbakdighytebyperature
si mlfed to as a sem conductor substrate. The terns
L8R Wnduct i ve substrate,” "sem conduct or
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Although base 12 is shown to be homogenous, it may comprise
numerous layers in some embodiments. For instance, base 12 may
correspond to a semiconductor substrate containing one or more
layers associated with integrated circuit fabrication. In such
embodiments, such layers may correspond to one or more of metal
interconnect layers, barrier layers, diffusion layers, insulator layers,
etc. In some embodiments, an uppermost region of the base may
comprise an electrically insulative material so that a conductive layer
of diode 26 is directly against such insulative material. In some
embodiments, base 12 may comprise a semiconductor-on-insulator
(SOI) construction.

Diode 26 comprises conductive materials 22 and 32 and
insulative material 34. In some embodiments, conductive materials 22
and 32 may be referred to as conductive diode materials (or in other

words, as diode electrodes). Conductive materials 22 and 32 may
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conprise, consist essentially of, or consist of one or
nore of various netals (for instance, tantal um

pl ati num tungsten, alum num copper, gold, nickel,
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co siti for,.in net al i.d
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| ayers, with the individyal |ayers having band
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Pafidigeul ar application of the diode. The |ayers may
have i ndi vi dual thicknesses of from about 0.7
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R RS e e b BePE¥¥ing bano
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 nitride,
aluminum oxide, hafnium oxide, magnesium oxide, niobium oxide,
silicon nitride, silicon oxide, tantalum oxide, titanium oxide, yittrium
oxide, and zirconium oxide. The oxide and nitrides are referred to in
terms of the principal components, rather than in terms of specific
stoichiometries. Accordingly, the oxide of silicon is referred to as
silicon oxide, which encompasses the stoichiometry of silicon dioxide.
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i ndi vidual dielectric constants within a range of k=1
to k=40. In sone cases, the dielectric constants may
be greater than 40. The | ayers may have different
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For exaniySe ¢ 5 hﬁ% Rs é?r%ﬁﬁ?t %%4 B hBGe the same

engi neered so ectrons to tunnel
fmagn rtaderamthQSechm@w@Hagat. eAcradJrctBerg lyo dede R6ainag2allow

N T N R Ll
avigle tar oolsad ¢ diunt iy &hhibg cfuroermirrhbmflaﬁwrﬁg?frtomn medteriahl22 to
25t 408N L8 8084 URRT I PR R APOYRAL S, aPP! T ed

Tunneling properties of material 34, and/or carrier injection
properties of conductive materials 22 and 32, may be tailored to
engineer desired properties into diode 26. For example, materials 22,
32, and 34 may be engineered so that diode 26 allows electrons to
tunnel from material 22 through material 34 to material 32 when the
first voltage described above is applied across material 32 and
material 22 but inhibits electrons from tunneling from material 32 to
material 22 when the second voltage described above is applied
across material 32 and material 22.

Referring to Fig. 2, a fragment of a diode construction 4 is
illustrated. Similar numbering is used in referring to Fig. 2 as is used

above in describing Fig. 1 where appropriate. Fragment 4 depicts
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across material 32 and material 22. Referring to Fig.
2, a fragnent of a diode construction 4 is

WO ko038t ed. Sim lar nunbering is used in refBCT/USP0OYDI2236

Fig. 2 as is used above in describing Fig. 1 where
appropriate. Fragnent 4 depictsanother enbodi nent of

di ode 26. Fragnent 4 includes base 12 and di ode 26
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conprise less an’'three d| el ectric
reetrestaalssrelatiee hamner aobtfdarffer ent di eI ect ric

T o e el M2 TR e e
tdielengribenaiafrials f(6¢r 861 addesaa)cum |o¢he1mmb0ai|ments dlode 26

| nC{/%%Sn?Shse o%érf fhian tree different dielectric materials.
Specifically, in some embodiments diode 26 may comprise more than
three different dielectric materials, and in other embodiments, diode
26 may comprise less than three different dielectric materials. The
number of different dielectric materials used in diode 26 may affect
the speed with which the diode reacts to a voltage. For example, as
the number of different dielectric materials increases, a difference
between a time when diode 26 is biased with a voltage and a time
when current begins to flow through diode 26 responsive to the
voltage may decrease. However, as the number of different dielectric
materials increases, a magnitude of a voltage used to forward bias

diode 26 may also increase.
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between a tinme when diode 26 is biased wth a vol tage
and a tinme when current begins to flow through di ode

WwWQawassehsi ve to the voltage may decrease. HOREW/ER200H642236

the nunber of different dielectric materials

i ncreases, a magnitude of a voltage used to forward

bi as di ode 26 may al so i ncrease.|ln sone enbodi nents,

di ode 26 omy eimaddidecrdspdiadd R6ymay ihalpelesa plurality of layers

dj.e tri eri,al __and al i ncl ud void. For .

B TSE Bl A Hng Py RiSed A d R y818, F ik Sambie. diode

5}6 m“a,t gvdl@die DBateaizd thrﬁaiiealal?zﬁ ahamwcsssmrtdwatatenal 32
ial 54 is abova%%d n contact, with nmateri a

%”Qie?' SOHG N is5ab oY/ 280 19) Cadark Wé‘é‘o@‘@t? Hé' 22,
Vepk/dld RNEb 6P e tlriabB 4l Smahemel 88 ib %@idv%cﬂwec@cﬂﬁa@hd
with material 58. In the arrangenent, the void nmay

JBpATAl S 4t abPup AN ARE SO N ARV, matgijalfre 13 Yhe
direh L G6 .rnlem coRst &t mgybs%@a}ta&éﬂrﬁ H1ePBUSb 4t Sh@B8. THE void

voi d Tray a vacuum , the void may be enpt %
ANBEMeMs @@Ilglecﬁth@ C@OBtﬁﬂf&@UQﬁéaﬂtlallb@q\Mai o Qine. e void

t F
g@ggpqégx \{ég;uu e’(gﬁbng%@ r%{ﬁ;g'b% e\!m%fty ﬁhg%ﬁ%‘@gew Pr{de
IDidapapdef biledavitubit ahte aflollql maesy bblfosmledtle@ngna Fagety of

o f al. 56 be sel i t
TraH REEH nEO! FualBHE LEbna i Tile o aF SFale tefies oris
emmderraay o1:] fcﬁflnged 2ubstarhalfyads ilbadtextedsinf Bilgl @us.
'\gl é:liqatlgil bymr;tgg Ip‘iqzmyga s&}orwgygqvtﬁéegaasﬁa}?eéving the
mmacnidtwlé@@rm@k@ﬁalgr@c@wm and one or nore etches.
Subse uent | materi al_54 may be forped over naterial

22, heoRBIbodbBENt©oh 9. Renayiba fabyicalgdins tallowss t ed

QHlt@Fyermé‘ier?aZ 2BNh BYe B8 RalIRINIashdEs BY Material 22 may be
phot ol’i't hogr aphi ¢ proocessing and one or nore etches.

Nattgingd By ubtiyingerepddhee@pAie Prangssinotamd ene or more
e Setaed (i e Ll s EEPLE (o AhEl Gy qrdtBteria) 22
He stepesirmkeddioventsyem teirtl 584mayi g deme sitednan maifernahQZ
5 SRR R R BBhAF pl B e 5o o
mabes eddreeh4 Md&6riabhbd rb8yrmy dbpositbeatitd asy slhaablehe
rrr‘r?'c:ang)oddsoIco)lgc;)y,nl%tcluding, for example, atomic layer deposition (ALD).
Materials 56 and 58 may subsequently be deposited over material 54
using one or more of the techniques described above in relation to
material 54.

In some embodiments, the methods used in forming materials
54, 56, and 58 may be selected so that the methods do not
substantially change the dimensions of material 22 or otherwise
render material 22 inoperable as an electrode of diode 26. For
example, a maximum temperature used in forming materials 54, 56,
and 58 may be below a melting temperature of material 22 so that
material 22 does not change dimension or shape as a result of the
formation of materials 54, 56, and 58. By way of another example,

materials 54, 56, and 58 may be undoped. Accordingly, annealing
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tenperature used in formng nmaterials 54, 56, and 58

may be below a nelting tenperature of material 22 so

that material 22 does not change di nension or shape as
anighduiat d ushe ihdormitngmaieriate 64| 8bs abd, 5&6 Foamdn8hese

S A T R R R T
uaed ihvoliverum dgsireblgrdledrinpdimbhsioandofoBatédan22@s a result
ngie mat eri al s Wlth%AJt anneal i n may be advant ageous

HEdeTMRIAINSES WeSH AH/SI0RN 6 é@g rably altering

dl Wn%uﬂiﬁec@fedmt ehatlria? 3285 a3 & 3oirhe@foveir Fhaterial 58.
eratures used during anneal i ng. Subsequently

e 131 3B M amb o RANSNRB b WEAZiRG B o tali Begr ARG asessing
EndBYelt: PRYE ALBRs Dyadiehldl 5o NS Rhicioear adife

processing and one or nore etches. Materi 32 may
Jrtopéanaglfdmeterialod2atiobh net uset 214¢ @lpesatufedhghﬁbthm@
I ting tenperature of
%er a &égé%ﬁmg%g %1%\?\%' %aér;rg gap di agrans of diode
26 i n Rag. arslbloamatiaodrwap d@ygradisagt din@0R6 ia grounhiased

KSR fio 610 BT 6bTsa o AR 2oV R SR A B AR gy ano
conditon Bands fror ‘03“?62“‘%“.‘ g s Al
SRe0Hb e inP ARER AdEiliGe i v & Eautinded sanditel

edrld b drelabticd/hatéNaRoB8) 861 andlaggﬁéﬁlﬁaeﬁh@ﬁf@tlon of
that, tunneling nmay occur in a forward bi ased condition

SHIFiIRER b@é\ﬁ’??@r‘éor(‘%ﬁé'é’ief MakeNgiset 2o ilh CORErasthown
congpém 5hBR% thgRighnéligneapdeett Vr?a%?@h?@'blz?s?ed 0

uctive material 32 via quantumwells 66. The flow
gfondidog or ihat Sargets fepeaitiagilcglestrons isthasBawii th a

dﬂ@BSHnrﬁé Y8y thﬁngl gon?’cohﬁubﬁvé‘%fl%r ri=i 3t thgorﬁi?ggtv?\ﬁe

wn I n |gs are orilented current
fmamrcﬁdrﬁawta geanturerwells 88. t bhe dlosuof ive cantiers sl 22.

R Por R b S HERIeR R Bl S ot e

trmtedrtﬁad:lthe/eilmﬁshaWnazl Figs. dt hed 2nareerientedifor current
IRRR i AR 8ot 1% £ 45 8RO rmaldhiaf 2T Such is
consistent with the diagrams of Fig. 3 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 arrangement of material 54, 56, and 58 may be reversed so that
the electron flow in the forward-biased condition is from conductive
material 32 to conductive material 22.

The band structures of Fig. 3 may be considered engineered
band structures. Heterostructures may be formed by molecular beam
epitaxy (MBE) growth of I1I/V materials. In dielectric materials, a band
gap may be engineered through thermal treatments (such as thermal
treatment of aluminum oxides), as is known for nonvolatile memory

cells (such as “crested barrier” cells and VARIOT flash cells). The
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32 to conductive material 22. The band structures of
Fig. 3 may be considered engi neered band structures.
Het erostructures nmay be forned by nol ecul ar beam
dqzﬁrtchgytp(e\r@megrmnuctunels nay em:tleiticdﬂasaclemistics of band-
dielectric naterial b i heer e
st Gl onaRes P Epnder 287588 Mdberts AR RBELF anaror
oﬁaalemjl@uu mhaxadte&)snca&)ﬂ &M}@Wgef@@conﬁmoilt@si inecharge
arrier" ce

GiRrase B 1 ASREDIE° ot ity Sl ouhs s callss diamaves

neyaR ¥ [ @i &ltiehast RitbhtibAs afll dansedge characterlstlcs
di scontinuities in carrier transport in the

seni cHIRRRIIBPN ofRimlavess A diptsictiic malgsabmay ceaatgrlocal
Qﬁ!%tﬁﬁgﬁ/eqjl'ssf‘;@wmé‘ﬁ“rﬁé)‘?%e' EABREEGNShe'AB8eMirddifres

dielectric. For nonvolatile nmenory cells, this may

&ﬁﬂﬂf@aﬁphefﬁlﬂatﬂﬁﬁ] cehdpugtignthagid aaﬁd/aéﬂuwmf@ edges of
gﬂgrd"!@teq{t |§§ 'n9§¥ b@egﬁn’gzl'nte'e?@d %fé/ h%'té‘rlélaé’ﬁ&ﬁeognd/w éh%rbmal

el ec 'ocal quantu
vihe Ztm el - bléerempleoaetl @dwmlngtlhethel meealsrtetgu@m uma&s be

Shbb8R RE'GliBad MPec s B hsr g nelh St SR Fut Bl

cahotlheeto@lsobirm bbtterrrmsabf tm@ammg sThléebmrrdrerveabhm alimgthe

BrlsiEnt Thikrged ey Fattine Do brisleohiracieises OF the

atelgtdnns of the diodes. The barrier heights al ong
the diielectric thickness may determne the tunnelin
char adthér fidessdescribrd &1 Migs-ut 88d FmAPEfeysidered band-

%éh@ﬁ%ér@dphgﬁat Eofpsh LAtivRY ob@n&@?ﬁdl@@rze@zbaﬂdw and
engi neéred in that conpositions of materials

5 a5® ChQﬁ@”S’ﬂ) that tRdeewass biased twenelsiaal alaﬁraére&
td’cﬂ:nu‘?é gg d%i(ﬁg?rn?ﬂe?%lé’%‘éuéﬁ 3N Mg@ng H%trﬁéy%es

22 an uncti ons may e ¢onsi
fQM’(StNi@rredmﬁ\ werk élrattedh trayabe aptalad tofaeasrgyntusfeehargy

(Y B OBl Pt Blhat TR Beral SrEERy 3y naBhETDPuRd
rtﬁrﬁgii?g?swmdqnguncmawnalefzmmrfmlnsa;zzemeaz wWOok&

uarEnp 8l Mhtb S a2 and B2 T o8 idu Ao BRFo G ydlsiial 22

may have a higher work function (represented by a higher bar) than
material 32. Consequently, an amount of energy used to remove an
electron from material 22 may be larger than an amount of energy
used to remove an electron from material 32. Designing material 22
to have a higher work function than material 32 may help enable
electrons to tunnel from material 22 through materials 54, 56, and 58
to material 32.

In choosing materials 54, 56, and 58, barrier heights may be
considered. A barrier height may be related to an energy difference
between a conduction band of a material and a valence band of the
material. In Fig. 3, heights of the bars corresponding to materials 54,
56, and 58 may represent barrier heights of materials 54, 56, and 58.
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materi al 32. Consequently, an anount of energy used to
renove an electron frommaterial 22 nmay be |arger than

wa@eooatsed of energy used to renpve an el ect r oPCTE/D82009/042236

material 32. Designing material 22 to have a higher

work function than material 32 may hel p enable

el ectrons to tunnel frommaterial 22 through materials

54 s@be esmbloaﬁtndam:tsrm)tae;ritealheigjhts|mc nhtosalagpded®rarmd $8 may

3 presteldfaiinaiTunethoBay Hate MRy 2% aRg 5% ABriE My dated

et deryram 60ruiukigi @n band of a rmterl aI and a val ence
band the mater.ia

corre 9,’48 qqglﬁﬁlegpgaqhgdg@g’ @%%lf%%pq?ng ?nrasterlals

IS eaid Barsd ﬂﬁathl@am&r%eﬂbhf@ibﬁma’tbﬁa&‘l545§6 and 58 have
58.1n sonme enbodi nents, barrier hela ts of materials

Past@culahaelgémﬁﬁwbe FoF PERPIeh £RChAYMAiRKEISohs 4. and
df‘hﬁv@% aid 33t Bariisr hé'dl‘ﬁt rﬁir@lﬁ’e@h@ill@%h@%@@n of

. Band-gap engi neeri 3 di ode may i ncl ude
sbagtamrﬁp naeteialsp454H6.580d SBIMES Qe;arneatgqshbetw;een

; ngﬂ alsP2 Hﬁag{é A 8rd5er' o?@cr@ﬁg ggom%?t‘??lgﬁgak%gé%mgly,

at'ions materia
andtes8alnsdy ( \haw@ ® doﬁéer tnmadiarial @) hed\ghaveRbet/baest

T b ah S metaBen et err s A e i Flde
dfaririee rmeaghnigarbar thanm netiegial 54Aa0alr chianeliyl, 58rat 2y ihalv e St
sest . to mater. 22) may have the | owest

(which is ¢

AR e BTGB i TR EraT 88 be ang 56, mat erl g

56 maw fRvrle skass eindss ghiy |b@r©r$cﬁsér’ﬂw ha®eerdlahcdband
and material 58 may have a_barrier height |arger than

RIAYOYIPVE. th@étaéﬁlael@‘%hw”@@es@ﬁ&t 13 qp@ya%%”’@rﬁos%h way of

hagn ¥R, §RE & hence %‘&%U%né@fﬁl‘e@e@@? niteriald §aedeWahi 58
respect to one another. By way of exanple, the’valence

SEEY @w@h@ped el desvalenggt andiesesay l®eels afdneterialy G 56,
Sl GaHO S e DRSO sl 5, 3
/artdaﬁﬁanaydwphmererto dﬂas/e5dqnc5@c;tlcanba58 aregrdlydeghbssthat are

RIS TR MR AL AL BRE, g 2
cxxmdimlomnbaa@dar@mgy ggvdzlevceﬂ watdriagt B, B6,sabd 5856 .ayaral
5&&%‘6 R%he conduction band energy levels of materials 54, 56, and
58 are substantially the same.

Materials 54, 56, and 58 may be selected so that quantum wells
66 are created at the junction between material 54 and material 56
and at the junction between material 56 and 58 when diode 26 is
forward biased. As was described above, diode 26 may be forward
biased by a voltage applied across materials 32 and 22 so that
material 32 is at a higher potential than material 22. Furthermore, in
a forward biased condition, quantum wells might form between
conductive materials at the tops and bottoms of the diodes (with such
conductive materials being the electrodes of the diodes).

In some embodiments, during formation of diode 26, properties

of materials 54, 56, and 58 may change slightly at the interfaces
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aligned if the conduction band energy |evels of
materials 54, 56, and 58 are substantially the sane.

wordenisss 54, 56, and 58 may be sel ected so tP@EE/US2009/042236

quantum wel I s 66 are created at the junction between
material 54 and material 56 and at the junction

bet ween material 56 and 58 when diode 26 is forward

D etvedn Astenslsde4chbbedd dddee tdipodeesingaytecps undertaken
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tdtahenatefacd b22weknrmhtrrials &4 andase‘ atayamix b\rlﬁsedch other
condi tion, gquantum we m bet ween, conducti ve

"t BF%é%%'E‘ﬂeeY%ﬁta{ﬁ@tﬁ/%ﬂ 6% %PCFH%'”& Gdere@iptes less

SHeR sBMdegtéye OTRvEking 6f b@itftihst bemlt@ﬁbrsosmarﬂf 56hfay
di odes). In sone enbodi nents, duri ngb ormati on of
e

d#%@dﬁﬁthep@%rWtqh@@g@f'nnﬁ@rél'qrzﬂ%'gb tyeen fpatygiggw4 and
Cé‘@ﬂﬁﬁstﬁdtbehh'ﬁ’tc;a% Wich M8y haeRs iR W6RNa iTBh i 2hdaRtum

, O processing steps undertaken to form
dvelllded@geepdnatarialpl a4t asddid. portions of naterials 54

and 5§ Ptarfile LR bRABBASHLIEF MWL 64 8uSad 5B eh Ihixing

durin rocessi ng
rcefl raritivaisyofl materialsess ang 5&,n@élrrat verysthi reiaye hahinssitating

IRHIE) Mg e I bR RE R flridlE 2 apb g R e tireP very
heltmﬁmgmm??aewérsm&@ t?m@h r&@nlolli;gl?’taam agbn% prerglntl Bixing
el haferal o 20d. 86 Bierehy RraRe o e dljugt change in

rmarrfrueemfe.@rﬁt ﬁatveééralrrsat%aw645@nca6@ MWHeNdRfdePR6 s ons
of materials 56 and 58, a first very thin |ayer of

i1REURED PIRPathiGHTIArS MAY BVl REl BEeHebIhgel st ivary thin

QHQUI@@mgTIE?efr Idudt toV ey chftidt t'u%‘é'llﬁb' &¥fe Py LBy Reréin. A
nonol ayér and may prevent mixing bétween materials 54

S Milse secradets ypihes érsulating nayabman be Kargedietween
g@éfér Is QHB é%ew("g?é\/é?ﬂtrﬁhhﬁb%eﬁ&/e%%d (?ﬁro Wen 'tQHﬁl 56

orvvar bl ase carriers-my rmve I‘eenl W ug
tared portéony of ynaterial BBs uT beifiigt hagar tmmrtobvehethm
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a nitrogen ambient.

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 to
a first allowed quantum energy level, which may dramatically increase
the probability of carrier tunneling. This may lead to an effective
lowering of the potential barrier in the dielectric.

In a reverse bias condition (such as the condition depicted by
diagram 64), the potential barrier is high and formation of any
quantum well is suppressed. There is, therefore, a low probability for

conduction current to flow from one metal to another -- due to reduced
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insulating |ayers may be fornmed, for exanple, by
deposition using ALD. Alternatively, the first and/or

weewonessery thin insulating |layers may be form@dukze09/042236

passi vati on of dielectrics and/or anneals, such as in

a nitrogen anbient. The quantumwells w Il have

di screte energy |levels. The contact between one
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bx@@mqeodl bbﬂ@sbahab t8%a 1diRe SIOAIHW & 8 udeNL AT @ﬁetgy level.
di agram 64), the potential barrier is hi gh and
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L& ak fre s bR Y ﬁbﬁhﬁ@ér'éﬁérﬁ@fer?s‘iﬁdh'ﬁ IR b RNEUER

flow fromone netal to another --

rdteeR-unnel | ng whi ch appr oaches zero -- if the
di el eGI{Jn'n%Ilhg e:?‘ecr‘ al vc‘e %@é% r{ Sgcw in femto
Tunnel r ac eristic acr ructur e such as

cH e dB6 Tudnehm@ nnal)atalsdwbeeremeuyvdje indgpangenueh- on

BRBGEE] 5, Aot ebh i T of ML TRLURsHRe)
eerediniayebeiablehe by emnahedaferpﬁaeo,rmncato mh gxteig h

ST e ol BB PO Scb b B e forward
finate@raoRessirednethdpiodctubuyh diedt 6se0Mdls 26 may
Tunneling may al so be rel atively independent of

BRSSO Y. b%é%b?rtﬁen*@'laﬁedtf’rﬁ M3t ¢iranbifeld NRitetéram pe

ARsEingt@do 0§ h /liHd 8B . DB Gbé @6tr%a?%@%b@@%l;)’%%vér@s&esed
and t0 nmeet " high tenperature reliability criteria. For

e’%(&irﬁﬂ@ reyege Q@Sﬁﬁynfj@'q BYadYed i aHEN s1@- cliy seme
ngb%ﬁpﬁﬂ@qgté"r@é&fﬁ%@ee@1ijéh%6 may subsequently

be reverse bl ased current is inhibited from
f1 ow rprobrexaghplei coie pR6itidbisosleit2dl enfvy the barpegapd! vy

(AR PLES R SRR LRESET bRl AR e o
arebmthl138,@ildcon dioxide for material 56, silicon nitride for material
54, and tungsten for material 32. Another set of exemplary
compositions is molybdenum for material 22, silicon dioxide for
material 58, silicon nitride for material 56, hafnium oxide for material
54 and platinum for material 32. Another set of exemplary
compositions is platinum for material 22, silicon dioxide for material
58, hafnium oxide for material 56, zirconium oxide for material 54 and
nickel for material 32.

Referring to Fig. 4, a fragment of a construction 6 is illustrated.
Similar numbering is used in referring to Fig. 4 as is used above in
describing Figs. 1-3 where appropriate. The fragment comprises a
base 12 and a memory cell 10 over the base.

A schematic electrical diagram 8 is shown adjacent fragment 6

to illustrate some of the electrical components of the fragment. The
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material 56, silicon nitride for material 54, and
tungsten for material 32. Another set of exenplary
conpositions is nolybdenum for material 22, silicon
Blegirtml fdbagraah eshioaVs 88t melmargreali 10icdenprosesmat witlired 22, a

56 f N, UM oxi [ ferial 54 an ti num for
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over the base. A schemmtic el ectrical diagram
gHevn metiehcentaining femProeitions ( iQﬂSﬂﬁmr@esmtad)mI&rlﬁ@s

‘j%@&il@ul‘fé\ egogfcﬁgeé‘ﬁé c%dhl%ﬁy{afyag%é‘é sem%%%%fdrcrﬂlaterials

lagram s i ses a
2AP9r i@ shen ck |¢tmcamnv&lyd1d@xp@d26|hand aTrin@nmﬂyVIdUel‘rdeliﬁes

T EBlIFE o Bebb AR PO ERFISHE81°
eimltramabhpnmewctlve material may ]cc:onprl se any

0Ss
el U SROGRE Teats 28oPSOaRPRYE TRt G Herdie 24
ttagbed atiior pl Ao cé MpeSledn 352] MENGIT e lROPOET 28 §o4,
etc.), netal-containing conpositions (for instance

RATAPTIAP @Yue4ilabigt cAmBasRiodee! cembipatign@f compositions,
kY 8l ¥xdrRfE, §8md?@%dlt@n%ﬁstr@és%rdtfﬁlﬁ/ &, er consist of

i nstance, conductively-doped silicon). Thé individual
voreIPT rﬁfé%reathPQTQWSkﬂ@smﬁi@/“%'évéhﬁlﬂQﬂ@fﬂé@% éraierials oignic

Aot PEARTRIET 4 Q1A QWA AIGBRGRL Sool BRI mayerials

conductive naterl
taykphesefadrangeematgrialsnponent 35. Menory el ement 28

TRy COITL IRl S ERD ST OIBESbhARIcRe SONRIAR 58"ina 24
afmeestorgssenponaehly36fmapbecotiszsd t@fchange a state of memory
element 28 in a programming operation, or to ascertain a state of
memory element 28 in a reading operation. In some embodiments,
after a current has been used to change a state of memory element
28 in a programming operation and the current has ceased, memory
element 28 may remain in the new state in the absence of a current or
a voltage.

Conductive material 32, insulative material 34, and bitline 22
together form diode 26 as was described in detail above in relation to
Figs. 1-3. Conductive material 32 is overlapped by memory
component 35 and diode 26. In some embodiments, conductive
material 32 may be referred to as conductive diode material (or in
other words, as a diode electrode), even though material 32 is also

part of memory component 35.
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one or nore of perovskite materials, chal cogenide
materials, ionic transport materials, resistive

weMakssy materials, polynmeric material s and PEEES2009/042236

change materials. Current within one or both of the
conductive materials 32 and 24 of nenory conponent 35
may be utilized to change a state of nenory el enent 28
in a pn csghamﬁtirgetqcmriaai obira,gram Sod'zmiee%a‘a rshavet beaveén

TR 22 A ey BoRpioP @i X, e BBl EngbRuR 8k, glioge

st@heayobe mrititign all g e dlte2Batinely Provid ednvengeopavaidlior 24
and, t he currEent haégceased, menory el ement 28 nay

rHHAMPTA Y REMEW sBate in the absence of a current or

a vol 1agre s ehibEdirRM! dRlde326 ddrpitatimMenifios) fralm
34, and bitline 22 to&gther form di ode 26 as was

JBEBNAN <P MPoRRRhPP taRiweG A2 BURIE YR CIOCRITES! Tlpwsin the
b B BRI | S'ucﬁ%drﬁeﬁ&@fé ?@&ﬁﬁﬂgﬁ merng from

conponent 35 and diode 26. In sonme efrbodi ments,
dbﬁ%@lﬂalv@emr&r@'élm%ﬁsnwllﬁellméf@ ceaptallidetween

3&3&%5@}, ectrﬁ%ﬁﬂ?m’%' al (or in other words, as a

even though material 32 is also part
of merdthouginffundittde3861ia shohenatieoted ée diliechlcudiead rfbow

TroBuRemS L ROEE AL PE el pes T aft O D R Bits the
ad@bdrltt:agoaldafycggdeam mmbewelvgrwwvuﬁfdﬁ;@trﬁ?tg\?ﬁgmde 26 may
U, SRl To FeLmlr oy el HEWelTbnt Punb A Feierenor y

ﬁ@ﬁéht 35 hAdhbtielshect2el rr&nt fl6 @sihrtihet Sp sedihgrdirddtom.
in the opposing direction. Such can enabl e reading to

and Wi SOME BMRRGIMARISd A M ABhEEY 19 @’@é’n‘?%'”%ﬁploéated into

|elri"‘a¥r‘a‘?/gcc9r¥18$|§rrkf1b5trb%¥ﬁ&{1 @le%‘h@”éf r‘?ﬁ%’ﬂ%r)y @él%"@ﬂ&s
t hough the diode 26 is shown oriented to~"direct

el abrwn@emﬁrhte%w%@m@eiémt Irssomse Bmaadimers,
'Woﬂlfﬁ%‘r 2$'FP8)9'b'éEB£dﬁ Jf@pﬂghﬁg} Bgm E’él‘?&'?e ﬁf,eg’%%béumn

be reversed Accor e orie
pErmemaryraadisy) lnladmllﬁormrto o ¢ oy c2H ‘tQ) amgnmiay extend

SRR By Ry it K4 2817 8o Yool bd Birt of
plurality of memory cells (e.g., a row of memory cells) in addition to

memory cell 10. The term “substantially orthogonally” 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.
Fig. 5 is a schematic circuit diagram illustrating one embodiment
of an array of memory cells. Fig. 5 shows memory elements 28 and
diodes 26 between wordlines 24 and bitlines 22, and further shows
diodes 26 connected between memory elements 28 and bitlines 22.
The embodiment of Fig. 5 may be fabricated as follows.
Initially, bitlines 22 may be formed over semiconductor base (or
substrate) 12. Bitlines 22 may be patterned utilizing photolithographic
processing and one or more etches to pattern bitline material into a

plurality of lines.
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In some enbodi nents, nmenory cell 10 may be
i ncorporated into an array conprising both vertical
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menory cells. In sone enbodi nents, wordline 24 may be
part of a plurality of nenory cells (e.g., a colum of
menory cells) in addition to nenory cell 10 and nmay

ext en@tmﬂmmﬂmiyalal erscbﬂeheig@fndxiloldye dieldxitticimaete2al 34 (which

2 b t of |
by 0% SR by MBS ReBLl By uPia-oReri¥pifasd apove
dﬁlrlela]ﬂbn Tdn@lugsarms)sahistraeﬁ|ca,4dryherktuhngmaDh%de aeEBstric
that t Itl1 pes, and . wo I nes are nore orthogonal to
THBte A HE MR GRROSI H e e a6 oH & aopelieen
|tht9£1 BiAfhd<0, arRimeH pRitesné d utiiizity Eh@td@ﬂh@btdﬁﬂﬁc%@cessmg

bitlines are enti reI exactle/ ort hogonal to one
At Rae.orENgre @tP@e% Ereata he EP%QJW&‘H%%@F%W{‘ in Fig. 4.

'Ih'é{ﬁﬁé%rhBSdW@n%”’%‘?é’d@%”éle@fn@ﬂwé}éh%}’3Qf|s'fF‘HT9ra\f Cross-

cells. Fig. 5 shows nenory elements 28 and di odes 26
m,ftlmkfeﬂf i wordbse anghneitihies.i hesopre egipdimamer the diode

j 8
S PR 33 AP BRI L T B SR
frditeroadeld lag ondy Iadamoss-lp)loumtalcbfthebwordlnw agdrmwrws

E?ltol : n%l%Yleztr%H@"agen%gﬁ grﬁwggaﬁqefqoc{séfeﬁb%t%aé@ SLljﬁabIe
phetrtdddlggtg{?ﬁﬂwd:nm boessam@l@ndlLDne or nore etches to
patter,n_bi

al int | lity of . . .
P2 eo Adtittdguehof Blecinifany onghefve iass infierial die i
rEbaeicibcBddéyipcl thay fbemadsé eskdieldendilctéditie material 34.
dielectric | as di scussed above in

TRstically 6ordusve material Parmay tw (armad i bihe cRgliguration
QRARH ¢h Eigch rtiy"d@@éﬁﬂh@'th%‘]mﬁ?é’rlélearﬁ’(?@l‘?% tp%@'teﬁ‘ﬁfrﬂfﬁ W|th a

the bitlines and spaces between the bitlines,
prmqtehﬂmrapmqaéiyn@at@ﬁmqﬂ Masigr2pRiNe P m@égﬁtﬁbeﬁnd
one of t hown
P ety Rieents datd e RFRATIOLEN ERACaf
rmarwtucdilveSMalter@InJng é[thecrrt&mpm et&smemtst maywoe fdimed by

T ifivb M Smel P FMEnS MBS F Hedass He, 888544 spaces
rsdtivee nt thenbiphh ¢ & m@@l tlnen kpmtmhmgatha:ntaee poegrseof
t he, wor,dl.i,nes and Rtﬂotg ielectric materi

JRalfijAIgY! Ilfé'b%ﬁhtoéﬂ" ﬁaB'ﬂ'f gr&ctegﬁlnég ?r@fjr%beo%ényore étches
itaCdredié the fsBowexadpliguradd 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
bitlines rather than patterned to be only at cross-points of the
wordlines and bitlines.

A first level of wordline material is formed over the memory
elements. The wordline material may be deposited across the bitlines
and spaces between the bitlines, and then patterned utilizing
photolithographic processing and one or more etches to create the
shown configuration in which the bitlines are substantially orthogonal
to the wordlines.
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A first level of electrically conductive diode
material (i.e., a diode electrode) 32 is then forned

wWoe@p/1¢hisetle di el ectric material 34. El ectri cal PgT/US2009/042236

conductive material 32 may be formed in the
configuration showm in Fig. 4 by depositing the

material and then patterning it with a

phot olSulseguestil ewslisyofpait lirers eti o dasiie Brudrioneoc mductbree diode

et ches., Menor enents 28 ar hen for ver .

a1 MToL, BB o BbPufines miay B toPhBl using

& bywieiue NTalerhgoherofed e b dlepdRdussg dimmeey silgg parated
terial across the bitli nes.anﬂ%s aces between the

% PiRASSIVALRD [T, SR O vertCehe STRAKSE Maraomnarrays to

regffd helgttsl 2hnbrABErRbo HIMERBDINE vie B6&81SStaBds ansy

one or. nore etches to create the shown configuration

iGPTRTIER atHeaskAdR MOk ineNE. Ahieastal 0 mempAry calls, or at least
fPaReRBhEENSf the wordlines and bitlines. In sone
enbodi nerits, the nmenory element material may be |eft

bet wedm& nertisiadlyi sieskedtnemorneeliganay rasetd andids teging

féncﬁﬁ%iséﬂomag‘ itk fHﬂﬂ Mﬂ’éf Q!nbﬂfér. aﬁgr PA&tEh?ﬁ?th&df&J&t
evel of wordline nmaterial is fornmed over e menory
ehetamiutilided fourdemosy metlksr atad nedgvéleofde yesiicadstack may

t he.bitl] . . t itli
O R IR IBES BB PR Gldd memony
welisestisangthendevaleoba ventiealesialags ot onay bat thet femshown
SETNRERAEN €8 1hf Ot rdEeP B Tanis SURRLATEERS 't ne
ithet n@gel ofi thdevahtiebeetddikc, conductive di ode material,
msm)ri: el enents, and wordlines may be formed usin

subsedient 4B AESOHO ST 26 PEoWEFReivaqrs gy bitline 22 and

RhERRT§I dInpSSPRT 85 ednitndr RBRHigUAL LI ORs | iRLRIding0 form
vertically stacked nenory arrayS to desired hel ghts.

19PN g alABS AN YENES, MERW Y ddaliscae stagkre amgiscarpseidsabove,
JiopE% may BERIB, R Peniion FEmoly PR g Bnd®”
et nec24 | ST herfatyécadtiempieed sst otilbned & do e rsucor otiney
AR5 B0k 5 L 50 28850 0, i ESpponranon
werEigcd!, extcapk tiatythieecaind daihventidde oatpadal ahdrdibdem

t |Sledétﬁg$n%trFa{lirr?£y %tei 4oirrznee% gﬂ{er ?c?rnn%l)(on of the memory
elements rather than before formation of the memory elements. In yet
other embodiments, the orientation of the wordlines and bitlines in the
memory cells may be reversed (so that the wordlines are under the
bitlines) and the diodes may be formed either between the wordlines
and the memory elements, or between the bitlines and the memory
elements.

Returning now to Fig. 5, in order to determine a resistive state
of a selected one of the memory cells of Fig. 5, a read voltage may be
applied across a selected one of the wordlines 24 and a selected one
of the bitlines 22. In response, a current may flow from the selected
wordline 24 to the selected bitline 22. This current may be measured

to determine a resistive state of the selected memory cell. For
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cells at another level of a vertical stack; or may be
the sane conposition as the diode material utilized

wo oroottkpsssrenory cells at the other |evel of thBCT/US2009/042236

vertical stack. Fig. 4 illustrates diode 26 provided
between the bitline 22 and nenory conponent 35. In

ot her configurations, including configurations in
vénaohpleeibthe seldcsecdinee mbay lcetl iasadifigeuegdd t}adapr/@grammed

di.ode. 26 . id t

A faicn T S8R Shep B B TP ERaCE PR B Erren
fma?ngieastdfneﬂ to?irila‘tbgurraé 'mmmrtwaaynéafeusnemt Ic@rrretscpdrimt@tto
utt i in, t orm e CO uration o exce

Hha B RgectaterivaGupoime it 2bsfadte Sidtee SOREP
Cbrﬁb@@trﬁeﬁtszElhéfrhélh\d?fﬁ)éememﬁgfﬂ@dséﬁtt@fstbﬂé ABdihgne @ft of
the menory el enents rather than before formati on of

t'ﬂ@rﬁﬁmwwé!%mw reSisiRnCO Bl GHRRARLING totabit value
il PPt ﬂﬂe HI%H R&sivRIl figse 200 n'd"ﬁ’é tha Bﬁ“f?/alue of “1.’

menory cel y be reversed (so that the wordlines
are urfah @hwebmqmﬂ@sye&ﬁ@ftﬁn@ ama)e@ermyrmtﬁerlyr tragkdsing a

er'etaﬁe\{olpﬁé/“tégrh ébéE‘?lb"é%r 9bb0e %lyaé‘ﬁ%&!@r 'E'FFéTPé dd %ﬁ%‘aﬁt o the

nes and
Reomdimengnchm:\llm@ Forgesponding lor dher rrtemn@Ireyt eelmtcm@earead

ol ¥ansbBhFaglerdnp kaE AR i B TP o
stﬁbag_éeltbrgrteelbbetri@ere/m dHavesv 614 |ra|sdrraa; emt&mmmmeaoéad

t Itlin n res onse rren nm from
t“r?j@éﬂ @epﬁﬁdﬁsrom Hleerﬁ Y 6o} H@%E%Et%kﬁ@ﬁ |°rr§é”%'ber
Tha§nRUBEQARNMRYe H¢ vBRAGEr &sblicd tehabMdemani®@gi 6dli.Vahe
state of the selected nenory cell. Forexanple, jf the

Siffecerce Hororg vedpoesdnapresylifEmi 8" Froigr ahaAstmper

At diferéntaFRoreSFat dRam b atife Pbad@ vbﬁ\é’géer%b:?tvad??eshghtly
state, the current may be neasured to déternin

denandingian the peRttiaet B BIRIEotoCehavimigHhecTay afice
%n%@r%cetllréedﬁﬁ%rtﬁé'léﬁé‘fﬁ%e?isf@@orélnne?%d/or bitlines. The
enbodl hent s, t

e nmenory- cel be used
giffgrends in ofad nbagesiappligd to tHr:eMemoryese&s mmebe

USSR LEIRRI0% 8 RoRbbits sl i RoypRdeiga, M on

resietanc rng’ t
Eadtig 06 ilinstraksosyciceal H’BFofA§|ogap|5temiam big. G, rthbaebyi

;ve fja}guqilag & rea% Q,tg??g%zwg%n?§§v%rrh %g aanoob%hng may be “V.”
However, as |nd|cated by the probability density function, there is a
significant probability that the read voltage may be higher or lower
than “V.” In some embodiments, the probability density function may
be a normal or Gaussian distribution.

Fig. 7A illustrates one embodiment of a relationship between
voltages applied across a memory cell and currents conducted by the
memory cell in response to the voltages. As depicted in Fig. 7A, as
the voltage across the memory cell increases, the current increases.
In some embodiments, the relationship between voltage and current
may be substantially linear.

In some embodiments, memory element 28 may be configured

in one of four different resistive states. Accordingly, memory element
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wordline and bitline corresponding to the nenory cell
to be read. ldeally, a nmagnitude of the read voltage

wawob/14p884 he sanme regardl ess of the nmenory cel PCHER2999/042236

read. However, in sone enbodi nents, a read voltage
applied to one nenory cell may have a | arger or

smal I er magnitude than a read voltage applied to
Aty remesept twblhitsTokirddbfrhatienceOf now el o;tbbt ages

FRpBAEN s ARERATSERE TRl i Sl T mapt P (&8 Wore or
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statistically by probability densi t function (PDF).
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LR 1 AkiLALE 298 ABPIrleiflo Hl(';PéFerﬁ’éﬁﬁQs beltwwserth@ PReght ne

and bitlirne may be wever, as indicated b
pesksdbiel staye @érﬁ@,emrv @hemieon 28 Mayebe slede gnigieids t%/)t:ant
t ben b
%%?Qt'hgr@/ p@}}%‘n ‘cBﬁdD‘éf’éjdngg d—h %trgﬁclétuhgo mgg%or‘?é? to the
dmit;a'g%l Asneas dnscme,seknieabome,rt’fw volﬂa@@wllarﬂ across memory

Aill o e j . af a
it 1 b ek P BroacSaed oo A TR S PGl Pog Miedtbedn
d%abl 6and currents conduct ed by the nenDry cell in
respo he v es. te Fi.g. . 7A, .. as
[ hePoRisacf iswates fltranSot Sl Ry Saatly nffficts 14,
18, fﬁltam@gbeﬂﬁ%irmbﬁséam ea’@nctitﬁent $DEhe may represent
relati onshi p between voltﬁge and current ma

dhssrrekeldity fhat reatnory fe r%wéhﬁeaﬂﬁﬁh@soarﬁﬁﬁwﬁmount of

QJLﬁF@rﬁ‘Fwﬂgnr@Vohﬁgéq%bgL&seg reBd At Rfe) fH’éAflng'tﬁeqi‘@Pt
resistive states. Accordingly, menory el ement 28

ridpsleatad in ®wo-Hf tsapplieafadr aas inwmody cedurGe Pt Hér)rllS
edQ?ﬁQ P8t S ﬁeHP§ |'u*é' *|'i‘ V“l} Yth_%' SRl k@%
d fer en tes

has nore or ewer 'esi stive st
andremeyatierie ﬂ‘epalélselmgls tharealsosomev\mobtawrhttht bihe surrent

8'(5’,'” o4 ;ﬁﬁ@ﬂ@ﬁomn@ﬁ% voltage (e.g., a read vol tage)

r oss cell 10, an anount of current
t hat mnenw oyl bd@lseonduedszvnthn ohespofae dltfetdsmt resistive

\éﬁqlgféﬁsf gn?mgﬁﬁgpedr@%& %gegéﬁfelly?tﬂlwe/%tgtteagfst four ha\)/lng the
highest resistance and therefore the lowest current. PDFs 16, 18, and
20 are associated respectively with the other three resistive states of
memory element 28. By way of example, if memory element 28 is in
the second resistive state and the voltage is applied across memory
cell 10, the resulting current may be centered at “I2” and may have
PDF 16. Similarly, if memory element 28 is in the third resistive state,
the resulting current may be centered at “I3” and have PDF 18 and if
memory element 28 is in the fourth resistive state (the lease resistive
state), the resulting current may be centered at “14” and have PDF 20.

Fig. 7C illustrates a combination of PDFs 14, 16, 18, and 20 into
a single PDF based on an assumption that memory element 28 is

equally likely to be in any of the four resistive states. Note that the
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vol tage applied across nmenory cell 10 may vary
according to a PDF such as the PDF illustrated in Fig.
6 . Fig. 7B illustrates four current probability
d%IEiafyFigurY(Q penks Bt cutbent dBuesahtd” 22,5 (ikBet 'arrpdsk@d 5'rg.
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conducted by the memory cell as a result of the voltages. As depicted
in Fig. 8A, as the voltage across the memory cell increases from zero,
the current increases to a transition point 68. As the voltage
increases beyond the voltage of transition point 68, the current
decreases to transition point 78. Further, as the voltage increases
beyond transition point 78, the current increases.

In some embodiments, the voltage-current relationship depicted
in Fig. 8A may result from diode 26. Diode 26 may be band-gap
engineered (as was described above) to produce a voltage-current
relationship having characteristics illustrated in Fig. 8A. Other
voltage-current relationships having transition points in addition to

transition points 68 and 78 are also possible.
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voltage to nmenory cell 10 and neasuring the resulting
current, if the current is within range 36 it nay be

waleioensssed t hat menory el ement 28 is confi guredI/Us20hnes2236

resistive state associated with range 36 and therefore
menory cell 10 is storing a particular bit val ue
(e.g., "00") associated with the resistive state.
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and current at transition point 78 of Fig. 8A.

Diode 26 may alternatively conduct a third current from the first
electrode to the second electrode when a third voltage is applied
across the first and second electrodes. The third voltage may have
the same polarity as the first and second voltages and may have a
larger magnitude than the first and second voltages. The third current
may be larger than the second current (e.g., if the third voltage and
third current correspond to point 69 of Fig. 8A) and may also be larger
than the first amount of current (e.qg., if the third voltage and third
current correspond to point 71 of Fig. 8A).

In some embodiments, a voltage-current relationship of diode 26

may include two transition points (not illustrated) in addition to
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As a result, diode 26 may have a vol t agecurrent
relationship including two or nore transition points
as illustrated by Fig. 8A. In fact, if the nunber of
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the second el ectrode when a third voltage is applie

dBedist vrEagey Hhe sauitiesdti renkwilt aliasbe taes thap dhe f”St
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PDF 44 may be associated with one of four different resistive
states of memory element 28, namely the state of the four having the
highest resistance and therefore the lowest current. PDFs 46, 48, and
50 are associated respectively with the other three resistive states of
memory element 28. By way of example, if memory element 28 is in
the second resistive state and the voltage is applied across memory
cell 10, the resulting current may be centered at “I12” and may have
PDF 46. Similarly, if memory element 28 is in the third resistive state,
the resulting current may be centered at “I3” and have PDF 48 and if
memory element 28 is in the fourth resistive state (the lease resistive

state), the resulting current may be centered at “14” and have PDF 50.
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current fromthe first electrode to the second
el ectrode when a fourth voltage is applied across the

WO 2oogti428s4l second el ectrodes. The fourth vol t aRET/IER009/042236

have the sane polarity as the first, second, and third
vol tages and may have a | arger magni tude than the
first, second, and third voltages. The fourth current
may bé’Heeslsap@amfﬂ’r[éFas Hidy, d6a By ran b b0 arerdiffer ot from the

Rt OPD G 406248 na] oret Ve B LR dh At g o s
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to transition point 68 and if the voltage is I ncreased
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CtHfsr %Ftaé‘éjdurp@nt' RISt SN pt PR d gt 4%“W8e'%1tnd 50 may have
Simlarly, if the voltage i s decreased slightly bel ow

tlpes fovieshabywitharpsh pHerr tbaul thengmewnt @fovsiriap betwe e
'|£|§f=s 12 d, hPs féﬁ&‘zocur”nr g&‘ é:hw%ogﬁﬁehké YshEalep j@Us.

peri nposed current y functidns 44,
ztaa)d 48, migid r&g. hePEFanWBlgm&camB ovanldpSO may be

associ S f si stjyve, st

of oy Bl RBfE il chbilahlgn BG4, e e 6 30
nat:tgass&nglet P@pralba&bldn the tbsd mpeicor iy at ehdémboy \&ile}zﬂnent 28 is
con rticular a nt, of curr.ent en olta
IR T i T Ahy G Rt ofh s SEL sl ol b 3P e
FFPIF & Fig. Bphaed gy Oéﬂey@mWe@ﬁlthe%lué’mﬂﬂ ey “1ge”
associated with one of four different resistive states

Gintrelfor y@NeRAE. 38, 4Ramidy42 reedtusieatad theig-dife and are
rla?ééd?ﬂatfe'aere'%'p@&ﬁ% X ﬁ/ﬁ'hsﬁw@%%ré}aglsttﬂ%r&fa@ééf of Rfeharpst

current. are associ at ed

relsmanti | Wagt koM oEsnans 86, B8siAdh iang! $R it PRIFs
TP P EAROS0 S SEATR! i igBiobaty that i
vaocuagatifsllapplhiedaage 3 memary eefert®8 tsheonfigured in
SR UG LTS STRD, B SPRBEE ALk Sia Y R
tihtlecbrresiostrhap ot ADE, 44 lve R@EWE bnip cegioand38.may be
Cégagéc?tﬁjer%y,"all %Iilodaenﬂab/ﬁ]vgeae/%ﬁtadése gtr}rrenﬁ relationship similar to
Fig. 8A may significantly reduce errors associated with determining
the resistive state of memory cell 10 as compared with a diode having
a voltage-current relationship similar to Fig. 7A.

In fact, in some embodiments it might not be practical to use
more than two resistive states in memory cells having a voltage-
current relationship similar to Fig. 7A because of the high probability
that errors may occur. Consequently, such memory cells might be
configured in one of two resistive states and store only one bit of
information. In contrast, if a memory cell has a voltage-current
relationship similar to Fig. 8A, four memory states may be used
enabling the memory cell to store two bits of information.
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44, 46, 48, and 50 are different fromthe shapes of

PDFs 14 , 16 , 18, and 20 even though both sets of

PDFs describe currents that result from vol tages

havi ndrig h®@ iRDFrafesFagoth@r vﬁhﬁ@ed'cﬂfrenénelatiionnsbimpémérsory
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of overlap between PDFs 14 , 16, 18, and 20.
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conbi nat 1 on of , and 50 into a single
mpduggmqfhatwvétmgwenbﬁehaw@mshmmry el ement 28 is

II I I f
caual i SkEob dafifodid Ayl EOR JPHay B8k iBred in o
Hastwesistiie staleuky applying & p?ogrammmg andagbmavuﬁg@ealue

8, 4 t C d

092 s B0 0, 4o VR ERAE PPl S, e
qfrogfeamiyingl veoterge Bﬁay Whea a:BmFawutlhga r(}mmaﬁﬁilsﬁﬂlution
40, . 46, 48, an
iR de 1Famt OF ot e &ghHoMeainpi g Sarain RS £e Pt
fedrducied ynmicangly S81 108RRYE peheBaBtthdSoroyrammingusltage
in the second resi stlve state, not the first resistive

JPay davienadiahier BOfs (¢40:« PRe o¥ithg svalipawidh pe/ors or

RIPENA8r PRI dtRMH) QHa%&he®D$e&Nﬁ@ ‘)Vogrénﬁjrhﬂfbevbﬁdgé%e%ause
vol t age- current reI ationship simlar to Fig.

dligapfa& amy inpesridee eollegs-eeeni Rlationship of Fig. 8 onto
qﬁ%_;d 'Pér‘?\%u‘h@ %ﬁ‘égﬁt THe ﬁrfo@frsm%mgemanpﬁuy e S

e having~a vol t dge-current
rrebatqrwejhrr]@rmaﬁ barthabrimory7glement 28tis in hthe diret resistive
diments it mght not be practical to use nore than
t f'esistive states in nmenory cells having a
voI t ag@milarigntmemioay icetistd mai belamfigurddn &/ Sebecautdrd,

Qfebiers Ve SEslerudpy ian AL PRGATHUTE i agaald vy
oG, 0br VR FESH St Wy Sord €S nedvel o8y eef 1l Thoredidde 26 may
narrow the range of likely programming currents as a result of the
voltage-current relationship of Fig. 9. Consequently, diode 26 may
enable four distinct ranges of programming currents to program
memory element 28 in one of four distinct resistive states. In some
embodiments, the four ranges of programming currents may be
substantially non-overlapping and thus the four distinct resistive
states may also be substantially non-overlapping.

By way of example, memory cell 10 may be in a first resistive
state selected from among the resistive states associated with ranges
36, 40, or 42 of Fig. 8C. A first programming voltage may be applied
across wordline 24 and bitline 22 so that a first current flows through
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store two bits of information.Fig. 9 illustrates

anot her voltage-current relationship of nmenory cell

10. According to this relationship, the current
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e Bt Sotach 3hahal SUHA RE1oL U RGih e
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isin the first resistive state. Simlarly, nenor
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fraerinat b?ég |Satrh Hﬁn@t\/@itﬁg@/ t@@%‘e)ébﬂg QurPEROMANVBEY maller than
vol t age of " respectively across

ntéﬁdrrsat @érnenioiuenmwe MpBa@ezmrh@@/t iedaions hiReofr dinge 26

ng currents as a result of the
I“thﬂéég{te&{:ﬁ?rp relationship of Fig. 9 . Consequently,

di ode CZBeWVMbesmssrdloldet 2Genay dayesa wbltage-current

T BATAIAET S515e BRI AT EPBRNoFSIEAL A8 8. ror
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similar to the voltage-current relationship of Fig. 8A.

The memory cells of Figs. 4-5 have a single diode in each
memory cell. In other embodiments, multiple diodes may be utilized
in a single memory cell. For instance, a pair of diodes may be
provided in back-to-back arrangement to provide silicon controlled
rectifier (SCR) or thyristor type properties. Fig. 10 illustrates a
memory cell comprising a back-to-back diode arrangement. In
referring to Fig. 10, similar numbering will be used as is used above in
describing Figs. 1-9, where appropriate.

Fig. 10 shows a portion 70 of a semiconductor construction, and
shows a schematic electrical diagram 72 adjacent the portion 70 to

illustrate electrical components comprised by the portion 70. The
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states associated with ranges 36, 40, or 42 of Fig.
8C. Afirst progranm ng voltage may be applied across
wordline 24 and bitline 22 so that a first current
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T | b
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@4 g Daeteichdc vodteaigds 80s 82, Bds A0, 9, artte94guapdomprise any
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rel ationship of diode 26 1llustrated in Fig. 9. Oher

dBoialed I yastRRcel; Ve 02 & Grgy O hanialu o PR uiyngsten,

reﬁhﬁﬁh@ﬁﬁr@d&p@'r”hhérgdl@ hh@/d@br‘ié‘%@ RYfd ﬁ'thaI containing
relationship o A. For exanple, two diodes

me@w@nﬁdwbrrmtanw,ymeé@loﬁlllmsiﬁ pametal nitride).
vol t a%eCHéﬁw%“rﬁatrc% 2% 'd‘?&?é‘é 94“%‘/ '7% $BigO" JTRI .have a

transition points si mlar to the vol tage-curre
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88 1 L SR e o RBoringly.

svingh eec aeimyy ¥ mehiory Sel ||nn£udangehea:qmabmamrfondobdmiermm
ga?q(f)ggvkggrdﬁn:t%lh%gﬁqu Hblp sm?erlrran hapgtto tRo8¢ |IYusC{rated in
Fig. 8B may be conducted by the memory cell. As a result, it may be
practical for the memory cell to be configured in one of four different
resistive states, enabling the memory cell to store two bits of
information due to the fact that the PDFs are non-overlapping or
minimally overlapping as was discussed above.

Fig. 11 is a schematic circuit diagram illustrating one
embodiment of an array of memory cells. As depicted in Fig. 11, each
memory cell includes a memory element 28 and two diodes — diode 26
and diode 30.

Having two diodes in a memory cell may provide advantages
over having a single diode in a memory cell. For example, diode 26

may have a voltage-current relationship similar to Fig. 8A or Fig. 9
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rectifier (SCR) or thyristor type properties. Fig. 10
illustrates a nenory cell conprising a back-to-back

welrwda42884 angenent. In referring to Fig. 10, sPEi/U82009/042236

nunbering will be used as is used above in describing
Figs. 1-9, where appropriate. Fig. 10 shows a portion
70 of a sem conductor construction, and shows a
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ot oo R0 Bo8E 20 AnAe R £aBBs Tt BREPE ggll may
81gvedbotibeoltage- cgmelruyred@mmmp arrylanftochgs 8A or 9 and
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rméetrrﬁal@m&é@énﬂsrtsdranﬁ@edwp@rtudmee ofirtipdrt @l mBering is
pl ati num_ tungsten, alum num copper, and gol d) and/or

O Db Fﬁfﬁ‘é“%ttﬁlF'@oﬁ?aﬂ%!%ﬁs%@)ﬁﬁ’@é’?t'F‘o(i’ﬁﬁ‘?(rfkbf‘g Figs. 1

'Wﬁé@ﬁ?prd’ﬁﬁﬁb suicide or netal nitride). The
conbi nation of diodes 74 and 76 of Fig. 10 may have a

vol t agi@riionr&heorariagsonase J 2 ditling 2odiedendememory
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tr o Bibared unop Ritithei n®f nickel, tantalum, copper, titanium, tungsten
silicide, or tantalum silicide and material 32 may include a different
one of aluminum, tungsten, molybdenum, platinum, nickel, tantalum,
copper, titanium, tungsten silicide, or tantalum silicide. Material 100,
in some embodiments, may have a thickness of from about 2
nanometers to about 20 nanometers. As was discussed above in
relation to Figs. 1-4, material 34 may include a plurality of layers of
different dielectric materials.

In addition, portion 86 includes diode 30. In some
embodiments, diode 30 may include a p-doped silicon layer 102 and
an n-doped silicon layer 104. In some embodiments, if diode 30

includes p-doped silicon layer 102 and n-doped silicon layer 104,
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diagramillustrating one enbodi nent of an array of
menory cells. As depicted in Fig. 11, each nenory cell
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RIAE RO DB . aAg WBS §lisGitsspg aaed iBfelghicshionRigs. Jedndiode

%?Wﬁ%l d@%%e;&l%'rélll? @W%yew o%@‘?fif&r%?ﬁgﬂl%@nc materials.

ustrat e ode es conductive
mat er |Ialadmmomn|s¢>ﬁm 88 inalueicisadiod?. 30vat eithaldekiciedny

BB BeiSHL ARhE SPIRASILL A O ERTRICAR! iteRb 110
tamgatreeta}lrmh_;mmdnwﬁ |r‘pU&EICnphysmad:|ceh1acttamthls.emm|conductor
CRBRH al Hd At ogetthé]rg otr(renna Schottky diode. Metal material 108
may comprise any suitable composition or combination of
compositions including, for example, tungsten, tantalum, titanium,
molybdenum, copper, cobalt, platinum, palladium, nickel, and their
silicides. Metal material 108 may additionally or alternatively include
one or more of zirconium, manganese, zinc, indium, scandium,
yittrium, and their oxides. Semiconductor material 110 may comprise
amorphous silicon and/or crystalline silicon. In some embodiments,
semiconductor material 110 may be undoped.

Schottky diode 30 may be configured to inhibit current from
flowing from bitline 22 through memory element 28 to wordline 24
when a voltage is applied across bitline 22 and wordline 24 such that

bitline 22 is at a higher potential than wordline 24 (when the memory
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titanium tungsten suicide, or tantal um suicide.
Material 100, in sone enbodi nents, may have a

t hi ckness of from about 2 nanoneters to about 20
resaibiseteyres se Adased) . dirs sossedmbloaNm ents,rdibdei 3 may be

Figs, 1-4, 3 d f
oot q T ket ePa el el L7l | on,
gnnglm &ﬁhemleuldeﬁe Biagai. 30. OII n sone elrrbodl ments, ;

i ode ma cl ude e n a an

an n- Jiﬁea"é%f@&ﬁﬁ%}és Tgﬁ)f”a}’ Srréﬁﬁ’g"s i f
dhncbalySQnatwlauct@smmd@marrﬁeblcﬁm daas\eeuzlqﬁamwbl 22 may be
n-doped silicon |layer 104, material 22 may conprise a

d@{w@pp\,@y ynaéwpggmlgmg(ﬁgmg precgssing and one or more
CARAES! i Y@ e lRRAH), Shhi& )34 Plé%)dsqurr?@ﬁ chﬁ‘er material 22.

configured to Inhi'bit current fromflow ng from
bntsame eambedimoents. material ddemant beglepesitedddn matggial 22

VS8 g 95 R R BB SR AGT ATl B et ano one or
poventtaies.hitateoat Bineag b dhpnsitbe witmany swtdbles

B R MR A T TS G E

| Aes svashdis cOssePiatmAle, whete ria\Bi s ybinatede aAlﬂot'eh‘letly of layers

o AP BhodriTTRlAGIE. AnBN P ol IBFTS oAl 34
GABGtdridividuany cdpuastedl éﬁ@mtdraealmhglmﬁitomrﬂwraah.c

89 adj acent portion 88 to illustrate electrical
cf?j'ﬁﬁ@ﬁé'rﬁ’tgsa@%r%’rq QA H§ §6FEFon 88. Similar nunbering

I's used s'o'Pné %fn%édlﬂgeﬂtg M melBoas ds%diﬁ\eﬂ)rﬁh%%hfbnal 34
descri bi ng 1- 12 where appropriate. Portion

dﬁﬁ‘brqeségle@é% SPZhablth%”‘@@lS &P H\Pd SZJ@St&I@WfWChange the
?lm‘io@ of t‘é‘?f q“é Sr 3fhe GRSE rQﬁdé‘Phﬁieﬂ%\’gz%Spﬁrable

Scussad n detan ove I Scussed above
ras ameiactrodﬁlcgsdlocﬂeéﬁ6 diF@deemesnmd&y a maexirdgmatemperature

sl“éroa,cﬁ {c%’ronﬁrwglrﬁgfelrrf‘alo\aﬁgmgﬁf Eégﬂatlo% % &Igjbgctiem{rrgt&#e of
deatmeddzzsbddanmatendll aaedcmleeodet aﬂanlgeldjdmsa?n 1c>(583h_ape
tal materia in

ore BB A s P2y SUnefe ek Fonauct or

Subsequently, material 32 may be formed over material 34.
Material 32 may be patterned by utilizing photolithographic processing
and one or more etches. Material 32 may be undoped and the
formation of material 32 might not use a temperature higher than a
melting temperature of material 22. Next, semiconductor material 110
may be formed over material 32. For example, semiconductor
material 110 may be deposited. Semiconductor material 110 may be
patterned by utilizing photolithographic processing and one or more
etches. As was mentioned above, semiconductor material 110 may
be undoped since doping and/or annealing semiconductor material
110 might involve temperatures higher than a melting temperature of

material 22 or material 34.
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material 110 that together forma Schottky diode.
Metal material 108 may conprise any suitable

W@ 09pa42884 on or conbi nati on of conpositions i NRECTHE2999/042236

for exanple, tungsten, tantalum titanium nolybdenum
copper, cobalt, platinum palladium nickel, and their
sui cides. Metal material 108 may additionally or

al t er Mty elgtal medtadel 808 roay rom &)rmed:bweoaiem'rponductor

JBRRAEEra, ML oML DB AV R ctbb bl ol dgtam bR
annghrius. Vetat anagnidloro& mest aé Ipaneeraetiwoatilizimgsone
sem conductor material 110 be

t
Lﬁq%’%sb&eongé‘cénatq RIPGH S5 3695 Bs TRk £ to

i nhi biMe gy @M mbhemsfilsaeRd ol M@ &I dl mdeallA at&naueds.
nenory elenent 28 to wordline 24 when a voltage is

NBMQSH cdereay 48 MmAadnae JoaAd tiopalipHuNg4NeuaR marktelement
bhbldha Lﬁﬁlilﬁ%?)thggolhﬂh%g% pRR! SdedkiddaRa bt o

(when the ne reverse biased). In sone
eﬁﬁb@ﬁnents dlode 30 nay be conflgured to have a very

| |
| on | SRURAREHAE Ky | e BOBr RdyBl PO HPDG. A
frabximametdanasemme)wsedh |forralr1g/wonrdhree i22 am ey ol
med tt d
T AEF o, ABiling e r Bl o b A EraR" BY o2
Ea‘ruhe_g sltﬁu’lzzstetfq\eeetrhyterﬁtgio abt Bhang? dJmel‘rmimmmbrpe as
ter . n sone odl .nen materi a e
TSl on 18, e 8PFE o I RITened op e or R el St el 2
phot 0|F||]éj hvgrw@shlr@tel@r@u@@%swgarawdje@n@eweémnee eithhee2 and
I\/aterl 34 may be deposjted with any suitabl e

AipAadti-olfy othelcremiigy atlose. ekesp 25, Mayde orpwiged between
IRBARY | B D af8 dtBEederCupeaRLRRaYBn sRIREE kIR to

may include a plurality of |ayers of f erent
dprenestah ethaiteanfigwationstmay Qﬁagk,m”&”h@ thatdityized to form

'Tﬂ%etfdrm &ﬁétlgﬂyofgﬁg' Nai \Qx‘é@?k k¥ 0GiRASI 36 ANBe formed after

pat tern usin thographi ¢ processing an
_cn‘loder?& atbleeghan rbafomadmd:&)aorrdmmt other reen hodisn ersisd the

BB SR PR R B e 8 e o
ned etling is22naer tiehbitlinseandnterdicdesmay b22fdrmegkedbee
tS a%rezwlt ﬁ{}afe%%‘?&.r?é ag]ldotqwee r%%mc'):r?/relg)ﬁwagrpts or%etweemlﬁ]e
bitline and the memory elements.

In some embodiments, two memory cells stacked vertically may
share a single bitline. Fabricating such vertically stacked memory
cells may use fewer processing steps than if the two vertically stacked
memory cells each had a different bitline.

Fig. 14 shows a portion 96 of a construction and shows a
schematic electrical diagram 97 adjacent portion 96 to illustrate
electrical components comprised by portion 96. Similar numbering is
used in referring to Fig. 14 as is used above in describing Figs. 1-13
where appropriate.

Portion 96 comprises base 12, two wordlines 24, two memory

elements 28, two diodes 26, and a bhitline 22, each of which have been
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formation of materials 34. Subsequently, material 32
may be fornmed over material 34. Material 32 may be
patterned by utilizing photolithographic processing
alidcossedin getal ebolies. Advtasr dislcus2edmpbdye unkdpdn dad

t for i an of,. mat eri.al 32 m ght not e

tased i ath of Hig®es 2kt A ludls' o BRbiatEf of taygrs of
raifferést di2PectNexhateaeasconduct or material 110 may be
formed. over material 32. For exa e, sen cogductor
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168 gr@ s Bt A SBINREG BWaddd &G sPinet @bpéhaaramphé ©4 and

processi ng and one or nore etches. As was nentioned .
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ttenpererltage.o coteatinady MRvofromtihe ugipesavagkine vethiough
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ubengpprDnenearyl cathbetd progGBnithy upgranesrorgdcddly While
ti Lz ith hi ' d

draridd O et hR b eI B  hRE R e BoR78q are"

raaﬁpﬂrd(ﬁ{acﬂc&&ht%me/r mlearcmyl tct:élBtr:myr_elvleré?!bli‘@ésbme lower
tterpnn menor enen er|l utilizin .

5868134 ROPADHTS CHr oot BITBo At G Tos Unbies Taf digs cell is

Waniigtefrant abivahg ifforh e nfcOR 2RAr QAUET tHENBW T BleanBit

28. A maxi mum tenperature used in form ng wordline 24

AaMasHors te g eny ordling @ 4oih1es@PY rREPFiNgythe possibility

ttﬁﬁpﬁfr@s%tﬁ/é)été@tcﬁrth@I§W%Q8ne§%ry%é¢l whl B8 difabatpsise
materi als do not change di nension” or shaie as a result

deadhg P PHagIAMING BE HRARE MaMRTy ridtbr ¥ Odle¥RESR b

' L logst [ 6 i
ofhersiols 245 8828 (A4F peoa i HEfRFLURRR 22 End the
dooee & dhivyg 24 spridnait déidinee? vt at aemighye r ploderetial @& naledver
%@Poffin 024The fabrication process utilized to form
such other” configurations may be simlar to that
utili Z2edinibaf pravess may be used when reading or programming

the lower memory cell of portion 96 whereby the upper diode 26 is
reverse biased while the lower diode 26 is forward biased allowing a
current to flow through the lower memory cell. The current may be
used to read or program the lower memory cell. Since the upper
diode 26 is reverse biased, the upper diode may inhibit the current
from flowing through the upper memory element 28 thereby reducing
the possibility that a resistive state of the upper memory cell will be
altered while reading or programming the lower memory cell.

The embodiment of Fig. 14 may be fabricated as follows.
Initially, material 24 may be formed over base 12. Material 24 may be
patterned by utilizing photolithographic processing and one or more
etches. In some embodiments, material 24 may be deposited on base
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the configuration of Fig. 13, except that diode 26 may
be fornmed after di ode 30 rather than before di ode 30.

WO p009a4288¢ her enbodi nents, the orientation of BEEUS2009/042236

wordline and bitline may be reversed (so that the
wordline is under the bitline) and the di odes may be
fornmed either between the wordline and the nenory

el 2 peimgs an prsulitatohe eme thioe obd d i ineluattinlg 1 tog exaTOphe, atomic

L e AN nbodi nents, two nenory cells
g?&%ﬁgg%%ﬂ ncg&m@?rray share a single bitline.
Fabr i oaé¢miagy sliethenerdi isahkey B aekiedy eremeatyl m@ltéﬂahazy

Emel Sieisny 2EmeY B3R med B rupERoRive Teriy clbment
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a schemati c ectrical di ag}?gm 97 adj acent portion 96
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26 1s forward biased. In respgnse to the vaoltage

dimeasionne ! Makral Gk e hethaipase igpast matenal ﬁadugﬁerable-

gy é‘%ﬁ?lmdmﬁﬂ]ﬂw tbpdrhtdreeugdd in i nSingr Bate @Y34
be used to read upper nenory cell or to program
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Material 22 may subsequently be formed over material 34.
Material 22 may be patterned by utilizing photolithographic processing
and one or more etches. In some embodiments, material 22 may be
deposited on material 34 using any suitable methodology, including,
for example, atomic layer deposition (ALD). The methods of forming
materials 34, 32, 28, and 24 are then repeated to form the upper
memory cell.

Fig. 14 illustrates diode 26 provided between the bitline 22 and
memory element 28. In other configurations, diode 26 may be
provided between memory element 28 and wordline 24. The
fabrication process utilized to form such other configurations may be
similar to that utilized to form the configuration of Fig. 14.

Furthermore, in some embodiments, one or both of the memory cells
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that a resistive state of the |ower nenory cell wll

be altered while reading or progranmm ng the upper
woremwony2ssel | . To reverse bias | ower di ode 26, BCT/UB108%9e42236

may be applied across bitline 22 and the | ower

wordline 24 so that bitline 22 is at a higher

potential than |ower wordline 24. A simlar process

meyp dréions@dl mineimaledditwg dio deiso@r. andinde tAeahdwidode 30)

YERPEN L o e B RA e Brel o Retbod BptBEh AT o

bizased allowing a current to flow through the | ower
menory cell. The current may be used to read or
programthe [ ower nenory cell. Since the upper diode
26 is reverse biased, the upper diode may inhibit the
current fromflow ng through the upper nenory el enent
28 thereby reducing the possibility that a resistive
state of the upper nenory cell will be altered while
readi ng or programm ng the |l ower nenory cell. The
enbodi nent of Fig. 14 nmay be fabricated as foll ows.
Initially, material 24 may be forned over base 12 .
Material 24 may be patterned by utilizing

phot ol i t hographi ¢ processi ng and one or nore etches.

I n sone enbodi nents, nmaterial 24 nay be deposited on
basel2 usi ng any suitabl e nethodol ogy, including, for
exanpl e, atom c |ayer deposition (ALD). Menory el enent
28 is then formed over netal material 24. Menory

el emrent 28 may be fornmed by patterning the nenory

el ement material utilizing photolithographic
processi ng and one or nore etches. Subsequently,
material 32 may be forned over material 34. Materia
32 may be patterned by utilizing photolithographic
processi ng and one or nore etches. Material 34 may
then be formed over material 32. As was discussed
above, material 34 may include a plurality of |ayers
of different dielectric materials. In this case, the
| ayers of material 34 nmay be individually deposited
and patterned using photolithographic processing and
one or nore etches. In sone enbodi nents, the nethods
used in formng material 34 may be sel ected so that
the net hods do not substantially change the
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di mensi ons of material 24 or otherw se render materi al
24 i noperable. For exanple, a maxi num tenperature used
WO poobo#288hg material 34 may be bel ow a nel ti ngPCT/US2009/042236
tenperature of material 24 so that material 24 does
not change di nension or shape as a result of the
formation of material 34. Form ng material 34 w thout
a(hhAEN/ISng may be advant ageous because anneal i ng may
volve nde y. altering dinensions of material 24
St %V% ?@%%Palfure Material 22 may subsequently
be for msd over material 34. Material 22 may be
pat t erlned Bymetm driyzdengjcehoamtnopiisimggr aphi ¢ processi ng
and one,.or. etches. In sone enbodi nents, materi al
22 ma\fl %@t%%rgiln?ed on material 34 using any suitable
5 net hodose@gynd wuellideng, for exanple, atonic |ayer
deposition (ALD). The nethods of formng materials 34,
32, 2& bé' 24 are then repeated to formthe upper
menor y fetimefmiody cbH ¢dhbﬁ‘sfrﬁ§ girdt afd2anBr PYirstedemory

between the bitline 22 and nenory el enent 28. |n other

ameglir His rx, digdsdReing %v'%eart@vﬁqi@et'b%wv@&w current to
TR o, AERTS %ranﬁew&l!gmene?ﬁrstm%nﬁ@f*g/ré@%émo the

process utilized form such other configurations nmay
10 t&utlmenandrwtlahtmbt:uuem froag fioavingrfre MH& edoitling thrguigdnthe
' di ments, one or
g&?ﬁ%méﬁeeh{ﬁ%bgﬁ:ﬁ§ ?lj “88?‘?. on may i ncl ude two
di odes $ecand nbrodey 261l axadnpliisidg B8ecpathiodeland a second

SRy YRR AR NESFRE G582y BolPelFd o ek gyen
deviime frmﬂnh'g_séelrtgmd wofrdiiisé thvarudjh thes slacl:(Sre@(Dm\einory element
. I.tl1.ne; ce rl n a
15 ftPrg 'Bfind B o nFibiCeuieRh PR R romethe pEune
Qﬂ@%rﬁ)%@@e@@ﬂﬁlrﬁéﬁﬁﬂyt&eﬁférﬂ%ltﬁ@'SIecﬂJHd)Wowlrrﬁ@nt to
low fromthe first vvordllnethroughtheflrst mam)ry

eIerret toh}lge bitli ea_ndto urrent

1 owi fr 3 tq]%VIB?t qjlgm? Hr‘@fﬂﬁﬁe'f‘htge fcrst memory element is

selectively configurable in one of two or more different resistive states
and the second memory element is selectively configurable in one of

20 the two or more different resistive states.

3. The device of claim 1 wherein the first diode comprises
first dielectric material, a first metal electrode, and a second metal
electrode and the second diode comprises second dielectric material,

a third metal electrode, and a fourth metal electrode.
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configured to allow current to flow fromthe second
wordl i ne through the second nenory elenent to the
bitline and to inhibit current fromflowng fromthe
bitlide thioeghetibe cfentaim Smehorginethenfinst dielechéc material

R Py A keim F CRiel e R Strbhohar TR Eh fidRGe.
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dﬁcond nmenor. sel ectively canfl urable in

e T de. bEMiBeO ficks eficar s B dar. B iR Sxide,
WharideybsricOfard RioBidmibeibe and fige lseedhddiertric material
conprises first dielectric material, a first netal
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netal el ectrode, and a fourth netal electrode.4 . The
dd i md eu g nttmdenhafmnm exigle; F&rcpiniym Qiige efragnesium OXIde

g}?{tﬁ[jh@bh R é)sg%tﬁléml gﬂﬁb one material selected from

nmong si I'con nitride, titanium

oxi de, tantal um oxide, alum num oxide, alum num _
ni tri &e, hahﬁiciﬁmgﬁicxjezlalzn BowheeINdkiediir st igleeviwmaterial
ﬁr s%é%ltﬁl'ulr‘ml ge?é‘%f iR e‘HPo‘?él‘e‘é‘?né‘W ltel?Fals the
second ectr| conprises at At o0
rpiuatlltalofsieyetst bdlr‘fgroumbgmneg:l 39] foruoqudntmnd&ellsmlt jemctions

et S oRed B 2P AP AT e 1§ HBRcross

ahed‘erst meeraé elantrake dad tyiet $ecamd emxatdeelesnicbde.obi um
oxide. 5 . The device of claim3 wherein the first

dielectric ri.al Il Ses I ers

i T ofont 518 GtiBe o IR T5R0BrRRahE ifs Rl piopy Biémdht

| ayrepds bsiong @onfdrgwfqabrb@sknemqtammprhwéIcSwaattge material,
tlons bet we the |layers of 't ralit %

I a8 R RS A e AT Reart g el pie sis e S Ping

andidrind, aeeqply FrRired melteakr.ode. 6 . The device of

claim1 wherein the first nenDry el enment conprises one

or nore of perovskite rraterl'il gwf;\se change material,
chal cdgeni ¥ MR ¥rH&YiCe | GMISIUGANS PN ISHTSr i al |
resi sty ygbSivatechi ng material, and polyneric material.

a first wordline over the substrate;

a first memory cell over the first wordline, the first memory cell
comprising a first diode;

a bitline over the first memory cell;

a second memory cell over the bitline, the second memory cell
comprising a second diode;

a second wordline over the second memory cell; and

wherein the first diode is configured to allow current to flow from
the first wordline to the bitline and to inhibit current from flowing from
the bitline to the first wordline and the second diode is configured to
allow current to flow from the first wordline to the bitline and to inhibit

current from flowing from the bitline to the second waordline.
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7 . A nmenory device construction conprising : a
substrate; a first wordline over the substrate; a

wo poogti42sehory cell over the first wordline, theCEUSRDI 042236

menory cell conprising a first diode; a bitline over

the first nenory cell ; a second nenory cell over the
bitline, the second nenory cell conprising a second

di ode8.a s@&bentbnairditiareobeksimt ﬁ@vfwedmdheréimt mnecrdly cell

A ESES ot it gk b RdRs s Ea NP o g adle Rine of
and domaorki differentr reznstive emtbbamdthd seﬁbhhenbtrtdry el
to the first vvorqgg’ne and the second. di

GHPPYEPRE $RCUT A6 RAFY ERMEBE FPtﬁfG“fVthFPHlégF Qe in one

vsiridlel e be mMdre iffdreReranstiv® stanisbi t current from
flowwng fromthe bitline to the second wordline.8 .

The caonstryction of cl ai 7 ein the first menory
cel | onprhlg@s CH‘EI‘tW%ttO’}rB ?é’ﬁ%?ﬁe "Tel ectivel y

confi gue 4@&?did@je06@m‘bfr|s'é\éohr%t dr@é@trﬂd Heﬁéﬂﬁt 4 6 1ShieYS
states and the second nenory rrFrl ses a second

igel pdel eped S§§P@€tm9@|f|%%tﬁpij@uif% @tlﬁetﬁ%”@fmﬂ%'al
tH&n?ﬁn'H?Féf‘ctCBtf)fs%ﬁrEoﬁt%t MithvSo &t ﬁtteeﬁrst%eta-ﬁ_@ectrode and

construction of claim7 wherein: the first diod
dbaprdcsesl metsk elgicdiosistransg material, a first met al

el ect rﬂ%‘%’ec@ﬂg cﬂoﬁ? wﬁﬁgéelsg%loﬁﬁt&%%ctn‘: ért t a third

dielectric materra ect physical “con
whetalldebtrotie, Aindst fcvmttlalmetaéceﬂe@id@da,nﬂhet heccsred:dmiectruc

TR S b s e L ORI PR e

faoudt the fedah redled ieleckeodéhe second diel ectric nateri al
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const et ORCaO BT RIS e EfT Toe ditss difprai

n‘aawrialcmppeesaspmahtyr@ﬂ Ilatyyergfof Id&afyewwtcdietﬁcﬁrﬁer ent
di el ectri '

erials, the pluralit rs _bein
TbRISTiAIb efhd BlaH K Sl RIS Cofiotiian ¥ ShEmdRi AL
twielld ay flisctifnd betvwéan ahé I xyavkest thevplurall when a voltage is
applied across the first metal electrode and the second metal

electrode.

11.  The construction of claim 10 wherein each layer of the
plurality has a different barrier height, each barrier height being
related to an energy difference between a conduction band and a
valence band of one of the layers of the plurality.

12. The construction of claim 10 wherein the plurality of layers
are physically arranged between the second metal electrode and the
first metal electrode in order of increasing barrier height, a layer of
the plurality nearest the second metal electrode having the lowest
barrier height of the plurality and a layer of the plurality nearest the
first metal electrode having the highest barrier height of the plurality.
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applied across the first netal electrode and the
second netal electrode. 11. The construction of claim
waoahessd n each | ayer of the plurality has a BPECT/U820891042236
barrier height, each barrier height being related to
an energy difference between a conduction band and a
val ence band of one of the layers of the plurality.
12. THS&.coAsmeonutryothe\dte dcamprididbgnherein the plurality
of Iayé1 §$]re physi cal |y arranged between the second
met al %e'8E¢'V'5te and the first netal electrode in order
of |ntarle|al$mé19 barrier height, a layer of the plurality
nearest the second netal electro rg'e ha t he | owest
ar 1§ & MRETOR B e e PG SN A g PG I or

phyfabifiyremeaeestivehsiatdd;st nmetal el ectrode having the
hi ghest barrier height of the plurality.13. A nenory

devi c@ Wisighiode ﬁ@nflggr%ﬁaunh@'t a fspt Fiient ér%rﬂswng from
§heBiflin & BB lghVipleYmehy ggé!eﬁtérﬁ tonth@N& oRdlidPe Yo MBIV E to

different resistive stat first diode configured
t&)flri’r\th\(Qﬁ&g%bﬁl%ﬁpﬁwd afross dhe fitbniengnd tenveadrdline; and

D11 es L aibdd offiFYiNg o BIRORL -0nher 4P Kfrigured

responsuve acr oss
Botdllave aamicqurrécume@lt itadlgw arrmin aheerwmiﬂhel ihdeugh the

PR LBl SRR MRS SIS ngiaih Bllab® being

tdpaieghat s sneveowy reliresrantd the biléndai t1 i ne responsi ve
to a second vol tage being applied across the wordline

The 1ii7st ansiebie Br Y [Rabed Eekaidigehibrises

rat endapedIlse mibee ddeve cmadérial.ai m 13 wherein the first
di ode conpri ses a Schottky di ode conpri sing a netal

mat er i a senic uct ter.
Tt or 190 bARGI ORI Gt b AR e T ofSA€ comprises a
sSehaonddidde comtpelsing a m@tarl'rlfntateirealll @red af semédondibctor
vvher EL he se conducil' mat er i al ?rmrve Ltj
he met material being In direct con act with the

semico nd uctor material.

16. The device of claim 15 wherein the semiconductor

material is amorphous silicon.

17. The device of claim 15 wherein the semiconductor

material is crystalline silicon.

18. The device of claim 13 wherein the second diode
comprises a first metal electrode and a second metal electrode and
wherein the dielectric material comprises a plurality of layers of
different dielectric materials, the plurality of layers being configured to
form quantum wells at junctions between the layers of the plurality
responsive to the second voltage.
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17. The device of claim 15 wherein the sem conductor
material is crystalline silicon. 18. The device of

W@ @288 wherein the second di ode conprises aP¢T/D81009/042236
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netal el ectrode and a second netal el ectrode and
wherein the dielectric material conprises a plurality
of layers of different dielectric nmaterials, the

pl urallity éfcédastenctidecoqpomhggured to form quant um
wel |'s a%%é{?%tlons between the layers of the plurality
respor?s % he second vol tage. 19. A construction
conpr iashitigne o&eSltllb)étslubtsa’ata bi tI i ne over the
substrate; a wordline over bitline and the

subst Aafvardling H%%P;?”éﬂfé%&h mgv%rgd t”F\% Hlblsprlaﬁee and

under gt e m@ydélichtentt e MEYEOB iIi9d @MRNGnd& e wordline, the
sel ectively configurable in one of three or nore

dﬁ?ﬁ*@*érﬁ'eﬁ‘@iﬂﬁqm@ sgiegtieely configusablg ingenewdithtar or
qhb}é @ﬁf%%tqgg%qlvbr@aygg dline, the first diode being

configured to inhibit a first current fromflow ng
f r om @ehiérsbidiode o vietirtbadhitlingeane moderdheneardling. tthe first

S50 B h RIRRLS 10 il 3l BULESS % 300 A6 tno
dditiee bwenghHbebinelmary elechamdertheheoraindd resportdiee to a

TEELMB s 8 o6 Fhip el HrbsSecBhiAe Al feuRoslie:ane
curr emnt sé¢corid dvoda onret Inhae Wwixtidlei aved Uhdeughe thdhampNye

| Tt the bit t d | t
sonia alodel SSmBrsind & USTERR tiE i BT e i pa g

Ted pensg eustigaredto aliaivia E2coher@irfehine doel Rk ire
materjal conprises a plurality of |ayers of different

d’?"é‘ldé'@terVHOHEPéh?dﬂ@mqrhemﬁmﬁ*ﬁltptti?eoq'“Irb?yé@%o%bﬁ'h% toa

CéHE:fdrﬁ)U\r/&@aé@ bfe@rﬁ@“a‘ﬁ)‘bﬂ%%@r%ls'tﬁe%oﬂdm@ hRASHEFiNeRN
the layers of the plurality responsive to the second

voltage. 2 1 The construction of claim19 wherein the
first 8 oddhefpisteedion sERRITKYO arhpreie dhpdieleslia
fFﬁhﬂinéWécﬁﬁbﬁée@%d @mamd@p §e$§'6'f<a<?ﬂ?é’+é‘rft%em€tﬁ&' al,

he nmetal naterial being i rect
materlals the plurality of Iayers belng configured to form quantum
wells at junctions between the layers of the plurality responsive to the

second voltage.

21. The construction of claim 19 wherein the first diode
comprises a Schottky diode comprising a metal material and an
undoped semiconductor material, the metal material being in direct

contact with the undoped semiconductor material.
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contact with the undoped sem conductor material.22. A
menory device form ng nethod conprising : formng a

whrabigssover a substrate; form ng a wordli ne PUEUSI90%/642236

the bitline and the substrate; form ng a nenory

el ement over the bitline and under the wordline, the
menory el enent being selectively configurable in one
of thi2@e oA meneorygi dé\eécerformey) stathedstaanpgsinigor m ng a

first de er. th I|n under the wordli ne,

Lhe 1 ouiG §Eifiss ??‘éerc% %J%é% to inhibit a first

curr embrrﬁrr@‘rafmﬂ\mmg dvermpdimethlel bitlime atnlar eghub $teate ;
elenent to the wordline resqfq5|ve to a fHESt

Vol t adR BEGhE BEOT R ISReR S VERRB I Meaa dr sy

Wos (Iinke the aREmicRy 818 et PRV G el Bl | P o figieaBliet ini e of
and under the wordline, the second di ode conprising a

dheseer merediftareat resistivestaigstal el ectrode, and a
secongy Rty alr8ChIRREovENSBRARE FHPURIBRYAY wordline, the

configured to allow a second current to flow fromthe’
vibstidiote bringughntiaeretiminhibitentirgt ewrenlefrpm flpweng from

' |
URERAARY FrbBgf PE AR, /ARy YoM ARBI BT, RS TSive to
22fivdterdlape heirfprappligd gicrobe tbedomirhmedarwéheawdlllses and
d L] t ielectr | t t al
Co0s AR RS bSO i Blol shAu 380 DB ne
n“ebt'smtc?fd dicmimc??tmtp\m;M@lar\dm@e@munh?ﬁqmr atfiusessnet?ed
ornm.ng o oge, e second di ode
HlatPhgenetirs serandimeld F1eeedd8nuie Bt Sade Brino
t(ﬁﬂ‘ﬂ@’tﬂbuft@ Ao faesé¢csr$d ciBtedlt t6lfRAY Fde tBe dvérdilet thigugh
enperature of the second netal electrode. 25. The

HBERBa MYl amAm odRerailing FRSRITY RO & Sepend vplipge
HAAE LT a8RSOME RErdiNfe Binbisthedbiafife af ter the

forming of the second diode. 26. The nethod of claim
22 wherein_the first diode conprises a Schottky di ode
conpr i ng TAenBEHI OGRS &3 28%%.&@%665@6“'“9 bt the second

SABHE ST O @%b%%it%g thd1@idBERic ARItBFihRbnRARENEddhd
direct contact with the undoped sem conduct or

mactalielectrode urng@tasic by depedbowher ei n t he
dielectric materi al

24. The method of claim 22 wherein maximum temperatures
used in the forming of the first diode, the second diode, and the
memory element are less than both a melting temperature of the first
metal electrode and a melting temperature of the second metal
electrode.

25. The method of claim 22 wherein the forming of the first
diode comprises forming the first diode after the forming of the second
diode.

26. The method of claim 22 wherein the first diode comprises
a Schottky diode comprising a metal material and an undoped
semiconductor material, the metal material being in direct contact with

the undoped semiconductor material.
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conprises a plurality of |layers of different
dielectric materials, the plurality of |ayers being

w@owbirgpssed to form quantum wel I's at juncti onsPOBEUSRSEN042236

the layers of the plurality responsive to the second

vol tage. 28. A current conducting device conprising :

a first electrode; a second electrode; dielectric

mat er i2al. i Mhphysitvad of ciaiac2wihéreihahéidistecélie o atedial
nd th econd_gl ectrode:. and wherein the device is

v pySr S Pl e ESETs of el dhfiaerBa THs RIS <ine
qilacalggpdjli Ihtﬂémégbirtdﬁeomﬁigdjmi td tbr;f;it]aahahrptWellQ%t junctions
econd el ectirode responsive to a first voltage I n

Miesa K (R&hs aidne imidtally SEEPORSVEY MRS Cernhyotage.

el ectrode and to conduct a second current fromthe

first 28. ectirogieehhconguctimg daivideecobmeigmgerial to the

second Flectrode responsive to a second vol tage bei ng
appl i Gd'"53@IREHOURe first el ectrode and the second

el ect ogigsondelsaesdst current being smaller than the
first current and the second voltage being |arger than

the fidiglecyét majeriabyn phyaicgberptadiwidhdhefost glrgieade and
hebhsddind bfcslirotR:tape and the second vol tage are
I

arger than a threshol d voltage, the device being
confi gUrergin the dedins iscepniégred tnconauet a dirsecedenbiem
tq .t trad 0 I t he
ey PR S Rt ot DR KO aROTaf & R 5L O
agdlectroddeespdnsive keaditdt gbkage dadng 3(plitioebelbveae tiod first

. h h ) . ( X
GIEPTo8R SRH PehofarbiEebarilly SHuFR & hakdprkEhrEnt
di@ha@brﬁi%trm?@mbada tt)h mug‘retr&faqm;dgﬂ{cemate?el rc]{s&pmtesbued
t t r vol t age beling a | ween e 11rs
AefrbaRaCSRANERE od cboakbr Fia Dol o philed RAMEggethe
bebneldArads ahbathet e sReentivdd,ase ssvbridieutrent Geing
current being |larger than both the first current an

d
tHealdecHIRD HiR FiEvtcwrant e thenecenst ve!fag erPshnavriger than
tthe fieyveRaye. further configured to conduct a fourth
current fromthe first el ectrode through the
dielectric_material to the second el ectrode responsive

to a Péurt AN YGe HaIRg 2BpVNeteindialbeie st pofigge and
ghedd R dFfa§bare98Rt than a threshold voltage, the device

being configured to conduct current from the first electrode to the
second electrode when a voltage larger than the threshold voltage is

applied between the first electrode and the second electrode.

30. The device of claim 28 wherein the device is configured to
conduct a third current from the first electrode through the dielectric
material to the second electrode responsive to a third voltage being
applied between the first electrode and the second electrode, the third
voltage being larger than the second voltage and the third current
being larger than both the first current and the second current.
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el ectrode, the fourth voltage being |arger than the
third voltage and the fourth current being snaller

WO bao/1#3884 t hird current. 32. The devi ce of cl aP@T/B82009/042236

wherein the device is configured to inhibit current
fromflowng fromthe second el ectrode through the
dielectric material to the first el ectrode when a

t hi rd 3vol t dge demicagic!pioh S0 Wwheopipdbiet devibatis dlirther

pol arjt f the first voltage i.s appli cro h

R iddst adpdltondt o Jopt P s et @B L TSR0 Througn
dﬁéidigleﬁti'iclrahmrﬁaﬂ tohteeedatdritbefdoti’idev e dpagssiaando tahid urth
second vo] tage both have a sane polarity. 34. The

Gyt e 5nios belipen ey s et add anibine SScond

Cél@’@!’rb&@?tr@e foush v@?ﬁa@'e @@i@h tlﬁ@géﬁﬂﬁlﬂtkﬁé esikd _Q@ﬂage and
rises a second nmetal different than the first

conp ( L
nBedpurtpscurrgat Beincemardlesthamtheg thivgr@imrent-fi rst work
function associated with the first netal is related to

an anmgent Theed@Vioy dfsBsin Q8f@H€Ve§in&'heedj@\ﬂbéQ§ cfo_fn@i@ured to
the first metal and a second work function associ at ed

NPt perreat biodn Mevingifsomndhng srrans glecdrsiminteugh the

%@f&%rié?ﬁgtetr%l rtS'THléefirf@f‘ R AR dOWHIPAth I8 \fcﬁ%@ngving a

tal, the first work function being |ower than t

sedarity apprsitanibat eha Bgarithef the ficet v itageisreplied across
reei i electhic [ a barrier height
(REI ST efdir U ol flcCs AR bflctlife @ parit ot el 91

and a work function of the second netal, the barrier
hei ght33ei hjerdgdcedftadaiam 28nwhgyeini thieeiish yeltlagevrieth the

[ f e, di | e material and a
va e#@éb@gﬁ@g&&%@% aelggﬁérepyén@tlyéri al . 37. The devi ce
of 34 wherein the first netal is one of al um num
tungstddn, beydrrdpamf gaian 28uwhergiokisle, finsheleg¢tupge
. _ it A O _
Pt LM b SRR LRT S0 G SFepbol EdhMyiiBe o second
ahatdldifferanindsnethe finstybebum pl ati num ni ckel
tantal um copper, titanium tungsten suicide, or

: ﬁ”t a!s‘é{.” S{hGl cﬁj&i{:g%f q-wﬁn dovivRgr&h gh@é@aﬁ( WWESRI
e dielectric material conprises at [east one
reestseci ale dswltbdhedirst ometamnelaied toandamoudé ,o_f@irieirgymused

itride, titani um oxide, tantal um,oxide, alum num .
Joita5TSug bhi AdRHERo fictne AR MR AL sl {HIFk function
;g st aterionihithen sedothel metal is related to an amount of energy
used to remove an electron from the second metal, the first work

function being lower than the second work function.

36. The device of claim 34 wherein the dielectric material has
a barrier height greater than both a work function of the first metal
and a work function of the second metal, the barrier height being
related to an energy difference between a conduction band of the

dielectric material and a valence band of the dielectric material.
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claim28 wherein the dielectric material conprises a

wpbweakissy of | ayers, each |layer of the plural PETUS2009/042236
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conprising a different dielectric material. 40. The
device of claim39 wherein the dielectric material is
configured to formquantum wells at junctions between
t he | 8yer sTok déndcelairdd Mv;ereiasswmﬁ'rsternetaltih@rfei okt

LTk Gu B RR shEoRERERT ARl Shigke o filSs” Korper.

witangim, aatg"stbaysercudé oheaplalial sitigideasnd tHe fderomiat metal is

T AL S L BT e e RS

wahenae, kpb e tiensued, tuhgstay enri®d, shaamhrmlditiside.
42. The device of claim4 1 wherein the pl urallty of

wior e e R ige af ik 2B dhetdinche SRR dBaterial

SRAAPHs 8 Wit aadtyoRé nh2eela3 sefedtBaUl&inl 8 ofRt Silitah dioxide,
i nterposed between the dielectric material |ayers of

tsiécen néyidg; daniuy ox{dR i@ataNm prifealiioe M axide,
'é}Mﬁﬂﬁuﬁehﬁﬂdéoﬂéfrﬁuﬁﬁgxh‘é AtoRidmidiab! st bkide,

| ayers ferent dielectric materrals from
rwurlb@ W(tdﬁ? (?méi Alpstivwer 0xige. The device of claim4 1
wherein the plurality of layers are physically

arr angeyd b%%\n&@?f%ﬁ&ﬁﬁ‘%%%?%ﬁ%e@@léaﬁcfméﬁérual

el ectrode in order I ncreasing barrier height
|mpr|@es tehelusalilyadh ey ensagach 1ayer afeltenplusaklyt emerising a

i er height of the plurality and
gpé;ehtt%? %(ﬂ%%a%ﬁty nearest the first el ectrode

haV| ng the_highest barrier hei ht of the plurality.
44. THE.deVheed®iice|diataizy aﬁh\@ ereinghendietsatriconataréal is

il Y 800 S0 FRES P ARCR R e B S Fayers of

nharmumlﬁyaeepahsgﬁeetdn th%flrs'[hmlt@e belrxg‘ apphedna&@oss the
f th ty h duct

Sh PGS Pl e S e Y "o 5 Sondueton

| evel s of the layers of the plurality are aligned. 46.

The deéMi.ceTok addcendd@TIdium t3Pewheosmipréaimipyervdittie plurality
Iho:fsaﬁecdfferent barrier height, each barrier height being related to an
energy difference between a conduction band and a valence band of

one of the layers of the plurality.

42. The device of claim 41 wherein the plurality of layers
comprises a first plurality of layers and wherein the dielectric material
further comprises a second plurality of layers of insulating material
interposed between the dielectric material layers of the first plurality,
the second plurality of thin layers being configured to inhibit the first
plurality of layers of different dielectric materials from mixing with one
another.
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above a first one of the |layers of the plurality and
bel ow a second one of the layers of the plurality. 47.

woL@ongass4ct i on conprising : a substrate; a seRCHUS2009/042236
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netal |ayer over the substrate ; dielectric naterial
over the second netal layer; a first netal |ayer over
the dielectric material; and wherein the dielectric

mat er 4. i $headévigerodclaion ednabeteia thiersluralityraiayers are

ATRRTERLY dr'eha e bEfite Rl €38 RE e B Brby A G
cellduotjean&&d@n@famcwmﬁng bameshé@mpaaayecondhe plurality
voltage bei cross t

fi t t al \
iTea L Lits shep R aIaCRp S T el Mindonst Bhi e Rl ot e
SoTBHIRy iR e bi (8 pruralieheanskiithe mieteshous aaRing

bei ng gher than the | rst vol tage 48. The
dBﬁsﬁ'BU@ﬂ Bardgr deighhod thedreliyt he diel ectric
material is in direct physical contact with both the

first quet alrhleaysVicand difien SeCRRdrémtddcH pualr helhlarality
construction of claim47 wherein the dielectric

Hﬁ%?lva?l'eE%‘?r}S’ﬁn@e%”%\r% igv&l B¢ e Yalpars, b%ﬁnpg@»@}evels

i tHQQanPé Bt iy pﬁ%ﬂﬁw ak09 igndf ferent dielectric
material, the dielectric matérial being conflgured to

formquantum wel I s at junctions between the | aye

t he ptdxal Thg dR4pediclaim @9tW@efQ"PS‘?a%'QYﬁé’fH@ﬁr@Ura“ty
ﬁ%noﬁﬁ:tlo-ﬁhlﬁaﬁ?%ﬂerrg\?tlé@é\ Sd #e %ﬁﬁ%bﬂoﬁaﬁhd @H@ng

of t luralit has a thickness | ess
develguel th%laeyemamwemisralsy Bremlignesty device
conprising : a wordline; a bitline; a nenory el ement

sel ecyjgvel Yh%%\heé‘rcﬁmlglrﬁ @9%‘?”% &%Eﬁsﬁf ofid located

different resistive states ; configured to
aabcow a fust pegtofttb ef lagarg pbﬁhe rméumlﬂxdlaunﬂebelﬁmoa@eqqm@l one

b i y|ag[9|?§”r§mhé MH&ﬂnﬁl tline responsive to a voltage

0SS the wordline and the bitline and

to decrease the
47. A construction comprising:

a substrate;

a second metal layer over the substrate;

dielectric material over the second metal layer;

a first metal layer over the dielectric material; and

wherein the dielectric material is configured to conduct a first
current responsive to a first voltage being applied across the first
metal layer and the second metal layer and to conduct a second
current responsive to a second voltage being applied across the first
metal layer and the second metal layer, the second current being
smaller than the first current and the second voltage being higher than

the first voltage.

48. The construction of claim 47 wherein the dielectric
material is in direct physical contact with both the first metal layer and

the second metal layer.
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current if the voltage is increased or decreased. 52.
The nmenory device of claim5 1 wherein the di ode

w@eowpnizses a first diode and further conprisi NBCEUS2009/042236

second di ode configured to allow the current to flow
fromthe wordline through the nenory elenment to the
bitline responsive to the voltage, the first di ode and
t he sd®@ndTdectnstogdtdreof taim 4g vehereym itise akieles8ic The

AR it fLp GulSeLE fabinla theopEERy
adwmngdsimat 2 difdére hdibkgdoindaie rraf 814 dleleti Mmaterial being
resi stjve swtchi material, an

transport terial / d
ST RAPE thPEm apanin walls AR oaSTRNERN 11 aHess o
vwhergiuralithecdpodeiveorPiHsasstavdlidge beRighpgliégt rode, a
second netal electrode, and a plurality of |ayers of

different dielectric materials, the plurality g .
ayer Sthei GeCGSREN b ABorhetamas (auer S1dbe pluratit
jéinalepnNhabel vREkn e 1dAyeizh 6f efbal K erddndmeters.
responsive to the voltage.55. A construction

conprising,: a substrate; a bitline over the

subst Pt e; AaMGR Y| V66 SOBREH e bitline and the
subst rakBrdlirfe:menory el enment over the bitline and
under the wordline, the nenory el enent being

sel ectd QiR configurable in one of three or nore

di 1 ereplont 61 Slonién sS4 Abefyely8hifysHeefie P kRe cghﬁwree or

bitline and under the wordline, the diode bein
doafe gifferent geaistiye statesramt to flow fromthe

wor d| ia”&io‘dféré’é%gvd 1A fsegl‘géx)é SLEMRRL 15 NN & thé Wordline
responsive to a voltage belng applied across the
viorallig méhamae mbey leile miené tatide totlinecresaoasiveta arvadtage

if .the vqltage is increased or creased. .. The

5100 rapiesh a0y Lt MBER e Ao R ST andde i Frease dhe
faurséntiétiad veltaglerisdecreasmrtondesedadect! ectrode, and a
plurality of layers of different dielectric materials,

the pl.yral i of | ayers .bei confi.qured .tq for.m

quant o vel s BemdhcdfR SRR MHbeFahdns WPbene
mamptisty o i aisds ertdof urtreeved mpgiging a second diode
configured to allow the current to flow from the wordline through the
memory element to the bitline responsive to the voltage, the first

diode and the second diode together forming a thyristor.

53. The memory device of claim 51 wherein the memory
element comprises one or more of perovskite material, phase change
material, chalcogenides material, ionic transport material, resistive

switching material, and polymeric material.

54. The memory device of claim 51 wherein the diode
comprises a first metal electrode, a second metal electrode, and a
plurality of layers of different dielectric materials, the plurality of
layers being configured to form quantum wells at junctions between

the layers of the plurality responsive to the voltage.
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57. A nenory cell progranmm ng nethod conprising :
providing a nenory cell conprising a wordline, a

wheraobireesg4 a di ode, and a nenory el enent, the nREDD2009/042236

el ement having a first resistance; applying a voltage
across the wordline and the bitline, the voltage being
within a range of voltages; using the diode,

cont r @3.i nd eonstnwetinn cbmprisingent that fl ows through

t he r | ement responsive to the applying of the
vol tgggg%%sl?%[a?t’ if the applied voltage is the | owest
vol t agebinliidionet hiee saibgeratéhe amount of current is

greater than if the voltage is the highest voltage

wi thi @ VRIS g¥er Bl 40€ YRS 17E R RYPS @ Bent t o
have @ ﬁ\%@@@{% EIRPH S OGS B BithieS dind Phdéhehe wordline, the
current.58. The nethod of claim57 wherein the voltage

iemary rede mMedlttoedeg seheciig!y &nfigyirable insene @i tBre of

aRdrd BRI RTEBG Ve faldd;Singl tering and further
conprising : subsequent to the first altering, second

al t er iangiodieeo y&nidveybislieeramd wod@ntie mesdline sthe diode being
res] [ d ' <
RUBARER Rl IR Sl chlRo FBGPOA PR NABREC dncougy e
VoE g g edemesy toHbevtldla respmsivédido fai voliage belveg applied

ARG SRR SRR e i Be' 98 15T Rars aht R AL e
aldigeng imcseasad ot Waceehséd. f1 ow t hrough the nmenory
el ement responsive to the second voltage, the second

bei Ler. t he fj t: .
ot er Ry RE8 SRRt RauBeRt 168 siefE Gomprises
reeﬁLﬁtcjme]fa ?le_caogssfal set(fq[fnd hreetabeudrade,ramd a @?Laliﬁbmf
tho . alm ur er co I sSi renovi n .
Jevesel eittarenhaislectilc REtarals HoamIHra Y afHayeis Being
dEfFRyUreduonarinhguihrith felfshgt RiNCtiRMNs e dietied Mytdre of

menory el ement retains the second resistance in the
dhserlbEalsy reppopaiveet they velhadGol t age. 60. The met hod
of claim57 wherein the second resistance is greater

than wre farglem®@s &IRPEGgramming method comprising:

providing a memory cell comprising a wordline, a bitline, a
diode, and a memory element, the memory element having a first
resistance;

applying a voltage across the wordline and the bitline, the
voltage being within a range of voltages;

using the diode, controlling an amount of a current that flows
through the memory element responsive to the applying of the voltage
so that if the applied voltage is the lowest voltage within the range,
the amount of current is greater than if the voltage is the highest
voltage within the range; and

altering the memory element to have a second resistance as a

result of the current.
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6 1. The nethod of claim57 wherein the second
resistance is less than the first resi stance. 62. The

woredokoessef cl ai m 57 wherein the di ode conpri SeBCHUB2009042236
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netal electrode, a second netal electrode, and a
plurality of layers of different dielectric materials,
the plurality of layers being configured to form
guant &d.wellhe methechof ictaisr bétweereih hbe vayerge isf a finst
p\}ol”a%;lei,ttxerceusrpeorﬁ]tsiisve?fitré)t é@r(?e\ﬁﬁlatnaogﬁie altering is a first altering
and further comprising:

subsequent to the first altering, second altering the memory
element to have the first resistance instead of the second resistance;

subsequent to the second altering, applying a second voltage
across the wordline and the bitline, the second voltage being within
the range of voltages and being greater than the first voltage;

using the diode, allowing a second current to flow through the
memory element responsive to the second voltage, the second current
being smaller than the first current; and

altering the memory element to have the second resistance as a

result of the second current.

59. The method of claim 57 further comprising removing the
voltage from the wordline and the bitline thereby discontinuing the
flow of the current and wherein the memory element retains the

second resistance in the absence of the current or the voltage.

60. The method of claim 57 wherein the second resistance is

greater than the first resistance.

61. The method of claim 57 wherein the second resistance is

less than the first resistance.

62. The method of claim 57 wherein the diode comprises a
first metal electrode, a second metal electrode, and a plurality of
layers of different dielectric materials, the plurality of layers being
configured to form quantum wells at junctions between the layers of

the plurality responsive to the voltage.
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